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DATE: April 8, 1985 

SUBJECT: Water Supply Performance Evaluation Study 16 (WS016) 

John A. Winter, Chief . _ l 
Quality Assurance Branch 

FROM: ,_' . - .. ~. 

TO: Participating Laboratories 

THRU: Robert L. Booth, Director 'J?L- ;;:{~ 
Environmental Monitoring and Suppo~"v---/ 
Laboratory - Cincinnati 

The enclosed sample concentrates are for analyses of one or more of the 
following eight analyte groups: trace metals, nitrate-fluoride, chlorina~d 
hydrocarbon pesticides (insecticides), nerbici des, tri hal omethanes, resiaua1 
free chlorine, turbidity and sodi wn-corros1 v1 • Report results for as ma,ny 
or-these parameters as your la ratory w1s es an evaluation. The concentrates 
are to be spiked into a laboratory-pure water for analysis as directed io t~e 
specific instructions for each sample group. A separate sample is prepared 
from each concentrate. 

The analyses are to be performed within 42 days of receipt of the samples 
and the reported data must be postmarked no 1 ater than May 28, 1985. Results 
sent after this date will not be accepted. Carefully follow the General 
Instructions for Reporting Results and report results in terms of the diluted 
full-vo 1 ume samples. 

~ . Please note that standard reporting units are micrograms per liter unless 
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Mr. Arnold Gahler, Chief, 
Laboratory Branch, Environmental Services Division, 
U.S. Environmental Protection Agency, Region 10, 
P.O. Box 549 
Manchester, WA 98353 
Phone: (206) 442-0370 

If there are any technical questions or problems, contact: 

Same as above. 
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Manin Marietta Environmental Systems 

I. QUALITY ASSURANCE PROGRAM 

Martin Marietta Environmental Systems has developed and 
implemented sound quality assurance/quality control (QA/QC) 
practices. Adherence to such practices assures that the data 
generated from performance of contract tasks will be: 

l. meaningful 
2. representative 
3. complete 
4. precise 
5. accurate 
6. comparable (i.e., presented in standard units) 
7. admissable as legal evidence, as necessa~y. 

The Environmental Systems Analytical Chemistry Laboratory 
provides analytical services and interpretive support for 
environmental studies. Environmental Systems has developed a 
modern, well-equipped, and efficient analytical laboratory. 
Laboratory personnel are prepared to perform chemical analyses 
for organic and inorganic contaminants. Within the laboratory, 
a rigorous QA/OC program has been designed to ensure and docu­
ment the accuracy and precision of all data. 

The Environmental Systems Quality Assurance Coordinator 
(QAC) will assure that the procedures outlined in the plan are 
fulfilled. The QAC reports directly to the Laboratory Manager, 
and has the general ·responsibility for monitoring the performance 
of the laboratory and for implementing any preventative or cor­
rective actions. More specifically, the coordinator supervises 
the day-to-day performance of the laboratory analyses and moni­
tors the calibration and operation of analytical insii~mentation. 
The laboratory manager reviews all analytical data prior to sub­
mission to the project manager, who in turn reviews data before 
submission to the client. The basic responsibility for produc­
ing accurate and precise data lies with the laboratory analysts 
themselves. Each analyst must be familiar with the standard 
operating procedures outlined in the laboratory manuals and must 
demonstrate the ability to satisfactorily perform the analyses. 

II. QUALITY CONTROL 

A. SAMPLE RECEIPT 

Incoming samples will be received at the loading dock in 
the mail room area. The sample custodian will be notified 
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Manin Marietta Environmental Systems 

immediately of the receipt by mail room personnel. The sample 
custodian will be responsible for performing several tasks and 

0 shall follow specific procedures (listed below) related to 
sample receipt, tracking, and storage. All observations will 
be recorded in a logbook or on an appropriate form, and only 
one case will be recorded on a page. 

1. Examine the shipping container to assess: 

a. Condition of container, i.e., note if damaged. 

b. Presence or absence of custody seal, or "evidence 
tape." 

c. Condition of custody seal, i.e., note whether 
intact or broken. 

2. Open the shipping container in such a way as to 
prevent laboratory contamination, remove the enclosed 
sample documents, and record the following: 

a. Presence or absence of chain-of-custody record. 
(See Fig. 1 for an example chain-of-custody 
record used by Martin Marietta Environmental 
Systems.) 

b. Presence or absence of Sample Management Office 
(SMO) forms (Traffic Reports, Chronicles). 

c. Presence or absence of airbills and/or bills of 
lading documenting shipment of samples. 

d. See Fig. 2 for example form for sample logbook. 

3. Remove sample containers and record: 

a. Condition of samples, i.e., note whether intact, 
broken, leaking, etc. 

b. Presence or absence of sample tags. 
continue.) 

c. Sample tag document control numbers. 

(If present, 

d. Presence or absence of sample tag numbers listed 
on the chain-of-custody record(s). (If present, 
continue.) 

e. Agreement or discrepancy.between sample tag 
numbers on chain-of-custody record(s) and on 
sample tags attached to samples. 
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Martin Marietta EnvironmentaJ Systems 

. 9200 Rumsey Road 
MARTIN MARIE~ ENVIRONMEN~L SYST~~S Columbia, MD 21045-1934 

CBA!N OF COS TOOY (301)964-9200 
PAX t(30l)964-9200, Ext. 361 

Client: 
Client Address: 

• 

Contact Person: phone: 

SampJ.ed l:)y: . Data: I 
tof 

O.ient sample tcx:a1:i.ozllrest 'Sanlplin; samples/ prese:vative 
iamillic:ation Panmeters date/tmae vcl\.liDI! 

. 

4 

. 
released ey: data/tim l:11C8l vec1 Qy: date/time : 

releasea ay: data/time rec:al vec1 Cy : date/ tilre : 

I 
real ved in lat::oratcry ay: date/time met:hcd of shi;:ment: 

c::mnents: 

I 
e"igure 1. Sample chain of custody form 
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4. Compare the following documents to check for agreement 
among the information contained on them. Note 
agreement, or if discrepancies exist, record them, 
contact the SMO for direction, and notify appropriate 
laboratory personnel: 

a. Chain-of-custody records. 

b. Sample tags. 

c. SMO forms (Traffic Reports, Chronicles). 

d. Airbills or bills of lading. 

5. Sign the chain-of-custody record where indicated and 
include a description of any problems encountered in 
the •comments• box. 

6. Mark or label each sample 
laboratory sample number. 
used (it is in the format 
and N • number). 

with the appropriate 
The SMO number may be 

of LLNNNN where L • letter 

7. Remove the sample tag and place it in the appropriate 
sample case file. 

8. Store the samples in a secure area designated for 
EPA samples. All EPA samples received by Martin 
Marietta Environmental Systems will be stored in the 
Cold Room. Samples will be stored in their original 
containers unless damaged, in which case they will 
be disposed of in an appropriate manner and the 
disposal will be documented. Store VOA samples 
separately from other samples, and do not store 
standards with samples. 

9. Monitor storage conditions for proper sample 
preservation, e.g., temperature of refrigerator or 
Cold Room. Take measures to prevent sample cross­
contamination. 

10. Return shipping containers to the proper sampling 
teams. 

B. SAMPLE CONTROL 

1. Chain-of-Custody: Definition and Rationale 

Samples are physical evidence and should be handled 
according to certain procedural safeguards. In the event that 
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Martin Marietta Environmental Systems 

it will be necessary to demonstrate to the court in a legal 
proceeding hand-to-hand custody of samples within the laboratory, 
documentation that traces in-house custody of samples from the. 
time of receipt to the completion of the analysis will be 
prepared. A sample is under someone's custody if: 

a. It is in one's possession, or 

b. It is in one's view, after being in your physical 
possession, or, 

c. It was in one's possession and then locked or otherwise 
sealed so that tampering will be evident, or 

d. It is kept in a secure area, restricted to authorized 
personnel only. 

2. Standard Operating Procedures for Sample Control 

A. Samples and sample extracts will be stored in their 
original containers in the cold room, designated by 
Martin Marietta Environmental Systems as a secure area 
for storage of EPA samples. 

b. The cold room will be kept secure at all times. The 
sample custodian will have the key and will control 
access to the storage area. The appropriate laboatory 
personnel will also have a key. 

c. Any transfer of samples into or out of storage will be 
documented by recording·the sample numbers, the date, 
and the name of the person transferring the samples on 
a form located in close proximity to the Cold Room, (see 
Fig. 3 for example form). 

d. Laboratory personnel will be responsible for seeing 
that visitors do not come into contact with EPA samples 
unless so authorized by the Sample Custodian. When 
not in use, the laboratories will be locked securely. 

C. CALIBRATION PROCEDURES AND DATA QUALITY REQUIREMENTS 

Analytical standards are prepared from neat compounds or 
purchased from certified suppliers such as Radian Corporation 
or Supelco•. Since the accuracy of the standards determines 
the accuracy of the analysis, great emphasis is placed on the 
proper preparation and use of standards. Logs of the receipt 
and preparation of each stock solution and working standard are 
maintained in the laboratory. Where feasible, aliquots of the 



..., 
X -~= ..., 
CIZ 

~~ 
~ 

&..1..., 

""' a: ~ 

z 
Q 

"" < ..., 
a: 

Q = Q 
u ..., 
= 
-J 
0 = 1-z 
0 u ..., 
-J 
a. 
X 
< ..., 
"" z -~= &..1 

Cl> 
~i ..., 
&..1 = 
~ 
< 
Q 

Q ..., 
> >-

I i= 
I 

..., 
a: 

a: >-..., 

~! 
<:z: = ow 
CC-J <a. 
-J~ 

"" . 

Figure 3. Sample Control Record. 



Martin Marietta Environmenul Systems 

prepared standards are stored, for example, in sealed glass 
ampules. Periodically, old working standards are discarded and 
new standards are opened. Standards from multiple sources are 
contained and compared with each other to check accuracy. 

The precision and accuracy of analyses are assessed by 
analyzing blank samples, spiked samples, duplicate samples, and 
known check samples along with actual samples. Analytical 
blanks, spikes and duplicates comprise 10% of all samples 
analyzed. A minimum of one blank and one duplicate is analyzed 
with each batch of samples. EPA and NBS check samples are 
routinely analyzed with sample batches to internally monitor 
the accuracy of the analyses. 

Within limits imposed by the operations necessary to per­
form individual analyses, statistical tests necessary to verify 
proper analytical function must be performed as early as possible 
in the procedure. This is especially true of any statistical 
test providing a procedural aspect or step upon which all sub­
sequent procedures depend for accuracy, or when the results of 
the statistical test will dictate the direction of the analysis 
(as in the decision to use the standard additions method). 

When practical, a preliminary check of standard curve 
linearity, precision, and sensitivity should be performed either 
before the analysis is continued (manual procedures) or while 
the first samples are being analyzed (automated procedures). 
Results are to be compared to previous and expected results by 
referring to appropriate procedure control charts in individual 
procedure data books. 

Also, before the analysis proceeds any further than neces­
sary beyond the standards set (standards+ associated blanks), 
the detection limit should be computed. This should also be 
compared to previous and expected detection limits. If no 
significant differences are observed, the analysis may be con­
tinued. If a significant difference (a value higher than 
expected on the basis of past and expected performance) is 
observed, additional blanks (3) should be run before proceeding. 
If no improvement is achieved, the analysis must be halted 
until the low-level variability can be reduc~ 

Any analysis not conforming to control limits for precision, 
accuracy, detection limit, or linearity must be halted until the 
remedial action has been taken. Each data sheet includes space 
for entering all information necessary for adequate control of 

.data quality. This includes information regarding indices of 
sensitivity, precision, detection limit, and accuracy achieved 
during that run or batch. 

Specific elements of each standard operating procedure 
vary depending on the analytical methodology. The exact pro­
cedures are detailed in the laboratory manuals. 

8 



Martin Marietta Environmental Systems 

D. ANALYTICAL METHODS 

As judged appropriate and when available, approved EPA 
analytical procedures will be used for water and soil/sediment 
analyses. Martin Marietta Environmental Systems analytical 
chemistry laboratory uses the methods specified in the EPA 
documents listed below for developing project specific measure­
ment procedures: 

1. u.s. Environmental Protection Agency. Test Methods for · 
Evaluating Solid Waste. Physical/Chemical Methods. 
SW-846. Second Edition. 

2. Federal Register. Vol. 49, No. 209. Friday, October 
26, 1984. 40 CFR 136. Guidelines Establishing Test 
Procedures for the Analysis of Pollutants under the 
Clean Water Act: Final Rule and Interim Final Rule and 
Proposed Rule. Appendix A - Methods for Organic Chemical 
Analysis of Municipal and Industrial Wastewater. pp. 
29-174. Appendix B - Definition and Procedure form the 
Determination of Method Detsction Limit. Appendix C -
Inductively Coupled Plasma-Atomic Emission Spectrometric 
Method for Trace Element Analysis of Water and Wastes 
Method. pp. 199-204. 

3. u.s. EPA Contract Laboratory Program. Inorganic Analy­
sis: Multi-Media, Multi-concentration. SOW No. 785 
July 1985. Sample Management Office, Alexandria, VA. 

4. Handbook for Analytical Quality Control in Water and 
Wastewater Laboratories. March 1979. EMSL. EPA-600/ 
4-79-019. 

5. Procedures for Handling and Chemical Analysis of Sedi­
ment and Water Samples. May 1981. u.s. EPA/Corps of 
Engineers. Techn. Rep. EPA/CE-81-1. 

Detailed analytical and OA/OC procedures for the project 
are described in the accompanying standard operating procedures. 
A summary of the proposed methods, data precision, accuracy, 
and completeness objective for this project are presented in 
Table 1. Procedures for analyzing additional parameters will 
be provided as necessary. 

EPA precision and accuracy criteria will be used as guide­
lines for developing the acceptance/rejection criteria for the 
generated data. For any modified EPA methods and EPA methods 
where EPA precision and accuracy criter,ia are not available or 
for any modified EPA methods, Martin Marietta Environmental 
Systems will establish criteria based on expected performance 
as derived from actual historical data and the requirements of 
the project. Expected detection limits will those determined 

9 
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by EPA for the proposed methods, if available, or will be de­
termined by the laboratory as necessary. Detection limits, 
based on historical data are presented in the standard operating 
procedures. 

E. SAMPLE TRACKING AND DOCUMENT CONTROL 

Because sample analysis results may be used as evidence in 
enforcement proceedings, both the preparation and the analysis 
of samples will be documented according to procedures listed 
below. In order to provide accountability of the completed 
analysis records, each item of documentation in a case will be 
inventoried and assigned a serialized numer and an identifier 
associating it to the case and EPA region number, as follows: 

Case number- Region- Serialized Number (e.g., 59-3-0001) 

1. Permanent laboratory notebooks or logbooks will be 
used by all analysts to document qualitative and 
quantitive analytical information. Each page will 
contain information pertaining to one case only. 

2. Where a logbook is not used to document analytical 
work, either forms or computer printouts will be 
used. 

3. A combination of logbooks, standard forms (worksheets), 
and computer printouts are used for documentation 
purposes for each stage of analysis listed below: 

a. Sample Receipt. (See Fig. 2 for example form.) 

b. Sample Preparation. (See Fig. 4 for example 
worksheet. ) 

c. Standard Preparation/Tracking. (See Figs. 5 and 6 
for example worksheets.) 

d. ICP Analysis. (See Figs. 7, 8, and 9 for 
example worksheets.) 

e. Flame, Flameless and Cold Vapor AA Analysis. (See 
Figs. 4, 9, 10, 11, and 12 for example worksheets.) 

f. Non-Metal Inorganics Analysis. (See Fig. 13.) 

g. Data Reduction. (See Fig •. 9.) 

h. Data Reporting. 

10 
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4. All SMO Traffic Reports, logbook pages, forms, bench 
sheets, graphs, computer printouts, chromatograph 
tracings, and other laboratory documents will show 
the EPA case number, the sample number, the date, 
and the signature or initials of the analyst. Other 
pertinent information will also be recorded. 

5. Instrument logs will be maintained for each gas 
chromatograph mass spectrometer (GC/MS), gas 
chromatograph (GC), inductively coupled argen plasma 
unit (ICAP), and atomic absorption unit (AA). See 
Figs. It o..,q 15 for example pages. 

6. Inorganic sample preparation and analysis records 
will be completed on a daily basis. 

7. All documentation shall be in ink. Corrections 
will be made by crossing a single line through the 
error, entering the correct information, dating and 
initially the correction. 

8. A document inventory procedure will be followed at 
the completion of each sample case. The following 
documents will be included in the inventory. 

a. Study plans or project plans. 

b. Sample traffic reports, weekly reports. 

c. Custody records, sample tags, airbills, internal 
custody records. 

d. Laboratory logbooks,· personal logbooks, instrument 
logbooks (or appropriate copies of logbook pages), 
bench sheets. 

e. Laboratory data (sorted by sample), calibration, 
and quality control data results. 

r. Data summaries and reports. 

g. All other documents, forms, or records referencing 
the samples. 

9. All documents will be numbered according to the 
format listed at the beginning of this section. The 
document numbers will appear on the document inventory 
list. 

10. In the event that all case documents are sent to the 
EPA for enforcement or other action, the laboratory 
will retain a copy of the document inventory list 
for that case. 

11 
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12. Case file folders will be prepared such that there 
will be one folder per case, and files will be 
arranged according to the SMO case number. 

a. Each file will contain all documents pertaining 
to the case for that file. 

b. The documents will be arranged by document type, 
e.g., all sample tags together, all traffic 
reports together. 

c. Document case files will be filed in one location 
and stored in a secure area. 

12. Before releasing analytical results, laboratory 
personnel will assemble and cross-check all information 
on all document items to insure consistency throughout 
the file. Also, all data will undergo peer review by 
another chemist to check for nonsense errors, tran­
scriptional errors, and computational errors. The OAC 
will conduct another review. 

13. Any samples or information received with a request 
of confidentially will be handled as "confidential." 
A separate, locked file will be maintained and 
segregated from other non-confidential information. 
The document control officer will log documents 
received into a Confidential Inventory Log. 
Confidential documents may be made available to 
authorized personnel only after it has been signed 
out by the document control officer. All documents 
will be returned to the locked file at the end of 
each day. Reproduction of confidential documents 
must be approved by the document control officer and 
must be kept to a minimum. 

F. MAINTENANCE AND TROUBLESHOOTING 

To obtain good analytical data, all instruments must be 
operating properly at all times. To ensure that instruments are 
operating properly, rigorous maintenance and trouble shooting 
procedures must be followed. 

All laboratory instruments including the ICP, graphite 
furnace, GC, GC/MS, and the ion chromatograph undergo regular 
maintenance as prescribed in the manufacturers operations 
manuals for each of the instruments. An instrument maintenance 
logbook is maintained with each instrument. Trouble shooting 
procedures are also carried out for each instrument according 
to instructions in the operations manual. 

12 
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All instruments are calibrated each day that analyses are 
conducted. Each calibration is made with a blank plus at least 
three to five standards which cover the concentration range of 
the samples. A record is maintained of all instrument calibra­
tions. 

13 
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PREPARATION OF ANALYTICAL SPIKES (PREDIGESTION) FOR ICP ANALYSIS 
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INSTRUMENT CONDITIONS 

HGA APPLICATIONS DATA SHEET 
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Sample Introduction Hold (s) 

Manual: Read 

Automated: Rec. 
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Purge Gas : Int.Flow 
ml/min 

Alternate Gas : Int.Alt. 
ml/min 

Ext.Alt. 
ml/min 

Figure 12. Instrument (AA) Conditions WoDksheet. 
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Martin Marietta Environmental Systems 

Table 1. Proposed Methods, Data Precision, Accuracy and Completeness of 
Objectives for the Analysis of Priority Pollutant Compounds. 

MEniOD REF'ElWICE METHOD CRITERIA 

l?ARA'-IETER MPJ.1UX PRECISICN PC.aJFJCf a:::MPLETENESS 

RSD OF 
EX'IRAC!'ICN/ CO!m'ITATICN SPIKE PERCENT (%) 
PREP ARX!!CN RECDVERIES RECOVERY 

: 
ORGJINICS 

Purgeable PqueaJS (b) EPA 601, 602 + 15 7Q-125 90 
Volatile -- 624<cl -
Organic 
Canpounds (a l Soils/Sludge EPA 601, 602 + 25 60-125 90 -- -624 

kid PqueaJS EPA 625(c), EPA 625<cl + 20 65-120 90 
Extractables 35lo(d), -

352Q(d) 

Soils/Sludge EPA 354Q(d) , EPA 625 + 35 4Q-l60 90 
355Q(dl 

Base/Neutral PqueaJS EPA 625, EPA 625 .:. 35 4Q-160 90 
Extractables 3510, 3520 

Soils/Sludge EPA 3540, EPA 625 + 35 4Q-l60 90 
3550 

Pesticides/ PqueaJS EPA 608<cl, EPA 608<cl + 35 60-140 90 
PCB's 3510,3520 

Soils/Sludge EPA 3540, EPA 608 + 35 4Q-160 90 -3550 

INO~ICS ICP: + 10 85-ll5 -
Metals!b) Pq...:ecus EPA-C!.P' (e) EPA-a..P<el, Fu....,....ace: 90 

200 series< f) 200 series<fl + 15 8Q-120 

I 
and (g) and (g) -

I I 
ICP: + 20 75-125 

! 

Soils/Sludge EPA-a.P, (e) EPA-Q.P(e), - 90 
200 series<fl furnace: 

I and(g) + 25 75-125 -

(a) According to procedures specified in Martin Marietta Environmental Systems Standard Operating 
Procedures 

(b) 

(c) 

(e) 

(f) 

(g) 

Not applicable 
According to procedures specified in the federal Register; v.49(209); Friday, October 26, 

1984. 40 CFR 136, Pppendix A - Methods for Organic Olemical Analysis of Municipal and 
Industrial Wastewater; pp. 29-174 (d) According to procedures specified in Test Methods 
for Evaluating Solid Waste; Physical/Chemical Methods. EPA $W-846. Second Edition. 

EPA Contract Lab ProJram. Inorganic Analysis: Multi-Media, Multi-concentration. s:M 
NO. 784 July 1984 

U.S. Environrrental Protection Pqency. l"ethods for Chemical Analysis of Water and Wastes. 
EPA-600/4-79-020. Revised March 1983. 

federal Register. v.79(209). Friday October 26, 1984. 40 CFR 136, Pppendix C- Inductivelv 
Coooled PlaSITV! At-rYn;,... 1:'...•~~•-- ~----~-

I 

! 



CHAPTER 2 

Methods for Analysis of Inorganics 



SECTION 1 



PROCEDURE FOR DETERMINING PERCENT {%) SOLIDS 

I. Add a small portion (i.e., several grams) of the sample 
to a tared weighing dish with cover. Weigh and record 
the weight. 

II. Cover the dish so that the cover is tipped to allow for 
moisture escape. 

III. Place weighing dish with sample in a drying oven set at 
103° - 105°C. Be sure the area is well ventilated. 

IV. Dry the sample to constant weight. Cool the sample in a 
dessicator with the cover in place before each weighing. 
Record each weight. 

v. Calculate and report data on a dry weight basis. 

VI. Report the percent solids for each sample: 

Sample dry weight 
% Solids = X 100 

Sample wet weight 



SECTION 2 



FURNACE ATOMIC ABSORPTION METHOD FOR 
TRACE ELEMENT ANALYSIS OF WATER, 

WASTEWATER, SEDIMENTS, SLUDGES AND SOILS 

Prepared by 

Mila P. Javellana 

Martin Marietta Environmental Systems 
9200 Rumsey Road 

Columbia, Maryland 21045 

June 1985 
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I. INTRODUCTION 

The technique of flameless atomic absorption using the 
Heated Graphite Atomizer (HGA) provides the means to determine 
metals in quantities as low as lo-12g. 

When using the furnace technique in conjunction with an 
atomic absorption spectrophotometer, a representative aliquot 
of a sample is placed in the graphite tube in the furnace, 
evaporated to dryness, charred, and atomized. As a greater 
percentage of available analyte atoms are vaporized and disso­
ciated for absorption in the tube than the flame, the use of 
small sample_ volumes or detection of low concentrations of 
elements is possible. 

The principle is essentially the same as with direct 
aspiration atomic absorption except a furnace, rather than a 
flame, is used to atomize the sample. Radiation from a given 
excited element is passed through the vapor containing ground 
state atoms of that element. A light beam from a hollow cathode 
lamp whose cathode is made of the element to be determined is 
directed through the center of the graphite tube into a mono­
chromator, and onto a detector that measures the amount of 
light absorbed. Absorption depends upon the presence of free 
unexcited ground state atoms. Since the wavelength of the 
light beam is characteristic of only the metal being determined, 
the light energy absorbed by ground state atoms is a measure of 
the concentration of that metal in the sample. This principle 
is the basis of atomic absorption· spectroscopy. 

The procedures specified in this method are based on the 
following documents: 

t u.s. EPA Contract Laboratory Program, Inorganic Analysis: 
Multi Media, Multi Concentration, sow No. 785 July 
1985. Sample Management Office, Alexandria, VA. 

t Method for Chemical Analysis of Water and Wastes. 
1983. u.s. EPA 600/4-79-020. Environmental Monitoring 
and Support Laboratory, Cincinnati, OH. 

The quality control measures in the Quality Assurance/Quality 
Control for Trace Metal Analysis of Water, Wastewater, Sediments, 
Sludges and Soils by ICPAES and Furnace AA (Chapter 3) will be 
followed. 

I-1 
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II. SAMPLE HANDLING, PRESERVATION AND PREPARATION 

For the determination of trace metals, contamination and 
loss are of prime concern. Dust in the laboratory environment, 
impurities in reagents and impurities on laboratory apparatus 
which the sample contacts are all sources of potential contami­
nation. For liquid samples, containers can introduce either 
positive or ne.gative errors in the measurement of trace metals 
by (a) contributing contaminants through leaching or surface 
desorption and (b) by depleting concentrations through adsorp­
tion. Thus the collection and treatment of the sample prior to 
analysis requires particular attention. The sample bottle 
whether borosilicate glass, polyethylene, polypropylene or 
Teflon should be thoroughly washed with detergent and tap 
water: rinsed with 1:1 nitric acid, tap water, 1:1 hydrochloric 
acid, tap water and finnally deionized distilled water in that 
order, (see Notes 1 and 2). 

Before collection of the sample, a decision must be made 
as to the type of data desired i.e., dissolved, suspended, 
total or total recoverable. For container preference, maximum 
holding time and sample preservation at time of collection 
refer to EPA-600/4-79-020 manual. Drinking water samples con­
taining suspended and settleable material should be prepared 
using the total recoverable metal procedure, as described later 
in this chapter. 

A. WATER AND WASTEWATER 

1. Dissolved Metals 

For the determination of dissolved constituents, the 
sample must be filtered through a 0.45 um membrane filter as 
soon as practical after collection. (Glass or plastic filtering 
apparatus using plain, non-grid marked, membrane filters are 
recommended to avoid possible contamination.) Use the first 
50-100 ml to rinse the filter flask. Discard this portion and 
collect the required volume of filtrate. Acidify the filtrate 
with 1:1 redistilled HNOJ to a pH of <2. Normally, 3 ml of 
(1:1) acid per liter should be sufficient to preserve the sample 
(see Note 3). If hexavalent chromium is to be included in the 
analytical scheme, a portion of the filtrate should be trans­
ferred before acidification to a separate container and analyzed 
as soon as possible using Method 218.4 or 218.5 in EPA-600/4-79-020 
manual. Analyses performed on a sample so treated shall be 
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reported as •dissolved" concentrations. For As and Se analysis, 
the filtrate should be digested with H202 and HN03 according to 
the procedure under Total Recoverable Metals (D). 

2. Suspended Metals 

For the determination of suspended metals, a representative 
volume of unpreserved sample must be filtered through a 0.45 urn 
membrane filter. When considerable suspended material is 
present, as little as 100 ml of a well mixed sample is filtered. 
Record the volume "filtered and transfer the membrane filter 
containing the insoluble material to a 250 ml Griffin beaker 
and add 3 ml cone. redistilled HN03. Cover the beaker with a 
watch glass and heat gently. The warm acid will soon dissolve 
the membrane. Increase the temperature of the hot plate and 
digest the material. When the acid has nearly evaporated, cool 
the beaker and watch glass and add another 3 ml of cone. redis­
tilled HN03. Cover and continue heating until the digestion is 
complete, generally indicated by a light colored digestate. 
Evaporate to near dryness (DO NOT BAKE), add 5 ml distilled 
HN03 (1:1) an~rm the beaker gently to dissolve any soluble 
material. Wash down the watch glass and beaker walls with 
deionized distilled water and filter the sample to remove 
silicates and other insoluble material. Adjust the volume to 
some predetermined value based on the expected concentrations 
of metals present. This volume will vary depending on the 
metal to be determined. The sample is now ready for analysis. 
Concentrations so determined shall be reported as "suspended" 
(see Note 4). For As and Se analysis, the filtrate should be 
digested with H202 and HN03 according to the procedure under 
Total Recoverable Metals (3). 

3. Total Metals 

For the determination of total metals the sample is acidi­
fied with 1:1 redistilled HN03 to a pH of less than 2 at the 
time of collection. The sample is not filtered before processing. 
Choose a volume of sample appropriate for the expected level of 
metals. If much suspended material is present, as little as 
50-100 ml of well mixed sample will most probably be sufficient. 

Transfer a representative aliquot of the well mixed sample 
to a Griffin beaker and add 3 ml of cone. redistilled HN03. 
Place the beaker on a hot plate and evaporate to near dryness 
cautiously, making certain that the sample does not boil. (DO 
NOT BAKE). Cover the beaker with a watch glass and return to 
the hot plate. Increase the temperature of the hot plate so 
that a gentle reflux action occurs. Continue heating, adding 
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additional acid as necessary, until the digestion is complete 
(generally indicated when the digestate is light in color or 
does not change in appearance with continued refluxing). Again, 
evaporate to near dryness and cool the beaker. Add a small 
quantity of redistilled 1:1 HN03 (to obtain 0.5% v/v HN03 in the 
final dilution) and warm the beaker to dissolve any precipitate 
or residue resulting from evaporation. Wash down the beaker 
walls and watch glass with distilled water and filter the sample 
to remove silicates and other insoluble material. Adjust the 
volume to some predetermined value based on the expected metal 
concentrations. The sample is now ready for analysis. Concen­
trations so determined shall be reported as 11 total" (see Note 
4). For As and Se analysis, the filtrate should be digested 
with H202 and HN03 according to the procedure under Total Re­
coverable Metals (D). 

4. Total Recoverable Metals 

To determine total recoverable metals, acidify the entire 
sample at the time of collection with cone. redistilled HN03, 
5 ml/1. At the time of analysis, a 100 ml aliquot of well mixed 
sample is transferred to a beaker or flask. Add 2 ml of 30% 
H202. The sample is heated on a steam bath or hot plate until 
the volume has been reduced to 15-20 ml making certain the 
samples do not boil. After this treatment, the sample is 
filtered (use t40 Whatman filter paper) to remove silicates and 
other insoluble material and the volume adjusted to 100 ml. The 
sample is then ready for analysis. Concentrations so determined 
shall be reported as "total"·(see Note .4). 

Note 1: 

Chromic acid may be useful to remove organic deposits from 
glassware however, the analyst should be cautioned that the 
glassware must be thoroughly rinsed with water to remove the 
last traces of chromium. This is especially important if chrom­
ium is to be included in the analytical scheme. A commercial 
product -- NOCHROMIX -- available from Godax Laboratories, 6 
Varick St., New York, NY 10013, may be used in place of chromic 
acid. [Chromic acid should not be used with plastic bottles.] 

Note 2: 

If it can be documented through an active analytical 
quality control program using spiked samples, reagent and sample 
blanks, that certain steps in the cleaning procedure are not 
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required for routine samples, those steps may be eliminated 
from the procedure. 

Note 3: 

If a precipitate is formed upon acidification, the filtrate 
should be digested for determination of total metals. Also, it 
has been suggested (International Biological Program, Symposium 
on Analytical Methods, Amsterdam, Oct. 1966) that additional 
acid, as much as 25 ml of cone. HCl/liter, may be required to 
stabilize certain types of highly buffered samples if they are 
to be stored for any length of time. Therefore, special precau­
tions should be observed for preservation and storage of unusual 
samples intended for metal analysis. 

Note 4: 

If Sb and Sn are to be determined, use digestates prepared 
for ICP analysis. (Analysis of Trace Metals in Water and Waste 
Water by ICP-AES, MMES SOP Section 3.) 

B. SEDIMENTS, SLUDGES AND SOILS 

1. The acid digestion procedure for trace metals analysis 
in sediments, sludges and soils described in the u.s. 
EPA Contract Laboratory Program, Inorganic Analysis: 
Multi Media Multi Concentration, sow No. 785, July 
1985 will be followed (Appendix A). 

2. The quality control measures in the Quality Assurance/ 
Quality Control for Trace Metal Analysis of Water and 
Wastewater by ICPAES and Furnace AA will be followed. 
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III. INTERFERENCES 

Although the problem of oxide formation is greatly reduced 
with furnace procedures because atomization occurs in an inert 
atmosphere, the technique is still subject to chemical and 

.matrix interferences. The composition of the sample matrix can 
have a major effect on the analysis. It is those effects which 
must be determined and taken into consideration in the analysis 
of each different matrix encountered. 

To help verify the absence of matrix or chemical interfer­
ence, use the following procedure. Withdraw from the sample 
two equal aliquots and dilute with a H20 to the same predeter­
mined volume. [The dilution volume should be based on the 
analysis of the undiluted sample. Preferably, the dilution 
should be 1:4 while keeping in mind the optimum concentration 
range of the analysis. Under no circumstances should the 
dilution be less than 1:1.] The diluted and unspiked aliquots 
should then be analyzed. The unspiked results, when multiplied 
by the dilution factor, should be compared to the original 
determination. Agreement of the results (within +10%) indicates 
the absence of interference. Comparison of the actual signal 
from the spike to the expected response from the analyte in an 
aqueous standard should help confirm the finding from the 
dilution analysis. Those samples which indicate the presence 
of interference, should be treated in one or more of the 
following ways. 

a. The samples should be successively diluted and reana­
lyzed to determine if the interference can be eliminated. 

b. The matrix of the sample should be modified in the 
furnace. Examples are the addition of ammonium nitrate 
to remove alkali chlorides, ammonium phosphate to retain 
cadmium, and nickel nitrate for arsenic and selenium 
analyses [ATOMIC ABSORPTION NEWSLETER Vol. 14, No. 5, 
p 127, Sept-Oct 1975.] The mixing of hydrogen with 
the inert purge gas has also been used to suppress 
chemical interference. The hydrogen acts as a reduc­
ing agent and aids in molecular dissociation. 

c. Analyze the sample by method of standard additions 
while noting the precautions and limitations of its 
use (see section on Method of Standard Addition, 
Section V). 
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Additional Interferences 

1. Gases generated in the furnace during atomization may 
have molecular absorption bands encompassing the 
analytical wavelength. When this occurs, either the 
use of background correction or choosing an alternate 
wavelength outside the absorption band should eliminate 
this interference. Non-specific broad band absorption 
interference can also be compensated for with back­
ground correction. 

2. Interference from a smoke-producing sample matrix can 
sometimes be reduced by extending the charring time at 
a higher temperature or utilizing an ashing cycle in 
the presence of air. Care must be taken, however, to 
prevent loss of the analysis element. 

3. Samples containing large amounts of organic materials 
should be oxidized by conventional acid digestion prior 
to being placed in the furnace. In this way, broad 
band absorption will be minimized. 

From anion interference studies in the graphite furnace, 
it is generally accepted that nitrate is the preferred 
anion. Therefore nitric acid is preferable for any 
digestion or solubilization step. If another acid in 
addition to HN03 is required, a minimum amount 
should be used. This applies particularly to hydro­
chloric and to a lesser extent to sulfuric and phosphoric 
acids. 

4. Carbide formation resulting from the chemical environ­
ment of the furnace has been observed with certain 
elements that form carbides at high temperatures. 
Molybdenum may be cited as an example. When this 
takes place, the metal will be released very slowly 
from the carbide as atomization continues. For molybdenum, 
one may be required to atomize for 30 seconds or more 
before the signal returns to baseline levels. This 
problem is greatly reduced and the sensitivity increased 
with the use of pyrolytically-coated graphite. 

5. Ionization interferences have not been reported to date 
with furnace techniques. 

6. Although quite rare, spectral interference can occur 
when an absorbing wavelength of an element present in 
the sample but not being determined falls within the 
width of the absorption line of the element of interest. 
The results of the determination will then be erroneously 
high, due to the contribution of the interfering element 
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to the atomic absorption signal. Also, interference 
can occur when resonant energy from another element 
in a multi-elment lamp or a metal impurity in the lamp 
cathode falls within the bandpass of the slit setting 
and that metal is present in the sample. This type 
of interference may sometimes be reduced by narrowing 
the slit width. 

7. Contamination of the sample can be a major source of 
error because of the extreme sensitivities achieved 
with the furnace. The sample preparation work area 
should be kept scrupulously clean. All glassware 
.should be cleaned as directed in the following section. 
Pipet tips have been known to be a source of contamina­
tion. If suspected, they should be acid soaked with 
1:5 HN03 and rinsed thoroughly with tap and deionized 
water. The use of a better grade pipet tip can greatly 
reduce this problem. It is very important that special 
attention be given to reagent blanks in both analysis 
and the correction of analytical results. Lastly, 
pyrolytic graphite because of the production process 
and handling can become contamina~ed. As many as five 
to possibly ten high temperature burns may be required 
to clean the tube before use. 
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IV. REAGENTS, STANDARDS, AND QC STANDARDS 

A. Deionized Distilled Water 

Prepare by passing distilled water through a mixed bed of 
cation and anion exchange resins. Use deionized distilled 
water for the preparation of all reagents, calibration standards, 
and as dilution water. 

B. Acids 

Acids used in the preparation of standards and for sample 
preparation must be ultra high purity grade or equivalent. 

1. Nitric Acid, cone.: (sp. gr. 1.41). 

2. Nitric Acid (1:1): Prepare a 1:1 dilution with deionized, 
distilled water by adding the cone. acid to an equal 
volume of water. 

3. Hydrochloric acid (1:1): Prepare a 1:1 solution using 
reagent grade hydrochloric acid and deionized, distilled 
water. 

C. Source of Standards 

1. OA/QC - EPA 

2. Stock - Scientific/chemical warehouses, approved/ 
certified standards. 

D. Standard Stock Solution 

Stock standard solutions are prepared from high purity 
metals, oxides or nonhygroscopic reagent grade salts using 
deionized distilled water and redistilled nitric or hydrochloric" 
acids. (See individual analysis sheets for specific instruction.) 
Sulfuric or phosphoric acids should be avoided as they produce 
an adverse effect on many elements. The stock solutions are 
prepared at concentrations of 1000 mg of the metal per liter. 
Commercially available standard solutions may also be used. 
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Prepare a blank and at least three calibration standards 
in graduated amounts in the appropriate range. Calibration 
standards for furnace procedures should be prepared as described 
on the individual sheets for that metal. 

E. Blanks 

Two types of blanks are required for the analysis. 

1. The Calibration Blank 

The calibration blank is used in establishing the 
analytical curve. It should be prepared as described 
in the individual method sheets for the metal. 

2. The Reagent Blank 

The reagent blank is used to correct for possible 
contamination resulting from varying amounts of the 
acids used in the sample processing. It must contain 
all the reagents in the same volumes as used in the 
processing of the samples. The reagent blank must be 
carried through the complete procedure. 

F. Instrument Check Standard 

The instrument check standard for continuing calibration 
verification is prepared by the analyst at a concentration 
equivalent to the mid-point of their respective calibration 
curves. 

G. Quality Control Sample 

The quality control sample for the initial calibration 
verification should be prepared in the same acid matrix as the 
calibration standard. This is obtained from EPA if available 
(Tel (513)684-7325). If a certified solution is not available 
from EPA or any source, analysis shall be conducted on an 
independent standard at a concentration other than that used 
for calibration, but within the calibration range. 

IV-2 



Martin Marietta Environmental Systems 

H. Spikes 

All furnace analyses for each sample will require at least 
a single analytical spike to determine if Method of Standard 
Addition will be required for quantitation. Refer to page 10 
of Quality Assurance/Quality Control for Trace Metal Analysis 
of Water and Wastewater by ICP-AES and Furnace AA. 
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V. METHOD OF STANDARD ADDITIONS 

For additional procedures, refer to Section 5 of this 
manual (Quality Assurance/Quality Control for Trace Metal 
Analysis of Water, Wastewater, Sediments, Sludges and Soils 
by ICP-AES and Furnace AA). 

Where the sample matrix is so complex that viscosity, 
surface tension and components cannot be accurately matched 
with standards, the method of standard addition must be used. 
This technique relies on the addition of small, known amounts 
of the analysis element to portions of the sample -- the 
absorbance difference between those and the original solution 
given the slope of the calibration curve. The method of standard 
addition is described in greater detail in the following 
par~graph. 

In this method, equal volumes of sample are added to a 
deionized, d.istilled water blank and to three standards contain­
ing different, known amounts of the test element. The volume 
of the blank and the standards must be the same. The absorbance 
of each solution is determined and then plotted on the vertical 
axis of a graph, with the concentrations of the known standards 
plotted on the horizontal axis. When the resulting line is 
extrapolated back to zero absorbance, the intersection of the 
line and the abscissa corresponds to the concentration of the 
unknown. (The abscissa to the left of the ordinate is scaled 
the same as the right side). An example of a plot so obtained 
is shown in Fig. V-1. 

The method of standard additions can be very useful. 
However, for the results to be valid the following limitations 
must be taken into consideration: 

a. The absorbance plot of sample and standards must be 
linear over the concentration range of concern. For 
best results the slope of the plot should be nearly 
the same as the slope of the aqueous standard curve. 
If the slope is significantly different (more than 
20%) caution should be exercised. 

b. The effect of the interference should not vary as the 
ratio of analyte concentration to sample matrix changes 
and the standard addition should respond in a similar 
manner as the analyte. 
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VI. EQUIPMENT 

The equipment used for trace metals analysis by furnace 
atomic absorption technique is listed below: 

A. Perkin Elmer Model 5000 AA spectrometer 

• Microprocessor - controlled atomic absorption 
spectrophotometer 

• Double-beam instrument 

• Monochromator grating 

• Photomultiplier detector 

• Adjustable slits 

• Wavelength range of 190-800 nm 

• Direct concentration read-out 

• Peak height/peak area measurements. 

B. Perkin Elmer HGA 500 Graphite Furnace 

• Furnace Assembly 

• Temperature Control Assembly 

• Argon gas supply 

• HGA 500 programmer 

C. AS-40 Auto-sampler 

D. Data Station 3600 

E. HGA Graphics Software 

F. PR-100 Printer 

G. Hollow Cathode Lamps (HCl} 

H. Electrodeless Discharge Lamps (EDL} 

I. RF Generator for EDL lamps 

J. Pyrolytically Coated Tubes 
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K. L'vov Platform - provides a uniform thermal environment, 
thus significantly reduce interferences. 

L. Pipets: Microliter with disposal tips. Sizes can 
range from 5 to 100 microfilters as required. NOTE 7: 
Pipet tips which are white in color, do not contain 
CdS, and have been found suitable for research work 
are available from Ulster Scientific, Inc. 53 Main 
St., Highland, NY 12528 (914)691-7500. 

M. Glassware: All glassware, linear polyethylene, poly­
proplyene or Teflon containers including sample 
bottles, should be washed with detergent, rinsed with 
tap water, 1:1 nitric acid, tap water, 1:1 hydrochloric 
acid, tap water and deionized distilled water in that 
order. [See Notes 1 and 2 under Sample Handling and 
Preservation concerning the use of chromic acid and 
the cleaning procedure.] 

N. Micropipets with disposable tips: Pipet tips which 
are white in color do not contain CdS, and have been 
found suitable for research work. They are available 
from Ulster Scientific, Inc., 53 Main St., Highland, 
NY 12528 (914)691-7500. Blue colored pipet tips are 
reported to contain traces of cadmium. It is recom­
mended to soak colored pipet tips in 20% HN03 and 
thoroughly rinse with DI water before using. 
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VII. SYSTEM OPERATION 

Operating Instructions for the Perkin-Elmer AA 5000/HGA 500 
Graphite Furnace Instrument 

The temperature settings and other instrument conditions 
are listed on the individual analysis sheet. For more information 
about system set-up, refer to section 4 of Perkin Elmer HGA-500 
Operators Manual. 

A. PRELIMINARY SET-UP 

1. Turn on Argon gas supply and set inlet pressure at 
approximately 45 psi. 

2. Turn on the water coolant supply. 

3. Install the required EDL (warm up time is 30 min) or a 
hollow cathode lamp. 

4. AA 5000 

• Switch the power on 

• Switch from STANDBY to RUN position 

• Switch control to AA mode (found in lamp compartment) 

• Depress CONT, 0.2 TIME, LAMP number/for lamp location 
in turret 

• Select low slits 

• Enter lamp current when using hollow cathode lamp 

• Set the wavelength 

B. ALIGNMENT 

1. Press SET UP on AA 5000 keyboard 

2. Adjust two knobs on lamp mount until display reads 
a maximum of betwen 49-99. If the reading reaches 99 
then depress GAIN button to adjust midrange. Continue 
adjustment to reach maximum. 
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3. Focus lamp by. moving in and out to obtain highest 
reading. 

4. Remove windows from furnace. Clean with kimwipe soaked 
in alcohol. Dry. 

s. Open furnace by moving the switch FURNACE OPEN to the 
right. Place the pyrolytically coated tube. Close 
furnace. 

6. Swing furnace assembly out of the optical ~ath and 
depress AZ. 

7. Swing furnace back to its normal position. 

a. If the display shows absorbance readings, it means 
furnace is not aligned. Adjust the vertical adjust 
control, horizontal (front-back) adjust contro and­
lever to align furnace. Normally 0.000 absorbance 
reading is obtained. 

9. Depress AZ 

10. Put windows back in. Normally a 0.085 to .100 
absorbance reading is obtained due to the windows. 

11. Enter 1, depress STO to store program. 

c. AS-40 Programmer 

1. Power on- by default it goes to standby mode. 

2. Wait for 4 cycles of flushing to finish -- be sure that 
the flushing liquid reservoir is £illed with DI water. 
To do more flushing, simply turn off and back on again 
the power. 

3. Align the sampling capilliary tip (refer to see 2.3 of 
AS-40 Operators Manual) 

4. Enter parameters: 

• Sample volume (default is 20 ~1) 

• Alternate volume - used for matrix modifier 

• Method # (default is 1) 

e Last Sample (default is 35) 

, INSTRUMENT PROG (number used to store program in 
AA 5000) -
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• HGA PROGRAM (number to be used to store program in 
HGA 500) 

• Reslope or recalibrate by using RECAL A, RECAL a, 
RECAL c. Find switch on the back of programmer to 
select reslope or recalibrate. Enter sample t 
desired for location of Reslope/Recalibrate to take 
place. 

D. HGA-500 PROGRAMMER 

1. Power on (before doing this, make sure that the 
AS-40 programmer is on STAND-BY mode). 

2. Depress STANDBY to turn programmer into the programming 
mode. 

3. ENTER PARAMETERS (refer to parameters listed on individual 
element analysis sheet). 

4. 0 Read means the instrument will start reading as soon as 
atomization step starts. -1 Read means the instrument 
will start reading 1 sec before atomization step. -3 
BASELINE means it will read the baseline 3 seconds 
before atomization step and ends before the time READ 
starts. 

5. Enter number, depress STO to store. 

6. Condition brand new tube by heating up the furnace 
gradually to 2650°C. A ramp time between 60 and 
100 seconds from room temperature is recommended. 
Then reheat for a few seconds at 2650°C. 

7. For used graphite tube, depress MANUAL to burn it 
out, for 5 seconds. 

8. Press MANUAL to check the background. Observe the 
reading on AA 5000 display, while depressing MANUAL. 
Any absorbance reading indicates contaminacion on 
the tubes (when doing this the AA-BG should not be on). 

9. Calibrate Furnace Temperature: 

• Enter atomization temperature 

• Press manual on HGA programmer. While pressing 
MANUAL, adjust CAL variable control (to calibrate 
the optical sensor) on front of furnace until 
red and green lights come on simultaneously. 
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• Enter atomization tempe~ature again and recheck 
calibration. Allow few seconds for furnace to 
heat up. 

E. AA 5000 INSTRUMENT SET-UP FOR INVESTIGATION UTILIZING 
HGA GRAPHICS 

1. Depress AA-BG 
2. Depress AZ 
3. Depress HOLD, then PRINT 
4. Depress PEAK AREA 
s. Enter~ in second (4 sec. is usually used). 
6. Enter 1, then press STO to store. 

F. HGA GRAPHICS, FOR INVESTIGATION (SEE NOTE 1). For more 
information about the HGA graphics software, refer to the 
P-E HGA Graphics Instruction Manual). 

1. Turn on Data Station. 
2. Enter time and date. 
3. Place HGA graphics disk in drive 0. 
4. Type in DATA, depress RETURN. 
s. Enter parameters (use HGA graphics overlay). 

• Depress NEW DISC when desired to erase the previous 
data. 

• ~epress OLD DISC when desired to retain the previous 
content. This will not store the new parameters 
entered. 

6. Depress COLLECT DATA, RETURN. 

Note 1 - Four programs are available on the HGA graphics 
software, namely: 

a. DATA This program receives the raw data, does the 
baseline correction, stores it on disk, and 
plots it on the screen of the CRT. 

b. PLOT This program takes fron one to three sets of 
data stored on disk and plots them on the CRT 
screen. Scaling is under operator control 
and can be readily changed. 

c. GRAPH This program plots any numer of data sets 
from one or more disks on the graphics plotter. 
A wide variety of different formats is 
possible. 
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This program calculates peak height and peak 
area from data stored on disk and prints them 
on a printer or letters them on an optional 
graphics plotter. 

G~ METHOD DEVELOPMENT RUN WITH HGA GRAPHICS: 

• Place blank, standards, samples and spiked samples on 
tray (Method #1 tray). 

• Depress RESET On AS-40 programmer to positi9n sampling 
tip on AZ (blank) position. 

4 Push START/STOP button on AS-40 - this will withdraw 
solution from AZ position. 

o To stop the cycle, push START/STOP before the cycle is 
complete. 

• If not stopped before the end of cycle, it will 
automatically run the solution on Sl position {if #STD 
on AS-400 programmer is lit) or will go to sample tl 
position and so on. 

• To use the MANUAL mode, depress the no., then MANUAL. 
Number 41 is position Sl on tray. Number 1 is position 
1 on tray. 

o After the cycle, the plot is displayed on the CRT screen. 

• Push any key to get out of COLLECTION DATA mode. 

H. FINAL AA 5000 INSTRUMENT SET-UP 

1. Depress HOLD (at this point sample label no. 1 may be 
entered before depressing PRINT). 

2. Depress PRINT. 

3. Depress CONC. 

4. Enter 2, depress AVG {for 2 replicates). 

5. Enter concentration of calibration standard{s) and 
depress Sl for std. no. 1 (lowest concentration). 

6. The following should still be on: SLIT L, AA-BG and 
wavelength. 

7. Enter time in seconds, depress t. {Refer to individual 
analysis sheet for this parameter.) 
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8. Enter 1, depress STO to store. 

I. PRINT SOFTWARE (this will print results on printer). 

1. Place "Print" disk in drive 0. 
2. Enter time and date. 
3. Type "PRINT" and depress RETURN. 
4. Turn on printer-100. 
5. Follow prompts on screen. 

J. ANALYSIS RUN 

1. Place blank, standard(s) and samples on Tray *1 for 
Method 1. Refer to AS-40 Autosampler Operators Manual, 
Section 1.4 for detailed description of the 3 different 
analytical methods. Methods 2 and 3 are utilized for 
method of additions techniques. 

2 Push RESET button AS-40 programmer. 

3. Push START/STOP button. 

VII-6 



Martin Marietta Environmental Systems 

VIII. FURNACE OPERATING PARAMETERS FOR INDIVIDUAL 
METAL ANALYSIS 

A. ARSENIC 

(Atomic Absorption, furnace technique) 

Optimum Concentration range: 
Approximate Detection limit: 

5-100 l!g/1 
1 l!g/1 

Preparation of Standard Solution: 

1. Stock solution: Dissolve 1.320 g of Arsenic trioxide, 
As203 (analytical reagent grade) in 100 ml of deionized 
distilled water containing 4g NaOH. Acidify the solu­
tion with 20 ml cone. HN03 and dilute to 1 liter. 
Final concentration of As = 1000 mg/1. 

2. Nickel Nitrate Solution, 5%: Dissolve 24.78 g of ACS 
reagent grade (Ni(N03)2) .6H20 in deionized distilled 
water and make up to 100 ml. 

3. Nickel Nitrate Solution, 0.4%: Dilute 8 ml of the 5% 
nickel nitrate to 100 ml with deionized distilled water. 

4. Working Arsenic Solution: Prepare dilutions of the 
stock solution to be used as calibration standards at 
the time of analysis. The calibration standards must 
be prepared using the same type of acid and at the 
same concentration as will result in the sample to be 
analyzed after sample preparation. 
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Element: Arsenic 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 
193.7 nrn. 
0.7L 
EDL 
8w 

Background Correction?: yes 

B. Read-out parameter 

Peak area1 time: 4 sec 
Peak height; time: 

C. HGA Parameters 

Purge gas: argon 
Graphite tube: 
Sample aliquet: 

pyrocoated/L'vov platform 
20 

Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

0.05 ~g/ml, 0.02 ~g/ml, 0.01 
~g/ml, Blank 
NiN03 ( 0. 4%) 
5 ul 
automated 
2 

D. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C 200 500 1500 2500 2650 
Ramp(s) 1 10 10 1 1 
Hold(s} 30 23 28 4 5 
Read -1 
Baseline -4 
Internal flow 0 
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B. CADMIUM 

(Atomic Absorption, furnace technique) 

Optimum Concentration range: 
Approximate Detection Limit: 

0.5-10 llg/ml 
0.1 l!g/1 

Preparation of Standard Solution: 

1. Stock Solution: Carefully weigh 2.282 g of Cadmium 
Sulfate (3 Cd S04.8H20, analytical reagent grade) and 
dissolve in deionized distilled water. Make up to 1 
liter with deionized distilled water. Final concen­
tration of Cd = 1000 mg/1. 

2. Ammomium phosphate solution (4%). Dissolve 4 grams of 
Ammonium phosphate (NH4l2HP04 (analytical reagent 
grade) in deionized distilled water and dilute to 100 
ml. 

3. Prepare dilutions of stock cadmium solution to be used 
as calibrated standards at the time of analysis. The 
calibration standards must be prepared using the same 
type of acid and at the same concentration as will 
result in the sample to be analyzed after sample 
preparation. 
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Element: Cadmium 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
228.8 nm. 
0.7L 
EDL 
5 w 

Background Correction?: yes 

B. Read-out parameter 

Peak area; time: 
Peak height~ time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

4 sec 

argon 
pyrocoated with L'vov platform 
20 lll 
0.01 lJg/ml, 0.005 lJg/ml, 
0.002 lJg/ml, Blank 
(NH4)2 HP04 (4%)/MgN03(0.4%) 
5 ul 
automated 
2 

D. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C 210 500 900 2000 2650 
Ramp(s) 1 15 10 0 1 
Hold(s) 40 15 40 4 5 
Read -1 
Baseline -4 
Internal flow 10 
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C. LEAD 

(Atmoic Absorption, furnace technique) 

Optimum Concentration Range: 
Approximate Detection Limit: 

5-10 lJg/1 
1 lJg/1 

Preparation of Standard Solution: 

1. Stock solution: Carefully weigh 1.599 g of lead 
nitrate, Pb(NOJ)2, (analytical reagent grade) and 
dissolve in deionized distilled water. When solution 
is completely dissolved, acidify with 10 ml redistilled 
HN03 and dilute to 1 liter with deionized distilled 
water. Final concentration = 1000 mg/1. 

2. Ammonium Phosphate solution (4%): Dissolve 4 grams of 
ammonium phosphate, (NH4) HP04 (analytical reagent 
grade) in deionized distilled water and dilute to 100 ml. 

3. Working Lead solution: Prepare dilutions of stock 
lead solution to be used as calibration standards at 
the time of analyses. The calibration standards must 
be prepared using the same type of acid and at the 
same concentration as will result in the sample to be 
analyzed after samples preparation. 
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Element: Lead 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
283.3 
0.7L 
EDL 

Background Correction?: yes 

B. Read-out parameter 

Peak area; time: 
Peak height; time: 

c. HGA Parameters. 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

3 sec 

argon 
pyrocoated with L'vov platform 
20 l!l 
0.05 l!g/ml, 0.02 l!g/ml, 
0.010 ~g/ml, Blank 
Ammo.nium Phosphate ( 4%) 
5 ul 
automated 
2 

D. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C 200 850 2100 2650 20 
Ramp(s) 1 10 0 1 1 
Hold(s) 30 60 4 4 5 
Read 0 
Baseline -3 
Internal flow 0 
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D. NICKEL 

(Atomic Absorption, furnace technique) 

O~timum Concentration Range: 
Approximate Detection Limit: 

Preparation of Standard: 

5-100 JJg/1 
1 JJg/1 

1. Stock solution: Carefully weigh 1.000 g ol nickel 
metal in 10 ml hot cone. HN03 , cool and dilute to 1000 
ml with deionized, distilled water. 

2. Magnesium nitrate (0.5%): Dissolve 0.5 grams of MgN03 
in 1 ml HN03 and distilled water. Dilute to 100 ml. 

3. The calibration standards must be prepared using the 
same type of acid and at the same concentrations as 
will result in the sample to be a·nalyzed after sample 
preparation. 
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Element: Nickel 
Instrumental/HGA Parameters 

Instrumental Model: 
Wavelength: 

Perkin Elmer AA 5000 with HGA 500 
232.0 

Spectral band width: 0.2L 
Light source: HCl 
Current/watts: 

Background Correction?: yes 

B. Read-out parameter 

Peak area7 time: 
Peak height7 time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

5 sec 

argon 
pyrocoated/L'vov platform 
10 lll 
0.05 llg/ml, 0.02 llg/ml, 
0.010 llg/1, Blank 
MgN03 (0.5%) 
10 ul 
automated 
2 

D. Keyboard entries for temp/time programing 

Step 1 2 3 4 

Temp°C 210 500 1400 2400 
Ramp(s) 1 15 10 0 
Hold(s) 40 15 23 4 
Read -1 
Baseline -3 
Internal flow 0 

VIII-8 

5 

2650 
1 
5 

6 

30 
1 

10 



Martin Marietta Environmental Systems 

E. SELENIUM 

(Atomic Absorption, furnace technique) 

Optimum Concentration Range: 5-100 lJg/1 
2 lJg/1 Approximate Detection Limit: 

Preparation of Standard Solution: 

1. Stock Selenium solution: 
acid (actual.assay 94.6% 
water and make up to 200 
Se = 1000 mg/1. 

Dissolve 0.3453 g of selenous 
H2Se03) in deionized distilled 
ml. Final concentration of 

2. Nickel Nitrate solution, 5%: Dissolve 24.780 g of ACS 
reagent grade Ni(N03)2. 6H20 in deionized distilled 
water and make up to 100 ml. 

3. Nickel Nitrate solution, 0.4%: Dilute 8 ml of the 5% 
nickel nitrate to 100 ml with deionized distilled water. 

4. Working Selenium solution: Prepare dilutions of the 
stock solution to be used as calibration standards at 
the time of analysis. The calibration standards must 
be prepared using the same type of acid at the same 
concentration as will result in the samples to be 
analyzed after sample preparation. 
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Element: Selenium 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light. source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
196.0 
2.0L 
EDL 
6 w 

Background Correction?: yes 

B. Read-out parameter 

Peak area: time: 
Peak height: time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquot: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

4 sec 

argon 
pyrocoated with L'vov platform 
20 
0.05 ~/ml, 0.020 iJg/ml, 
0. 01 iJg/ml, a lank 
NiN03 (0.4%) 
5 ul 
automated 
2 

o. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C 200 800 2200 2650 20 
Ramp(s) 1 40 0 1 1 
Hold(s) 30 23 4 4 5 
Read 0 
Baseline -3 
Internal flow 0 

VIII-10 



Manin Marietta Environmental Systems 

F. SILVER 

(Atomic Absorption, furnace technique} 

Optimum Concentration Range: 
Approximate Detection Limit: 

1-25 l!g/1 
0.2 l!g/1 

Preparation of Standard Solution 

1. Stock Solution: Dissolve 1.575 g of AgN03 (analytical 
reagent grade) in deionized distilled water, add 10 ml 
cone. HN03 and make up to 1 liter. Final concentration 
of Ag = 1000 mg/1. 

2. Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. These 
solutions are also to be used for "standard additions." 

3. The calibration standards must be prepared using the 
same type of acid and at the same concentration as 
will result in the sample to be analyzed after sample 
preparation. 
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Element: Silver 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
328.1 nm 
0.7L 
Hallow Cathode Lamp 
10 MA 

Background Correction?: yes 

B. Read-out parameter 

Peak area; time: 

Peak height; time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquot: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

5 sec 

argon 
pyrocoated with L'vov platform 
10 lll 
0.050 llg/ml, 0.020 lJg/ml, 
0.01 ~g/ml, Blank 
none 
none 
automated 
2 

D. Keyboard entries for temp/time programming 

Step 1 2 3 4 5 

Temp°C 200 600 1900 2650 20 
Ramp(s) 1 25 0 1 1 
Hold(s) 25 35 5 5 10 
Read -1 
Baseline -4 
Internal flow 0 
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G. TIN 

(Atomic Absorption, furnace technique 

Optimum Concentration Range: 
Approximate Detection Limit: 

20-300 llg/1 
5 llg/1 

Preparation of Standard Solution: 

1. Stock solution: Dissolve 1.000 g of tin metal 
(analytical reagent grade) in 100 ml. of cone. HCl 
and dilute to 1 liter with deionized distilled water. 
Final concentration of Sn = 1000 mg/1. 

2. Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. The 
calibration standards should be prepared using the 
same type of acid and at the same concentration. as 
will result in the sample to be analyzed after sample 
preparation. These solution are also to be used for 
•standard additions.• 

3. Ammomium Phosphate solution (4%) and 0.4% MgN03 
solution: Dissolve 4 grams of ammonium phosphate, 
(NH4)2 HP04, (analytical reagent grade) and 0.4 g of 
MgN03 in deionized distiled water and dilute to 100 ml. 
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Element: Tin 
Instrumental/HGA Parameters 

Instrumental Model: 
wavelength: 

Perkin Elmer AA 5000 with HGA 500 
22456 run 

Spectral band width: 0.7L 
Light source: EDL 
Current/watts: 8 Watts 

Background Correction?: yes 

B. Read-out parameter 

Peak area; time: 
Peak height; time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

4 sec 

argon 
pyrocoated with L'vov platform 
20 IJl 
0.10 JJg/ml, 0.04 JJg/ml, 
0.020 JJg/ml, Blank 
4% (NH4}2 HP04/0.4% MgN03 
5 ul 
automated 
2 

D. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C "200 1000 2100 2650 20 
Ramp(s} 1 10 0 1 1 
Hold(s} 30 23 4 4 5 
Read 0 
Baseline -3 
Internal flow 0 
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IX. HELPFUL POINTS 

The following are helpful points when using the furnace 
technique: 

'Background Correction 

With flameless atomization, background correction becomes 
of high importance especially below 350 nm. This is because 
certain samples, when atomized, may absorb or scatter light 
from·the hollow cathode lamp. It can be caused by the presence 
of gaseous molecular species, salt particles, or smoke in the 
sample beam. If no correction is made, sample absorbance will 
be greater than it should be, and the analytical result will be 
erroneously high. 

Memory Effects 

If during atomization all the analyte is not volatilized 
and removed from the furnace, memory effects will occur. This 
condition is dependent on several factors such as the volatility 
of the element and its chemical form, whether pyrolytic graphite 
is used, the rate of atomization and furnace design. If memory 
effects are detected through blan~ burns, the tube should be 
cleaned by operating the furnace at full power for the required 
time period as needed at regular intervals in the analytical 
scheme. 

Feedback Temperature Control 

The Perkin Elmer HGA - 500 graphite furnace is equipped 
with feedback temperature control. It gives faster rates of 
atomization and can be operated using lower atomization 
temperatures for shorter time periods. 
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Dilution 

Inject a measured microliter aliquot of sample into the 
furnace and atomize. If the concentration found is greater 
than the highest standard, the sample should be diluted in· the 
same acid matrix reanalyzed. 

Interference 

To verify the absence of interference, refer to Inter­
ferences, Chapter III. 

Check Standard 

A check standard should be run approximately after every 
10 sample injections. Standards are run in part to monitor 
life and performance of the graphite tube. Lack of reproducibility 
or significant change in the signal for the standard indicates 
that the tube should be replaced. Even though tube life depends 
on sample matrix and atomization temperature, a conservative 
estimate would be that a tube will last at lest SO firings. A 
pyrolytic-coating would extend that estimate by a factor of 3. 

Check List for the Proper Use of Graphite Tubes 

(Refer to (Appendix B) •Analytical Lifetime of Graphite 
Tubes -The Checklist•, R. Lehmann, et al., Perkin-Elmer Atomic 
Spectroscopy Applications Laboratory) 
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X. CALCULATIONS 

For determination of metal concentration by the furnace: 
Read the metal value in ug/1 from the calibration curve or 
directly from the readout system of the instrument. 

• If different size furnace injection volumes are used for 
samples than for standards: 

s 
ug/1 of metal in sample = Z 

where: 

u 

Z • ug/1 of metal read from calibration curve 
or readout system 

S = ul volume standard injected into furnace 
for calibration curve 

U = ul volume of sample injected for analysis 

• If dilution of sample was required but sample injection 
volume same as for standard: 

ug/1 of metal in sample = Z 
C + B 

c 

where: 

Z = ug/1 metal in diluted aliquot from calibration 
curve 

B = ml of deionized distilled water used for 
dilution 

C = ml of sample aliquot 

For sample containing particulates: 

zv 
ug/1 of metal in sample = -c 

X-1 
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Z = ug/1 of metal in processed sample from 
calibration curve 

V = final volume of processes sample in ml 
C = ml of sample aliquot processed 

For solid samples: Report all concentrations as mg/kg dry 
weight. 

Dry sample: 

zv 
mg metal/kg sample = 

where: 

1,000.0 

Z a ug/1 of metal in processed sample from 
calibration curve 

V = final volume of processed sample in ml 
D = weight of dry sample in grams 

Wet sample: 

where: 

zv 
mg metal/kg sample = 

lOOO•W•P 

Z = ug/1 of metal in processed sample from 
calibration curve 

V = final volume of processed sample in ml 
W = weight of wet sample in grams 
P = % solids 
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XI. ROUTINE MAINTENANCE AND TROUBLESHOOTING 

HGA-500 Graphite Furnace 

• The HGA-500 is protected against any kind of false 
operations. Incorrect programming or operation steps 
are indicated by specific error codes on th~ temperature 
display. (See Section 2.3 of P.E. HGA-500 Graphite 
Furnace Operator's Manual.) 

o Routine Maintenance - (See Section 6 of P.E. HGA-500 
Graphite Furnace Operator's Manual and Section 8 of 
General Information Section and Analytical Methods for 
Furnace AAS Manual). 

AS-40 Auto Sampler 

o The AS-40 auto sampler requires little maintenance 
other than to keep it clean and free of dust. (See 
Section 9 of AS-40 Auto Sampler Instruction Manual for 
routine maintenance and troubleshooting.) 
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APPENDIX A 

(Excerpt from EPA SOW No. 785) 
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2. 

3. 

4. 

Scoce and Acolication 

' 1.1 This method is an acid digestion procedure used co prepare sediments, 
sludges, and soil samples for analysis by flame or furnace atomic 
absorption spec~roscopy (AAS) or by induc~ively coupled argon plasma 
spec~roscopy (ICP). Samples prepared by chis method may be analyzed 
by AAS or ICP for the follcwing metals: 

Aluminu11 
Antimony 
Arsenic 
B.ariUll 
Be:rylliu11 
CadmiUll 
c.lc:ium 

Summary of Method 

Chro'lliUll 
Cobalt 
Copper 
Iron 
waci 
Magnesium 
Manganese 
Nidcel 

Potassium 
Selenium 
Silver 
Sodium. 
l'balliu:m 
Vanadium 
Zinc 

NOTE: A separate digestion procedure is required for furnace AA and ICP 
analysis. 

2.1 A represen~ative 1 g (vee weigh~) sample is digested in citric acid and 
hydrogen peroxide. The digestate ~ chen reiluxed With either nitric 
acid or hydrochloric acid. Hydrochloric acid i.s used as the final 
reflux acid for the furnace AA analysis of Sb, che flame AA or ICP 
analysis of Al, Sb, Ba, Be, Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, 
Ni, t, Ag, Ma, Tl, V and Zn. Nitric acid is employed as the final 
reflux acid for the furnace AA analysis of As, Be, Cd, Cr, Co, Cu, Fe, 
Pb, Mn, Mi, Se, Ag, Tl, V, and Zn. A separate sacple shall be dried 
for a total solids determination (!xhibic 0, Attachment 9). 

Accaracus and Materials 

3.1 250 ml beaker or other aP.propriate vessel. 

3.2 Watch glasses -
3.3 Thermometer that covers range of o· to zoo·c 

3.4 Whatman No. 42 f~lter paper or equivalent 

Reagents 

4.1 AS!M !ype II vater (AS!M 01193): Water must be monitored. 

4.2 (;oncenr:raced Nitric Acid (sp. gr. 1.41) 

\-



' 

4.3 Concentrated Rydrocblo~ic Acid (sp. gr. 1.19) 

4.4 Hydrogen Peroxide (30%) 

5. Sample Preservation, and Handling 

5.1 r;on-aqueous samples must be refrigerated upon receipt until 

6. Procedure 

6.1 

6.2 

6. 3 

a.4 

6.5 

o.o 

Mix the sample thoroughly co achie9e homogeuiecy. For each digest 
procedure, tJeigh (to the· nearest 0. 01gms) a 1. 0 co 1.5 gm portion~ 
sample and trans£ er co a beaker. ; 

·J 
Add 10 ml of 1:1 nitric acid (RN03), mix the slurry, and cover Wi~ 
a watch glass. Heat the sample to 95•c and reflux for 10 minutes~ 
Without boiling. Allow the sample co cool, add 5 aU. of concentrated 
HN03, replace the watch glass, and reflux for 30 minutes.· Oo noc}~ 
allow the volume co be reduced to less than 5 aU. while =aintaining~ 
a covering of solution over the bottom of the beaker. ~ 

.·i} 
:'1' 

After the second refl~ step has been completed and the sample has~ 
cooled, add 2 ml of type II wac er and 3 m.l of 30%' hydrogen pe roxicii 
(RtJz)• Return the beaker co the hoc plate for warming to start c. 
peroxide reaction. Care a~ust be taken co ensure that losses do nof 
occur due to excessively vigorous effervescence. Reat until e.ffe~ 
vescence subsides, and cool the beaker. -~ . 

...... 

Continue to add 30% RzOz in 1 aU. aliquots with warming until the 1 
effervescence is adnimal or until the general sample appearance isj' 
unchanged.. (NO'I'E: Do noc add a~ore than a total of 10 all 30% ~zoz;) 

lf the sample is being prepared for the furnace AA analysis of Sb, 
the flame AA or lCP analysis of Al, Sb, aa, Be, Ca, Cd, Cr, Co, Cu~ 
Fe, Pb, Mg, ~in, ~li, t~ Ag, Na, tl, V, and Zn, add 5 a~.l of l: 1 HCl . 
.... nd 10 all of type II water, return the covered beaker to the hot · 
plate, and heat for an additional 10 alinutes. After cooling, filte: 
through !,.,'hatm.an ~lo. 42 filter paper (or equivalec~) and dilute to ,;: 
100 all with Type U water (or centrifuge the sample - see Note 1).:. 
!he diluted sample has an approxi=ate acid concentration of 2.5: i 
(v/v) HCl and SZ (v/v) RNOJ• Dilute the d1gestate 1:1 (200 ~ f1~ 
volume) with the deionized water. !he saa~ple is now ready for •~ 

analysis.. ~· 
.. ~ 
• 

Lf the sample is being prepared for the furnace analysis of As, aei 
Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Ag, T1, V, and :n, continue he~ 
ing the acid-peroxide digestate until the volume has been reduced ~ 
approximately 2 =1, add 10 ~l of Type ll water, and warm the ~ixtu~ 
Alter cooling, filter through \./batman No. 42 filter paper .(or equi 
valent - se~ t~ote 1) and dilute to 100 a~l w1ch Type U water (or 
cent ri._f uge tht! sa~ple). The diluted digesca te solution contains 



approximately 2% (v/v) HN03. Dilute the digestate l:l (200 mL final 
volume) With deionized water. For analysis, withdraw aliquots of 
approprtlte volume, and add any required reag.ent or matrix modifier. 
The sample is now ready for analysis. 

7. Calculations 

7.1 A separate determination of percent solids must be performed 
(Exhibit D, Attachment 9). 

1.2 The concentrations determined in the digest are to be repor~ed 
on the basis of the dry weight of the sample. 

Concentration (dry we.) (mg/kg) • C x V 
W X S 

where C • Concentration (mg/L) 

·• p 

V • Final volume in liters after sample preparation 
W • Weight in kg of wet sample 
S • % Solids/100 

REF: Uodification of Method 3050 from SW-846, !est Methods for Evaluating 
Solid Waste, EPA Office of Solid Waste and Emergency Response, July 1982. 

8. Bibliography 

1. Modi£ icatioa (by committee) of Hethod 3050, SW-846, 2nd ed., !est 
Methods for Evaluating Solid Waste, EPA Office of Solid Waste and 
Emergency Response, July 1982. 
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ATOMIC SPECTROSCOPY APPLICATIONS- LABORATORY 

Bodenseewerk Pertdn-Eimer & Co GmbH· Postfach 1120 · 0-mo 0ber11ngen 

Analytical Lifetime of Graphite Tubes 
- The Checklist -

LAB 

NOTES 

44 E/ April 1983 

R. Lehmann, Z. Grobenski, U. Vollkopf, H. Schulze 

At Perkin-Elmer, the permanent improvement of graphite tube technology has 
the same importance as continuous improvements of hardware and software for 
all instrumentation. This is the reason why interferences in graphite furnace 
AA are nowadays much better under control. If the P-E Stabilized Temperature 
Platform Furnace concept is completely and correctly applied, comoined with 
!eeman-efTect background correction, spectral and non-spectral interferences 
are largely eliminated. 

In addition, the average tube lifetime has been improved by using much better 
graphite materials (exclusively developed for P-E and in cooperation with P-E 
scientists), applying lower atomization temperatures and optimizing tempera­
ture/time programs. Use of automatic samplers for sample dispensing is a 
standard way not only to automate and improve analyses, but to get longer 
tube life, too. By atomizing off the L'vov Platform when using the STPF con­
cept (the platform is made of solid pyrolytic graphite) a direct contact 
of strongly acidified samples with the tube walls is avoided and herewith 
tube lifetime prolonged. It was found that for evaluation using integrated 
absorbances (peak area), significantly lower temperatures for atomization 
can be used without sacrifying sensitivity. This too has a benificial in­
fluence on the tube lifetime. 

But in practical work with the graphite furnace there are a few additional 
points to take care about. 

To help you to obtain the maximal analytical and mechanical graphite tube 
lifetime we put together this checklist. 

We wish you all success! 
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CHECKLIST 
for the proper use of graphite tubes 

1. C·leaning the graphite contacts 
2. Thermal conditioning 
3. Thermal pretreatment 
4. Atomization temperature 
5. Atomization time 
6. Influence of the acid matrix 
7. Cooling 
8. Inert gas 
9. Lifetime of the graphite contacts. 

1. Cleaning the graphite contacts 
Always when replacing a graphite tube, and especially after mechanical break­
down of the tube, the inner surfaces of the graphite contacts, should be 
cleaned using a reamer (10 mm diameter, Part No. B010-7022).Carbon deposite 
will thus be removed. 

BEWARE: Take care not to damage the graphite contacts. After reaming is 
finished, remove the dust. 

2. Thermal conditioning 
After insertion, every new tube should first be thermally conditioned. It is 
recommended that for the very first heating a ramp time between 60 and 100 
seconds for the temperature range from ambient temperature to 2650 C is 
applied. After a few seconds at 2650 ec and cool down of 20 seconds, con­
ditioning is repeated three times but with a faster ramp (e.g. 10 seconds). 
This type of conditioning is especially important for pyrolytically coated 
graphite tubes. 

For uncoated graphite tubes, it is sufficient to heat to 2700 C four times 
and to maintain this temperature always for about 10 seconds Between runs 
normal cooling step should be observed. 

3. Therm~l pretreatment 
It is very important for a good analysis, as well as for a long tube life, 
to use always ramp time for thermal pretreatment. Even for the very simple 
samples, no higher temperature increase than approx. 50 -c;s can be recom­
mended. For more complicated sample matrices, a ramp of 20 to 50 C/s should 
be applied. Above all, conditions should be avoided where very sudden fume 
development occurs. If necessary, the thermal pretreatment should be broken 
down into two or more steps to control better matrix decomposition. 

4. Atomization temperature 
For optimal performance. do not use higher atomization temperatures than 
2650 ~c for pyrolytically coated graphite tubes and 2700 C fer uncoated 
tubes. For a number of difficult -to-atomize (refractory) elements, appli­
cation of a higher atomization temperature initially increases the signal 



- 3 -

heights, but it drastically reduces tube lifetime. Higher atomization tempe- . 
ratures are not analytically justified. 

5. Atomization time 
When using integrated absorbance evaluation (peak area}, atomization time has 
to be selected sufficiently long for the signal to come back to the baseline. 
When measuring peak heights, it is sufficient to select an atomization time 
long enough to reach safely the rear flank of the peak. An additional heat­
out step with the full argon flow of 300 ml/min is then applied and only 
here will the signal reach the baseline. High atomization and heatout tem­
peratures should only be applied as long as required and not a second or 
more longer. 

6. Influence of the acid matrix 
An acid matrix, and generally the matrix itself, may have a strong negative 
influence on the tube lifetime. Strong acids or oxidizing agents, e.g. HN0 3, 
HClO. H 0. etc., have a very bad reputation in graphite furnace AA. This 
is e~pecfaily the case if nitric acid penetrates into the graphite tube wall 
material when using uncoated tubes. With a sudden temperature increase, 
nitrous gases develop inside of the graphite lattice. Thus, the graphite 
lattice is partially damaged and becomes even more porous, so that in the 
next measurement the effect will be even worse. 

To avoid this, always keep a check on the acid concentration, avoid strong 
agents if possible, use a slow ramp for thermal pretreatment (see 3.) and 
use pyrolytically coated tubes and/or platform atomization. 

7. Cooling 
Our HGAs are so built that an automatic cooldown step from the applied 
atomization or heatout temperature to ambient temperature takes only 20 seconds. 
Usually tap water is used for this cooling. Nevertheless, if the temperature 
of the tap water is rather low and for the flowrate of this cold walter is 
too high, there is a possibility that water condensation from atmospheric 
humidity takes place on or around the graphite contacts. This may have a 
negative influence on the tube lifetime, too. This is the reason wh~ the 
cooling water flowrate is specified to be 2 L/min ~ 0.5 L/min. 

Better, and in the long run sometimes cheaper, is the use of the P-E circula­
tory cooling unit (Part No .. B-009-1440). This always provides the same water 
flow and cooling is efficjently set to reach a temperature of about 40 JC. 
When using a circulatory cooling unit, a longer tube life is generally ob­
served. 
When using platform atomization in the STPF concept, it is mandatory after 
the last step to add an additional cooling step of about 20 seconds at ambient 
temperature. 

8. Inert gas 

Nitrogen as innert 9as results in a lower peak sensitivity for a few elements. 
In addition, at temperatures aoove 2300 C toxic cyanogen (C2N2) may be 
generated, making continuous use of n1trogen in a small, poorly ventilated 
room potentially dangerous. Thus only argon can be recommended. Argon purity 
should be 99,996 . wlth no more than 5 vpm oxygen and 4 vpm water. Higher 
oxygen or/and water concentrations may decrease the useful lifetime of the 
graphite tubes. 



HGA APPLICATIONS DATA SHEET 

Element: ------- Matrix: _G.-..."=¥Flg,.;;::...::+c.~____.~T_,!,_l,.,.~__.~~=-:.~OOIIIUIGcs;p..~~~-
~: ::::' 

HGA-500 Program Location:------

Instrumental Parameters Readout Parameters 

Inst. Model : ~ Absorbance/Cone: 

Wavelength : 0 Peak Height; time 

Spectral Bandwidth: 0 Peak Area: time 

Light Source : D Recorder: 

Current/Watts : 

Background Correction? 

HGA Parameters 
Keyboard Entries 

BGA Medel : ~ Step 1 2 3 4 5 6 7 8 9 

Graphite Tube : Temp oc 
~ :J.O ~ J,o ~~ 

Sample Aliquot: Ramp (s) ~-/1!( :w .30 ~ /0 
Sample Introduction Bold (s) .5' £ " 5 7 

Manual: Read 

Automated: Rec. 

Replicates: Baseline 

Purge Gas : Int.Flow 
ml/min 

Alternate Gas : Int.Alt. 
ml/min 

Ext.Alt. 
ml/min 
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I. INTRODUCTION 

The method describes a technique for the sequential multi­
element determination of trace elements in water and wastewater. 
The basis of the method is the measurement of atomic emission 
by an optical spectroscopic technique. 

Summary of Method 

The procedures in the method were developed according to 
those specified in the following documents: 

• u.s. EPA Contract Laboratory Program. Inorganic 
Analysis: Multi-Media, Multi-Concentration. sow No. 
785 July 1985. Sample Management Office, Alexandria, 
n. . 

• Method for Chemical Analysis of Water and Wastes. 

• 

1983. u.s. EPA-600/4-79-020. Environmental Monitoring 
and Support Laboratory, Cincinnati, OH. 

Guidelines Establishing 
of Pollutants Under the 
and Interim Final Rule. 
'1984, Appendix C. u.s. 

Test Procedures for the Analysis 
Clean Water Act. Final Rule 

40 CFR Part 136, October 26, 
EPA, Cincinnati, OH. 

Samples are nebulized and the aerosol that is produced is 
transported to the plasma torch where excitation occurs. 
Characteristic atomic-line emission spectra are produced by a 
radio-frequency inductively coupled plasma (ICP). The spectra 
are dispersed by a grating spectrometer and the intensities of 
the lines are monitored by photomultiplier tubes. The photo­
currents from the photomultiplier tubes are processed and con­
trolled by a computer system. 

A background correction technique is required to compen­
sate for variable background contribution to the determination 
of trace elements. Background must be measured adjacent to 
analyte lines on samples during analysis. The position selected 
for the background intensity measurement, on either or both 
sides of the analytical line, will be determined by the complex­
ity of the spectrum adjacent to the analyte line. The position 
used must be free of spectral interferences and reflect the 
same change in background intensity as occurs at the analyte 
wavelength measured. 
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Background correction is not required in cases of line 
broadening where a background correction measurement would 
actually degrade the analytical result. The possibility of 
additional interferences such as physical interferences and 
chemical interferences should also be recognized and appro­
priate corrections made. 
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II. SAMPLE HANDLING AND PRESERVATION 

A. WATER AND WASTEWATER 

For the determination of trace metals, contamination and 
-loss are of prime concern. Dust in the laboratory environment, 
impurities on laboratory apparatus which the sample contacts 
are all sources of potential contamination. Sample containers 
can introduce either positive or negative errors in the 
measurement of trace elements by (a) contributing contaminants 
through leaching or surface desorption and (b) by depleting 
concentrations through adsorption. Thus the collection and 
treatment of the sample prior to analysis requires particular 
attention. 

Laboratory glassware including the sample bottle (whether 
polyethylene, polyproplyene or FEP-fluorocarbon) should be 
thoroughly washed with detergent and tap water, rinsed with 
(1+1) nitric acid, tap water, (1+1) hydrochloric acid, tap and 
finally deionized, distilled water in that order (see Note 1 
and 2). 

1) Before collection of the sample, a decision must be 
made as to the type of data desired, that is dissolved, 
suspended or total (see Note 3) so that the appropriate 
preservation and pretreatment steps may be accomplished. 
Filtration, acid preservation, etc., are to be per­
formed at the time the sample is collected or as soon 
as possible thereafter. 

2) For the determination of dissolved metals the sample 
must be filtered through a 0.45-~m membrane filter 
as soon as practical after collection. (Glass or 
plastic filtering apparatus are recommended to avoid 
possible contamination.) Use the first 50-100 mL to 
rinse the filter flask. Discard this portion and 
collect the required volume of filtrate. Acidify the 
filtrate with (1+1) HN03 to a pH of 2 or less. 
Normally, 3 mL of (1+1) acid per liter should be 
sufficient to preserve the sample. 

3) For the determination of suspended metals a measured 
volume of unpreserved sample must be filtered through 
a 0.45-~m membrane filter as soon as practical 
after collection. The filter plus suspended material 
should be transferred to a suitable container for 
storage and/or shipment. No preservative is required. 
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D. For the determination of total or total recoverable 
metals, the sample is acidified with (1+1) HN03 to 
pH 2 or less as soon as possible, preferable at the 
time of collection. The sample is not filtered before 
processing. 

B. SEDIMENTS, SLUDGES AND SOILS 

Refer to EPA SOW No. 785, Exhibit F, pp. F-1,2 (Appen­
dix A) for sample handling and preservation. 

NOTE 1. Chromic acid may be useful to remove organic deposits 
from glassware: however, the analyst should be cautioned 
that the glassware must be thoroughly rinsed with 
water to remove the last traces of chromium. This is 
especially important if chromium is to be included in 
the analytical scheme. A commercial product, NOCHROMIX, 
available from Godax Laboratories, 6 Varick St., New 
York, NY 10013, may be used in place of chromic acid. 
Chromic acid should not be used with plastic bottles. 

NOTE 2. If it can be documented through an active analytical 
quality control program using spiked samples and 
reagent blanks, that certain steps in the cleaning 
procedure are not required for routine samples, those 
steps may be eliminated from the procedure. 

NOTE 3. Definitions 

a. Dissolved are those elements which will pass 
through a 0.45 ~m membrane filter. 

b. Suspended are those elements which are retained by 
a 0.45 ~m membrane filter. 

c. TOTAL is the concentration determined on an 
unfiltered sample following vigorous digestion or 
the sum of the dissolved plus suspended concentra­
tions. 

d. Total recoverable is the concentration determined 
on an unfiltered sample following treatment with 
hot, dilute mineral acid. 
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III. SAMPLE PREPARATION 

A. WATER AND WASTEWATER 

1. Dissolved Metals 

For the· determinations of dissolved metals, the filtered 
preserved sample may often be analyzed as received. The acid 
matrix and concentration of the samples and calibration standards 
should be the same (·see Note 3). If a precipitate is formed upon 
acidification of the sample or during transit or storage, it 
must be redissolved before the analysis by adding additional 
acid and/or by heat as described under sample preparation for 
determination of total metals. 

2. Suspended Metals 

For the determinination of suspended metals, transfer the 
membrane filter containing the insoluble material to a 150-mL 
Griffin beaker and add 4 mL cone. HN03. Cover the beaker with 
a watch glass and heat gently. The warm acid will soon dissolve 
the membrane. 

Increase the temperature of the hot plate and digest the 
material. When the acid has nearly evaporated, cool the beaker 
and watch glass and add another 3 mL of cone HN03. Cover and 
continue heating until the digestion is complete, generally 
indicated by a light colored digestate. Evaporate to near dry­
ness (2 mL), cool, add 10 mL HCl (l+l) and 15 mL deionized, 
distilled water per 100 mL dilution and warm the beaker gently 
for 15 min. to dissolve any precipitated or residual material. 
Allow to cool, wash down the watch glass and beaker walls with 
deionized distilled water and filter the sample to remove 
insoluble material that could clog the nebulizer (see Note 1). 
Adjust the volume based on the expected concentrations of 
elements present. This volume will vary depending on the 
elements to be determined. The sample is now ready for analy­
sis (see Note 3). Concentrations so·determined shall be 
reported as "suspended." 
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3. Total Metals 

For the determination of total metals, choose a measured, 
volume of the well mixed, acid preserved sample appropriate for 
the expected level of elements and transfer to a Griffin beaker 
(see Note 2). Add 3 mL of cone. HN03. Place the beaker on a 
hot plate and evaporate to near dryness cautiously, making 
certain that the sample does not boil and that no area of the 
bottom of the beaker is allowed to dry. Cool the beaker and 
add another 5 mL portion of cone. HN03. Cover the beaker with 
a watch glass and return to the hot plate. Increase the temper­
ature of the hot plate so that a gentle reflux action occurs. 
Continue heating, adding additional acid as necessary, until 
the digestion is complete (generally indicated when the di­
gestate is light in color or does not change in appearance with 
continued refluxing). Again, evaporate to near dryness and 
cool the beaker. Add 10 mL of 1+1 HCl and 15 mL of deionized, 
distilled water per 100 mL of final solution and warm the 
beaker gently for 15 min. to dissolve any precipitate or residue 
resulting grom evaporation. Allow to cool, wash down the beaker 
walls and watch glass with deionized distilled water and filter 
the sample to remove insoluble material that could clog the 
nebulizer (see Note 1). Adjust the sample to a predetermined 
volume based on the expected concentrations of elements present. 
The sample is now ready for analysis (see Note 3). Concentra­
tions so determined shall be reported as "total." 

4. Total Recoverable Metals 

For the determination of total recoverable metals, choose 
a measured volume of a well mixed, acid preserved sample 
appropriate for the expected level of elements and transfer to 
a Griffin beaker (see Note 2). Add 2 mL of (1+1) HN03 and 10 mL 
of (1+1) HCl to the sample and heat on a steam bath or hot 
plate until the volume has been reduced to near 25 mL making 
certain the sample does not boil. After this treatment, cool 
the sample and filter to remove insoluble material that could 
clog the nebulizer (see Note 1). Adjust the volume to 100 mL 
and mix. The sample is now ready for analysis. Concentrations 
so determined shall be reported as "total recoverable." 

NOTE 1: In place of filtering, the sample after diluting 
and mixing may be centrifuged or allowed to settle 
by gravity overnight to remove insoluble material. 

NOTE 2: If low determinations of boron are critical, 
quartz glassware should be used. 
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NOTE 3: The calibration standards for the total recoverable 
metals may be used if there is no physical inter­
ference. 

B. SEDIMENTS, SLUDGES AND SOILS 

1. The acid digestion procedure for trace metals analysis 
in sediments, sludges and soils described in the u.s. 
EPA Contract Laboratory Program, Inorganic Analysis: 
Multi-Media, Multi-Concentration, SOW No. 785, July 
1985 will be followed (Appendix B). 

2. The quality control measures in the Quality Assurance/ 
Quality Control for Trace Metal Analysis of Water and 
Wastewater by ICPAES and Furnace AA will be followed. 
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IV. SYSTEM OPERATION 

A. EQUIPMENT 

The instrument used for measurements is the Perkin­
Elmer ICP/5500 spectrometer equipped with: 

• P-E Model 5000 Spectrometer 

• AS-SO Autosampler 

• Plasma Torch Unit 

• R.F • Power Supply 

• PR-100 Printer 

• Data System - PE 10 

• Argon Gas Supply • 

B. ICP OPERATING PARAMETERS 

Plasma gas flow •••••••••••••••••• l2 liters/min 
Nebulizer gas flow ••••••••••••••• o.s- 0.7 liters/min 
Auxiliary gas flow ••••••••••••••• o.s liters/min 
Plasma viewing Height •••••••••••• lS mm above load coil 
Incident RF power •••••••••••••••• l250 watts 
Reflected RF power ••••••••••••••• < 5 watts 

C. OPERATING PROCEDURES 

Set up instrument as follows: 

Torch Box-RF Generator Preparation 

l. Turn the model 5000 POWER ON. Place the RUN/STANDBY 
switch in te RUN position. This will normally stay in 
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this configuration unless the unit requires serv1c1ng, 
or if the unit is located in geographic areas of high 
electrical storm activity or common power brownouts. 

2. Turn the RF Generator to ON--Main breaker and CRTS 
switch. 

3. Depress the HOLD, PRINT, and EM keys on the 5500 
keyboard. 

4. Place the transfer optics switch on the 5000 to the AA 
position. Enter 500 on the keypad of the 5000 and 
depress the GAIN key. Press the A/Z key to set the 
PMT dark current levels to zero. Return the transfer 
optic switch to the ICP position. 

5. Turn on the main for the Argon gas supply--check the 
tank pressure to assure enough gas for analyses. Size 
lA cylinder @ 2500 psi will last approximately 6-7 
operating hours. 

6. Turn on the cooling water to the torch box: turn on 
the plasma, nebulizer, and auxillary gas switches at 
the torch box. 

7. Follow the operating conditions listed in Table 1. 

8. Thread the pump tubing through the peristaltic pump, 
close the clamp around the tubing, and turn on the 
pump. Assure the solvent is going through the tubing 
into the nebulizer. 

Plasma Ignition ICP/5500 

1. When blue light comes on the plasma is ready for 
ignition. This usually takes a couple of minutes 
after the gas switches are turned on. 

2. Press the RF ON button-the red light should illuminate, 
and the blue RF OFF key should go out. (If the orange 
overload button lights, depress the O.L. RESET button-­
blue RF OFF button should glow--repeat step 2). 

3. If the O.L. RESET button lights again, place the AUTO/ 
MANUAL switch in the MANUAL mode. Push the lower 
unmarked white button to reduce the tuning number by 
5-6 units. Return the switch to the AUTO mode. Repeat 
as step 2. 
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4. Press the ICP IGNITE button. 
into a plume. If the plasma 
seconds, depress the blue RF 
minute, repeat steps 2 & 4. 

The plasma should ignite 
does not form within 5 
OFF button. Wait 1 

5. If an orange glow appears at the torch or if the plasma 
forms a discharge other than a plume, depress the blue 
RF OFF button. Realign the torch according to the 
operators manual section 7, and repeat steps 2-4. 

6. When the ICP forms a stable plasma, turn off the 
auxillary gas, depress the nebulizer button to turn on 
the nebulizer gas flow. If the plasma is extinguised, 
push the RF OFF button. Leave the nebulizer and other 
gases on for one additional minute. Repeat steps 2-6. 

7. Adjust the auxillary gas flow to bring the bottom of 
the plume even with the last turn of the load coil 
(typically < .4 for aqueous and between .8-1.6 for 
organics). 

8. Aspirate a 1000 ppm Sodium (Na) solution. Note the 
position of the top of the "bullet• in the center of 
the plasma. Adjust this "bullet" with the NEBULIZER 
PRESSURE REGULATOR until the top of the "bullet" is at 
the top of the outermost quartz tube. (NOT the top of 
a torch extension if one is being utilized). This 
will typically require a pressure of from 22-30 psi 
depending on individual nebulizers. 

9. Allow 30 minutes warm-up time for plasma to become 
thermally stable prior to calibration. 

10. Check BEC of Mn (refer to Daily Performance Check, 
OA/OC Chapter) to make sure that instrument is opti­
mized. 

Data Station Preparation ICP/5500 

1. Turn on the Data Station and PR-100 printer. Take 
printer off line and set the top of the page using the 
feed switch. When this is done press TOF SET, ON 
LINE, then TOF SET again. 

2. Insert the ICP Executive disc in drive 0. Place a 
formatted data disc in drive 1. (If you are using the 
library disk, it would go in drive 1 instead of a data 
disc.) 
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3. Enter the time and date on the Data Station. You may 
use commas, or the colon between the hours and minutes. 
You may also use a standard date configuration rather 
than the one listed if you wish. 

4. Enter ICP on the Data Station keyboard and depress 
RETURN. This puts you into the beginning of the 
executive software. The instrument is now waiting for 
you to choose a mode of operation: 

DEVELOP - for developing methods and evaluating unknown 
spectra 

ANALYZE - for analyzing samples using methods developed 

REPORT for regeneration and/or reformatting of data 
stored on disc 

LIBRARY - for examining ·the disc in drive 1 for filenames/ 
files available. 

Develop Mode Utilization 

With the aid of the grapics utility each element should be 
investigated for possible spectral interferences by the other 
elements present in the sample solution. Verify inter-element 
and background correction factors of each element. Use the 
develop mode of the data station. Follow these steps: 

1. Press the special function key labelled DEVELOP. 

2. Fill in the develop screen by making the appropriate 
entries from the keyboard and using the RETURN key 
to input. The cursor arrows on the right side of 
the keyboard can.be used to move from one box to 
the next when no new entry is required. A brief 
description of each entry: 

Filename - the name given to the file, five 
alphanumerics can be used 

Wavelength - the wavelength to be used for analysis. 
This can be obtained from the P.E. 
Methods Development-ICP Manual, or 
from the wavelength tables by R.K. 
Winge, Peterson and Fassel 

BGL - Background Correction Low - the point lower 
than the analyte wavelength used for spectral 
correction It is given in nm_below the 
analyte wavelength, usually set via graphics 
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BGH - Background Correction High - the point higher 
than the analyte wavelength used as above. 

GAIN - the PMT voltage to be used for the analyses. 
A value of 0 have the spectrometer set this 
to its optimum level automatically 

REMARKS - for text or remarks about the sample type 
or method under development 

ELEMENT FILE - Integration 

the integration time to be used for 
the analysis typical times will be 
from 0.3 to 1.0 second 

Sl-S5 

Standard values used during the 
analyses. The unit are arbitrary, to 
be set according to the method 

SPECTRUM FILE - Range 

The distance in nanometers (nm) of 
the spectral scan to be done. Nearly 
all samples and method should use 
1.0 nm 

Read Delay 

The time allowed before the instrument 
begins to take data, typical .times 
are between 15-20 seconds 

Rate 

The number of chopper cycles taken 
at each point the spectral scan. 
Seldom if ever changed from default 
value of .01 (one cycle) 

To Begin Method Development 

1. Aspirate a representative concentration of a single 
element standard type in the STD concentration or 
other label, and depress the READ key in the upper 
left corner. 
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2. Upon completion of the read cycle; depress 1 on the 
keyboard and the DISPLAY function key. This will 
display the spectral scan ·just obtained. 

3. Depress the H(ome) key on the right side of the keyboard 
to place the screen format into the spectrum mode. 
Use the arrow cursors to place line cursor in the 
center of the element peak. Depress the Wavelength 
Calibration function. This sets the absolute analyte 
wavelength. Depress the H(ome) key again to exit the 
spectrum mode. 

4. Aspirate a solvent blank,-type in the label desired, 
depress the READ function key. Upon completion press 
2 DISPLAY. This will display the spectra of the blank. 

5. Aspirate representative samples with appropriate labels 
following the same format as above. Compare the 
graphical displays of the standard and the samples to 
evaluate possible interferences. Set background 
correction intervals as needed by entering the spectrum 
mode [Home key] , moving the cursor to an appropriate 
position and depressing the BACKground CORRection 
function key. See the METHODS DEVELOPMENT MANUAL 
SECTION 4-4 for a complete discussion on background 
correction and interference types. 

6. Store the completed element file by depressing the TO 
LIBRARY function key. If you wish to store the spectrum 
you have generated, use S (for spectra) TO LIBRARY. 

7. Hard copy outputs of all graphics can be obtained by 
depressing the PRINT function key in the upper right 
corner. 

a. Individual spectra can be erased from the screen by 
entering the number to be erased and the ERASE function 
key (i.e., 3 ERASE). 

9. All spectra can be erased by simply depressing the 
ERASE key without number. If you wish to clear the 
entire graphics file, use * ERASE. 

10. Individual spectra can be expanded or reduced by making 
the appropriate entry of (spectrum #) X (factor to be 
used for expansion or reduction DISPLAY)(i.e., 1X25 
DISPLAY). 
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Begin The Sample Run As Follows: 

1. Depress key labelled ANALYZE 

2. Assign method file name - replicates - read delay 
remarks - data file name 

3. Depress the "H" key to be able to enter element blocks -
make element entries previously wavelength calibrated 
and stored on disk 1. 

4. Depress run manual key on data station. 

5. Follow prompts on data station screen. 

Flush the system with the calibration blank solution 
between each sample. Analyze the instrument check standard and 
the calibration blank each 10 samples. 

Calculation 

1. Reagent blanks (preparation blanks) should be treated 
.as specified in the OC/OA section. 

2. If dilutions were performed, the appropriate factor 
must be applied to sample values. 

3. Data must be reported as ug/1. 

D. INTERFERENCES 

Background Interferences 

In an emission technique, background interference refer to 
situations where more light reaches the instrument's detector 
than is attributable to the analyte. In ICP emission technique, 
due to its high temperature environment, more intense element 
emission lines are observed. Consequently great care is .required 
in the selection of wavelengths and background correction con­
ditions in order to avoid or correct for interferences. The 
various types of ICP background interferences and techniques 
for eliminating or correcting for them are discussed in the 
following section. Table IV-1 defines the various kinds of 
background interferences. Table V-1 presents the analytical 
parameters for each element. 
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Table IV-1. Description of Symbols 

Name 

Simple Background Shift 

Sloping Background Shift /or\ 

Direct Spectral Overlap 1\ 

Complex Background Shift * 

Description 

Represents a shift in 
background intensity 
that is nearly constant 
over a 0.5 nm range on 
either side of the line. 

Represents a shift in 
background intensity 
having a constant 
positive or negative 
slope over a range of 
at least 0.2 nm on 
either side of the 
analyte line. 

Represents a direct 
coincidence of two 
spectral lines. 

Represents a shift in 
background intensity 
that varies significantly 
over a 0.5 nm range on 
either side od the 
analyte line. 

+These symbols are used in the IEC section of the Wavelength 
Characterization Tables to denote the type of interference. 
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1. Simple Background Shift 

The simplest type of ICP emission background interference 
is a Simple Background Shift, which causes a shift in background 
intensity that is essentially constant over a 0.5 nm range on 
either side of the analyte line. The background shift may 

shift up or down. This effect can usually be compensated by a 
background correction adjacent to the analyte line. 

2. Sloping Background Shift 

The sloping background shift can either be upward or 
downward. If the slopes are constant over a range of 0.1 nm on 
either side of the analyte line, a two-point background correction 
would be necessary to properly quantitate the intensity of the 
background under the analyte line. 

3. Direct Spectral Overlap 

This is an overlap of a spectral line from another element. 
If the emission lines of two elements overlap each other and 
these elements are present at appreciable concentrations in the 
same sample, other wavelengths should be considered for their 
determination. 

4. Complex Background Shift 

A complex background shift is a shift in background inten­
sity that varies significantly over a 0.5 nm range on either 
side of the analyte line. This is usually caused by the occur­
rence of a number of intense, closely space emission lines 
nearly and perhaps directly overlapping the analyte wavelength. 
An alternate wavelength should be considered if a complex 
background shift is directly overlapping the analyte wavelength. 

Listed in Table IV-2 are some interference effects for the 
recommended wavelengths. The data in Table IV-2 are intended 
for use only as a rudimentary guide for the indication of 
potential spectral interferences. For this purpose, linear 
relations between concentration and intensity for the analytes 
and the interferents can be assumed. The interference informa­
tion is expressed as Interference Equivalent Concentration 
(IEC) or false analyte concentration arising from 100 mg/1 of 
the interferant element. The suggested use of this information 
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Table IV-2. Recommended wavelengths, estimated detection limits and IEC. 

Elements 

Al 

Sb 

As 

Ba 

Be 

8 

Cd 

Ca 

Cr 

Wavelength 

308.215 

206.833 

193.696 

197.197** 

455.403 

233.527** 

313.042 

249.773 

226.502 

214.438** 

317.933 

267.716 

205.55** 

IDL 
ug/ml 

.... 0.080 

0.040 

0.020 

o. 050 . 

0.0002 

0.0005 

0.0005 

0.004 

0.002 

<0.0005 

0.003 

0.006 

Interferences (IEC) at 100 ug/ml 

A V 2.0, Mn (0.21) 

Al (0.47), Cr (2.9), Fe (0.06), 

Ti (0.25), V (0.45) 

Fe 0.~, Al 1.~, Cr (0.44), V (1.1) 

Ti (0.04), V (0.05) 

Al (0.04), Fe o.1, Moo.~ 
Ni (01 02)~ Fe 0.01, Al 0.~, As .Obl, 
Co O.T 

Cr (0.06), Fe (0.01), Mg (0.01), 
Mn (0.04), Ti (0.03), V (0.03) 

Fe (0.003), Mn (0.04), V (0.04), Zn, 
large 

Fe o.~, Al o.02, v o.fi\, zn o.o~ 

F a. 
~ 
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m 
:s 
< :r 
:I 
3 
! 
!!.. 
en 
< 

= 3 ... 



Table IV-2 • (Continued) 

IDL 
Elements Wavelength ug/ml Interferences (IEC) at 100 ug/ml*** 

Co 228.616 0.006 Fe O.t, Al 0.002, Ni o.i, Cr (0.03), 

Ti (0.15) 

* I F 
Cu 324.754 0.0002 Fe 0.005, Ti (0.05), V (0.02) a. 

:a 

Ag 328.068 0.005 f --- i * 

~I 
Fe 259.94 0.003 Co 0.01, Mn (0.12) m 

::J c 
:;· 

Pb 220.353 0.05 A1 ( 0.17) 0 
:a 
3 • Mg 279.079 <0.0005 Ca (0.02), Cr (0.11), Fe (0.13), :a ... 
!!!.. 
en 

Mn (0.25), Ti (0.07), V (0.12) I 
< = CD 

-:..... * 3 
Mn 257.61 0.0005 Al 0.001, Fe 0.005, Cr (0.01), 

.. 
Mg (0.002) 

Mo 202.03 0.005 Al 0:02, Fe o.~, Mg o.bo5 

Ni 231.604 0.01 Fe 0.01, Co o':o5 

Se 196.026 0.05 A1 (0.23), Fe (0.09) 

Si 251.611 0.009 

288.158** 0.058 Cr (0.07, V (0.01) 
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Table IV-2. (Continued) 

IDL 
Elements Wavelength ug/ml Interferences (IEC) at 100 ug/ml*** 

Na 588.995 

TR 190.864 

Zn 213.856 

Ti 334.94 

v 292.40 

Sn 189.98 

0.029 

0.05 

0.001 

0.001 

0.005 

0.03 

Ti (0.06) 

Al (0.30) 

Cu (0.14), Ni (0.29) 

Cr (0.05), Fe (0.005), Ti (0.02) 

** Alternate wavelength recommended 
*** Interferences with symbols were taken from P.E. Method 

Development Manual-ICP. 
Interferences in parenthesis were taken from EPA Method 
200.7 CLP-M 
The following elements were investigated for possible 
interferences on each analyte: Al, Ca, Cr, Fe, Mg, 
Mn, Ni, Ti and v. 
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is as follows: Assume that arsenic (at 193.696 mm) is to be 
determined in a sample containing approximately 10 mg/1 of 
aluminum. According to Table IV-2, 100 mg/1 of aluminum would 
yield a false signal for arsenic equivalent to approximately 
1.0 mg/1. Therefore, 10 mg/1 of aluminum would result in a 
false signal for arsenic equivalent to approximately 0.10 mg/1. 
Generally, interferences were discernible if the produce peaks 
or background shifts corresponding to 2-5% of the peaks generated 
by the analyte concentration listed in Table IV-3. 

Physical Interferences 

Physical Interferences are generally considered to be 
effects associated with the sample nebulization and transport 
processes. Such properties as change in viscosity and surface 
tension can cause significant inaccuracies especially in samples 
which may contain high dissolved solids and/or acid concentra­
tions. The use of peristaltic pump will aid in maintaining a 
uniform sample liquid uptake rate. If these types of inter­
ferences are operative, they must be reduced by either of the 
following: 

• Dilution of the sample 

• Utilization of standard addition technique 

• Use of an internal standard 

Internal standards can be utilized in an intensity 
ratioing procedure to compensate for the effect of an 
aerosol transport interference. An internal standard 
is an element present at the same concentration in all 
standards, the blank, and the samples. When a sample 
is run, the intensity of the internal standard element 
is compared with the intensity of the internal standard 
in the calibrating standard(s). If they are equivalent, 
then the analyte intensity in the sample is used as 
measured to calculate a concentration. If an aerosol 
transport interference has caused the intensity of the 
internal standard in the sample to be different from 
that measured in the calibrating standard, then the 
intensity of the analyte in the sample is automatically 
corrected by the ICP Executive software. 

• Matrix Matching 

The most effective and reliable method of minimizing 
the effect of matrix-induced interference is to attack 
the problem at its source by carefully matching the 
matrix composition of standards, samples and the blank. 
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Table IV-3. Interferent and analyte elemental concentra­
tions used for interference measurements in 
Table IV-2. 

Analytes (mg/L) Interferents (mg/L) 

Al 10 Al 1000 
As 10 Ca 1000 
B 10 Cr 200 
Ba l Cu 200 
Be l Fe 1000 
Ca l Mg 1000 
Cd 10 Mn 200 
Co l Ni 200 
Cr l Ti 200 
Cu 1 v 200 
Fe l 
Mg l 
Mn l 
Mo 10 
Na 10 
Ni 10 
Pb 10 
Sb 10 
Se 10 
Si l 
T1 10 
v 1 
Zn 10 
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Another problem which can occur from high dissolved solids 
is salt build up at the tip of the nebulizer. This affect 
aerosols flow rate causing instrumental drift. For routine ICP 
work, it is advisable to keep the total solids content of 
samples at a level of 0.5 percent or less whenever possible. 
In cases where samples with high dissolved solids are aspirated, 
flushing of distilled water between samples is recommended. 

- Chemical Interferences 

Chemical Interferences are characterized by molecular 
compound formation, ionization effects and solute vaporization 
effects. Normally these effects are not pronounced with the 
ICP technique, however, if observed they can be minimized by 
careful selection of operating conditions (that is, incident 
power, observation position, and so forth), by buffering of the 
sample, by matrix matching, and by standard addition procedures. 
These types of interferences can be highly dependent on matrix 
type and the specific analyte element. 

E. ROUTINE MAINTENANCE AND TROUBLESHOOTING 

Routine Maintenance 

1. Routine maintenance of ICP 5500 is required to maintain 
the ·system in proper working condition and to ensure 
the highest possible level of performance. 

2. Daily checks - (refer to section 12A,l of Perkin-Elmer 
ICP/5500 Instruction Manual). 

3. Periodic Maintenance - (refer to section 12A,2 of 
Perkin Elmer ICP/5500 Instruction Manual). 

NOTES: 

• Nebulizer tips - (refer to section 12B,5 of Perkin-Elmer 
ICP instruction manual). If there is an indication of 
clogging, nebulizer tips should be carefully cleaned 
with the wire provided. Change the tips when necessary. 

• Pump tubing - this should be changed after 10-15 
hours of continuous operation. If high concentration 
of acid is aspirated, you may need to change it sooner. 
Tube tension should be adjusted to maintain a smooth 
flow of liquid. Release tension of pump tube a~ the 
end of the day. 
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• Spray Chamber - (refer to section 12B,2 of Perkin-Elmer 
ICP Instruction Manual). 

Aspirate 1% EPA laundry detergent for a couple of 
minutes, followed by distilled water at the end of 
each analysis run. 

• Demountable Torch - (refer to section 12B,3 and 128,4 of 
Perkin Elmer ICP Instruction Manual). 

Periodically clean the inner tube, outer tube and 
sample tube. Do this especially when salt build-up 
is obvious. Soak them in hot (1+1) HN03 for 30 
minutes, rinse very well with water and dry before 
mounting the torch (section 12B,6 of Perkin Elmer 
ICP Instruction Manual). 

Troubleshooting 

1. General Problems - (refer to Section 12C,l of Perkin 
Elmer ICP/5500 Instruction Manual). 

2. Plasma Ignition Problems - (refer to Section 12C,2 of 
Perkin Elmer ICP/5500 Instruction Manual). 

3. High Background Equivalent Concentration 

If BEC is 2 times or more than expected BEC, check the 
following: 

• Torch alignment -

(a) Vertical-adjust viewheight while aspirating Mn 
1 ppm and determine BEC. Check if plasma is 
slanted. 

(b) Horizontal-adjust torch box by sliding forward 
or backwards, very slowly while aspirating Mn 
1 ppm, until highest emission intensity is 
obtained. Normally the instrument will give 
47 energy. 

• Nebulization -

4. Bad Precision 

Check the following: 

check the nebulizer pressure and 
flow rate. 

• Nebulizer flow rate 
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• Nebulizer tips if clogged 
• Pump tubing tension 
• Drain for loose fitting 
• Argon lines for leaks 
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V. REAGENTS AND STANDARDS 

Acids used in the preparation of standards and for sample 
processing must be ultra-high purity grade or equivalent. 
Redistilled acids are acceptable. 

• Acetic acid, cone. (sp gr 1.06) 

• Hydrochloric acid, cone. (sp gr 1.19) 

• Hydrochloric acid, (1+1): Add 500 mL cone. HCl 
(sp gr 1.19) 

• Nitric acid, cone. (sp gr 1.41) 

• Nitric acid, (1+1): Add 500 mL cone. HN03 (sp gr 1.41) 
to 400 mL deionized, distilled water and dilute to 
1 liter. 

Deionized, Distilled Water 

Prepare by passing distilled water through a mixed bed of 
cation and anion exchange resins. Use deionized, distilled 
water for the preparation of all reagents, calibration standards 
and as dilution water. The purity of this water must be 
equivalent to ASTM Type II reagent water of Specification 0 
1193. 

Standard Stock Solutions 

Standard stock solutions may be purchased or prepared from 
ultra high purity grade chemicals or metals. All salts must be 
dried for 1 h at 105° unless otherwise specified. 

(CAUTION: Many metal salts are extremely toxic and may be 
fatal if swallowed. Wash hands thoroughly after handling.) 
Typical stock solution preparation procedures follow: 

Aluminum Solution, Stock 

1 mL = 100 ug Al: Dissolved 0.100 g of aluminum metal in 
an acid mixture of 4 mL of (1+1) HCl and 1 mL of cone. HN03 in 
a beaker. Warm gently to effect solution. When solution is 
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complete, transfer quantitatively to a liter flask, add an 
additional 10 mL of (1+1) HCl and dilute to 1000 mL with 
deionized, distilled water. 

Antimony Solution Stock 

1 mL • 100 ug Sb: Dissolve 0.2669 g K(SbO)C4H406 in 
deionized, distilled water containing 0.4 g NaOH. Acidify the 
solution with 2 mL cone. HN03 and dilute to 1,000 mL with 
deionized, distilled water. 

Arsenic Solution, Stock 

1 mL • 100 ug As: Dissolve 0.1320 g of As203 in 100 mL of 
deionized, distilled water containing 0.4 g NaOH. Acidify the 
solution with 2 mL cone. HN03 and dilute to 1,000 mL with deionized, 
distilled water. 

Barium Solution, Stock 

1 mL • 100 ug Ba: Dissolve 0.1516 g BaCl2 (dried at 250°C 
for 2 hrs) in 10 mL deionized, distilled water with 1 mL (1+1) 
HCl. Add 10.0 mL (1+1) HCl and dilute to 1,000 mL with deionized, 
distilled water. 

Beryllium Solution, Stock 

1 mL • 100 ug Be: Do not dry. Dissolve 1.966 g Beso4 • 
4H20, in deionized, distilled water, and 10.0 mL cone. HN03 and 
dilute to 1,000 mL with deionized, distilled water. 

Boron Solution, Stock 

1 mL • 100 ug B: Do not dry. Dissolve 0.5716 g anhydrous 
H3B03 in deionized, distilled water and dilute to 1,000 mL. 
Use a reagent meeting ACS specifications, keep the bottle 
tightly stoppered and store in a desiccator to prevent the 
entrance of atmospheric moisture. 
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Cadmium Solution, Stock 

1 mL = 100 ug Cd: 
amount of (1+1) HN03. 
Add 10.0 mL cone. HN03 
distilled water • 

. Calcium Solution, Stock 

Dissolve 0.1142 g CdO in a m1n1mum 
Heat to increase rate of dissolution. 
and dilute to 1,000 mL with deionized, 

1 mL = 100 u~ Ca: Suspend 0.2498 g CaC03 dried at 180°C 
for 1 h before weighing in deionized, distilled water and 
dissolve cautiously with a minimum amount of (1+1) HN03. Add 
10.0 mL cone. HN03 and dilute to 1,000 mL with deionized, 
distilled water. 

Chromium Solution, Stock 

1 mL = 100 ug Cr: Dissolve 0.1923 g of Cr03 in deionized, 
distilled water. When solution is complete acidify with 10 mL 
cone. HN03 and dilute to 1,000 mL with deionized, distilled 
water. 

Cobalt Solution, Stock 

1 mL = 10 ug Co: Dissolve 0.1000 g of cobalt metal in a 
minimum amount of (1+1) HN03. Add 10.0 mL (1+1) HCl and dilute 
to 1,000 mL with deionized, distilled water. 

Copper Solution, Stock 

1 mL = 100 ug Cu: Dissolve 0.1252 g CuO in a minimum 
amount of (1+1) HN03. Add 10.0 mL cone. HN03 and dilute to 
1,000 mL with deionized, distilled water. 

Iron Solution, Stock 

1 mL = 100 ug Fe: Dissolve 0.1430 g Fe203 in a warm 
mixture of 20 mL (1+1) HCl and 2 mL of cone. HN03. Cool, add 
an additional 5 mL of cone. HN03 and dilute to 1,000 mL with 
deionized, distilled water. 
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Lead Solution, Stock 

1 mL = 100 ug Pb: Dissolve 0.1599 g Pb(NOJ)2 in a m1n1mum 
amount of (1+1) HN03. Add 10.0 mL of cone. HN03 and dilute to 
1,000 mL with deionized, distilled water. 

Magnesium Solution, Stock 

1 mL • 100 ug Mg: Dissolve 0.1658 g MgO in a m1n1mum 
amount of (1+1) HNOJ. Add 10.0 mL cone. HN03 and dilute to 
1,000 mL with deionized, distilled water. 

Manganese Solution, Stock 

1 mL • 100 ug Mn: Dissolve 0.1000 g of manganese metal in 
the acid mixture, 10 mL cone. HC1 and 1 mL cone. HN03, and 
dilute to 1,000 mL with deionized distilled water. 

Molybdenum Solution, Stock 

1 mL = 100 ug Mo: Dissolve 0.2043 g (NH4)2Mo04 in deionized, 
distilled water and dilute to 1,000 mL. 

Nickel Solution, Stock 

1 mL = 100 ug Ni: Dissolve 0.1000 g of nickel metal in 10 
mL hot cone. HN03, cool and dilute to 1,000 mL with deionized, 
distilled water. 

Potassium Solution, Stock 

1 mL = 100 ug K: Dissolve 0.1907 g KCl, dried at 110°C, 
in deionized, distilled water. Dilute to 1,000 mL. 

Selenium Solution, Stock 

1 mL = 100 ug Se: Do not dry. Dissolve 0.1727 g H2Se03 
(actual assay 94.6%) in deionized, distilled water and dilute 
to 1,000 mL. 
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Silica Solution, Stock 

1 mL = 100 ug Si02: Do not dry. Dissolve 0.4730 g 
Na 2sio3 •9H~O in deionized, distilled water. Add 10.0 mL cone. 
HN03 and d1lute to 1,000 mL with deionized, distilled water. 

Silver Solution, Stock 

1 mL = 100 ug Ag: Dissolve 0.1575 g AgN03 in 100 mL of 
deionized, distilled water and 10 mL cone. HN03. Dilute to 
1,000 mL with deionized, distilled water. 

Sodium Solution, Stock 

1 mL = 100 ug Na: Dissolve 0.2542 g NaCl in deionized, 
distilled water. Add 10.0 mL cone. HN03 .and dilute to 1,000 mL 
with deionized, distilled water. 

Thallium Solution, Stock 

1 mL = 100 ug Tl: Dissolve 0.1303 g TlN03 in deionized, 
distilled water. Add 10.0 mL cone. HN03 and dilute to 1,000 mL 
with deionized, distilled water. 

Vanadium Solution, Stock 

1 mL = 100 ug V: 
amount of cone. HN03. 
Add 10.0 mL cone. HN03 
distilled water. 

Zinc Solution, Stock 

Dissolve 0.2297 NH4V03 in a m1n1mum 
Heat to increase rate of dissolution. 
and dilute to 1,000 mL with deionized, 

l mL = 100 ug Zn: Dissolve 0.1245 g ZnO in a minimum 
amount of dilute HN03. Add 10.0 mL cone. HN03 and dilute to 
1,000 mL with deionized, distilled water. 
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Mixed Calibration Standard Solutions 

Prepare mixed calibration standard solutions by combining 
appropriate volumes of the stock solutions in volumetric flasks 
(refer to Table V-1 for concentration of each element). (See 
the typical calibration standar9 combinations listed below). 
Add 2 mL of (1+1) HNOJ, 10 mL of (1+1) HCl and 1 ml scandium 
(1000 ug/ml) as internal standard and dilute to 100 mL with 
deionized, distilled water. (See Note 1). Prior to preparing 
the mixed standards, each stock solution should be analyzed 
separately t.o determine possible spectral interference or the 
presence of impurities. Care should be taken when preparing 
the mixed standards that the elements are compatible and stable. 
Transfer the mixed standard solutions to a FEP fluorocarbon or 
unused polyethylene bottle for storage. Fresh mixed standards 
should be prepared as needed with the realization that concen­
tration can change on aging. Calibration standards must be 
initially verified using a quality control sample and monitored 
weekly for stability. Although not specifically required, 
some typical calibration standard combinations follow when 
using those specific wavelengths listed in Table IV-2. 

1. Mixed Standard Solution I 

Manganese, beryllium, cadmium, lead, and zinc. 

2. Mixed Standard Solution II 

Barium, copper, iron, vanadium, and cobalt. 

3. Mixed Standard Solution III 

Molybdenum, silica, arsenic, and selenium. 

4. Mixed Standard Solution IV 

Calcium, sodium, potassium, aluminum, chromium and nickel. 

5. Mixed Standard Solution V 

Antimony, boron, magnesium, silver, and thallium. 
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Table V-1. Calibration standards and associated operating parameters for metals 
by ICP. 

Background Calibration Standard Verification Standard 
correction (STD 1) (STD 2**) 

wavelength intervals, nm. EP Toxicity Drinking EP Toxicity Drinking 
Element (nm) lower upper Test Water Test Water 

As* 197.197 0.05 0.07 10.0 1.0 5.0 0.5 

Ba 233.527 -- 0.13 10.0 10.0 5.0 5.0 I F 
:l 

Cd* 226.502 0.05 0.04 10.0 1.0 5.0 0.1 I :r 
F .. 

Cr 267.716 0.05 o.o5· 10.0 1.0 5.0 0.5 I a· 
Dl 

m 

!I Pb* 220.353 0.05 0.05 10.0 5.0 5.0 1.0 I 
:::1 c 
~· 
0 
:I 

Hg* 194.227 0.05 0.06 10.0 5.0 5.0 2.0 3 
Cll 
:::1 .. 

Se* I 
Dl 

196.026 0.14 0.16 10.0 5.0 5.0 1.0 -en 
< 

= Ag 328.068 0.07 10.0 1.0 5.0 0.5 I 
Cll -- 3 .. 

Sc 255.23 -- 0.06 use as internal std. (add 10 ppm 
to all Stds, Blank and Samples). 

Cu 324.754 -- -- --------- 10.0 --------- 5.0 

Fe 259.94 0.05 0.05 --------- 3.0 --------- 1.0 

Mn 257.61 0.06 0.06 --------- 0.5 --------- 0.2 

Zn 213.856 -- 0.05 --------- 10.0 --------- 5.0 

Sb* 206.833 -- -- --------- 1.0 --------- 0.5 
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Table V-1. (Continued) 

Background Calibration Standard Verification Standard 
correction (STD 1) (STD 2**) 

Wavelength intervals, nm. EP Toxicity Drinking EP Toxicity Drinking 
Element (nm) lower upper Test Water Test Water 

Be 313.042 0.07 -- --------- 1.0 ---------
Tl* 190.864 -- -- --------- 2.0 ---------
Al 308.215 -- -- --------- 5.0 ---------
B 249.773 -- -- --------- 2.0 ---------
Co 228.616 -- -- --------- 1.0 ---------
Mo* 202.03 -- -- --------- 1.0 ---------
Sn* 189.98 -- -- --------- 1.0 ---------
Ti 334.94 -- -- --------- 1.0 ---------
Ni * 231.604 0.07 -- --------- 1.0 ---------

*Use HGA technique if concentration of metal in drinking water is below detection 
limit of the instrument and for Hg, use cold vapor technique. 

**STD 2 - should be used as calibration verification standards if EPA solution is 
not available. 
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5. Mixed Standard Solution V (continued) 

NOTE 1: If the addition of silver to the recommended acid 
combination results in an initial precipitation 
add 15 mL of deionized distilled water and warm 
the flask until the solution clears. Cool and 
dilute to 100 mL with deionized, distilled water. 
For this acid combination the silver concentra­
tion should be limited to 2 mg/L. Silver under 
these conditions is stable in a tap water matrix 
for 30 days. Higher concentrations of silver 
require additional HCl. 

Blanks 

Two types of blanks are required for the analysis. The 
calibration blank is used in establishing the analytical curve 
while the reagent blank is used to correct for possible con­
tamination resulting from varying amounts of the acids used in 
the sample processing. 

1. The Calibration Blank 

The calibration blank is prepared by diluting 1 mL (1000 
mg/L) of Scandium, 2 mL of (1+1} HN03 and 10 mL of (1+1) HCl 
to 100 mL with deionized, distilled water. Prepare a sufficient 
quantity to be used to flush the system between standards and 
samples. 

2. The Reagent Blank 

The reagent blank (or preparation blank) must contain all 
the reagents and in the same volumes as used in the processing 
of the samples. The reagent blank must be carried through the 
complete procedure and contain the same acid concentration and 
10 mg/L of Scandium in the final solution as the sample solution 
used for analysis. 

Instrument Check Standard, Interference _Check __ Sa_mple 
and Quality ~o_nt:_~q~ S~Jl!P..l_e_ 

In addition fo the calibration standards, an instrument 
check standard, ar1 interf~rence check sample and a quality 
c::ontrol ~"l'l\!)le are also required for the analyses. 
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• The instrument check standard for continuing calibration 
verification is prepared by the analyst by combining 
compatible elements at a concentration equivalent to 
the midpoint of their respective calibration curves 
(See Table V-1). 

• The interference check sample is prepared by the analyst, 
or obtained from EPA if available (Table V-2). 

• The quality control sample for the initial calibration 
verification should be prepared in the same acid matrix 
and scandium content (internal standard) as the calibra­
tion standards and in accordance with the instructions 
provided by the supplier. The Quality Assurance Branch 
of EMSL-Cincinnati will either supply a quality control 
sample or information where one of equal quality can 
be procured. 
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Table V-2. Interferant and analyte elemental concentra­
tions used for ICP interference check sample. 

Analytes (mg/L) Interferents (mg/L) 

Ag 0.5 Al 500 
As 1.0 Ca 500 
Ba 0.5 Fe 500 
Be 0.5 Mg 500 
Cd 1.0 
Co 0.5 
Cr 0.5 
cu 0.5 
Mn 0.5 
Ni 1.0 
Pb 1.0 
Sb 1.0 
Se 1.0 
Tl 1.0 
v o.s 
Zn 1.0 
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MERCURY COLD VAPOR TECHNIQUE - WATER AND SEDIMENTS 

The procedures as specified in the CLP SOW No. 785 (Exhibit 
D) analytical section will be followed. A Perkin Elmer Mercury 
Hydride System will be used in conjunction with a Perkin Elmer 
2380 Atomic Absorption Spectrophotometer. Specifically, the 
Manual Cold Vapor Technique as described in Attachments 5 and 6 
will be used for aqueous samples and sediment samples, 
respectively. 



ATI'.ACHMENT 5 

Method 245.1 CLP-M* (Manual Cold Vapor Technique) 

1. Scope and·A~plicacion 

2. 

1.1 In addition to inorganic forms of mercury, organic mercurials 
may a.l:.so be present. These organo-merc:ury coapounds will noe 
respond to the cold vapor atomic absorption technique unless they 
are first b-;oke%1 down and. converted to mercuric: ions. Potassium 
permanganate oxidizes many of these compounds, but recent studies 

· have shown that a number of organic: mercurials, including phenyl 
mercuric: acetate and methyl mercuric: chloride, are only partially 
oxidized by this reagent. Potassium~ersulface has been found to 
give approximately 100% rec:gvery when used as the oxidant with 
these compounds·.. Therefore, a persulfate oxidation step following 
the addition of the permanganate has been included to insure that · 
organo-mercury compounds, ii present, will be oxidized to the 
mercuric: iou before measurement. A heat seep is required for 
methyl mercuric: c:hloride when present 1.n or spiked to a. a.atur~l 
system. ~or dis·tilled water the heat step is not necessary. 

1.2 The range of the method may be varied through instrument and/or 
recorder expansion. Using a 100 ml sample, a. detection limit of 
0.2 ug Rg/1 c:an be achieved (see Appendix 11.2). 

Summary of Method 

2~1 The flameless AA procedure is a physical method based on the 
absorption of"radiation at 253.7 nm by mercury vapor. Organic 
mercury compounds are ox±dized and the mercury is reduced to the 

·elementaL state and aerated from solution in a closed system. 
The mercury vapor passes through a cell positioned in the light 
path of an atomic absorption spectrophotometer. Absorbance (peak 
height] is measured as a. function of mercury concentration and 
recorded in the usual-manner. 

*CLP-M modified for the Contract Laboratory Pro~ram 
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Method 245.1 CLP-M (cont.) 

3. 

4. 

Sam~le Handling and Preservation 

3.1 trutil more conclusive data are obtained, samples sho·uld be 
preserved by acidification with nitric acid to a pH of 2 or 
lower immediately at the time of collection. 

Interference 

4.1 

4.2 

4.3 

Possible interfere~ce from sulfide is eliminated by the addition 
ot potassium permangauate. CQncentrations as high as· 20 mg/1 of 
sullide as sodium sulfide do not interfere with the recovery of 
added inorganic mereury from distilled water. 

Copper has. also been reponed to inter£ ere; however, copper 
concentrations as high as 10 mg/1 had no effect on recovery of 
mercury from spiked samples. 

Sea waters, brines and industrial effluents high in chlorides 
require additional permanganate (as much as 25 ml). During the 
oxidation step, chlorides are converted to free chlorine which 
rill also absorb radiation of 2.53 a.m. Care must be taken to 
assure that free chlorine is absent before the mercury is reduced 
and svept into the cell. 'this may be accomplished by using an 
excess of hydroxylamine sulfate reagent (25 ml). In addition, 
the dead air space in the BOD bottle must be purged before the 
additiou of st.umous sulfate. Both inorganic and organic mercury 
spikes have been quantitatively recovered from the sea. water using 
this technique. 

4.4 Interference from certain volatile organic materials which will 
absorb ac this wavelength is also possible. A preliminary run 
without reagents should determine if this type of interference is 
present (see Appendix 11.1). 

5. Aoparatus 

5.1 Atomic Absorption Spectrophotometer: (See Note 1) Any atomic 
absorption unit having an open sample presentation area in which 
to moune the absorption cell is suitable. Instrument settings 
recommended by the panicular manufacturer should be followed. 
NOT! 1:· Instruments designed speci!ica.lly for the measurement 
ol ~rcury using the cold vapor technique are co=merc1a.1ly available 
and may be substituted for the atomic absorption spectrophotometer. 
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5.2 Mercury Hollow Cathode Lamp: Westinghouse WL-22~47, argon filled, 
or equivalent. 

5.3 Recorder: Any multi-range variable speed recorder that is compatible 
•with the UV detection system is suitable. 

5.4 Absorption Cell: Standard spectrophotometer cells 10 ~ long, having 
quartz end windows may be used. Suitable cells may be constructed 
from plexiglass tubing, 1· O.D. X 4-1/2-. The ends are ground per­
pendicular to the longitudinal axis and quar~z windows (l• diameter 
X 1/16. thickness) are cemented in place. The cell is strapped to 
a burner for support and aligned in the light beam by use of t"'.Jo 2· 
by 2• cards. Oue inch diameter holes are cut in the middle of each • c:ar.d; the cards are then placed over each end of the cell. !he cell 
is then pos~ioned and adjusted vertically and horizontally to find 
the maximum transmittance. 

5.5 Air Pump: Any peristaltic pump capable of delivering 1 liter of air 
per minute may be used. A Masterflex pump with electronic speed 
control has been found to be satisfactory. 

5.6. Flowmeter: Capable of measuring an air flow of 1 liter per minute. 

5.7 Aeration Tubing: A straight glass fit having a coarse porosity. 

5.a 

Tygon.tubing is used for passage of the mercury vapor from the 
sample bottle to the absorption cell and return. 

Drying Tube: 6• X 3/4. diameter tube containing 20 g of magnesium 
perchlorate (see Note 2). The apparatus is assembled as shown in 
Fi~re 1. 

NO'!E 2: In place of the maguesiu:m perchlorate drying tube, a small 
reading la:mp with 60W bulb may be used to prevent condensation of 
mois:u·re inside the cell. The lamp is positioned to shine on the 
absorption cell Uintaining the air temperature in the cell about 
1o•c above a:mbient. 

Reagents 

6.1 Sul!uric Acid, Cone: Reagent grade. 

6.1.1 Sulfuric acid, 0.5 N: Dilute 14.0 ml of cone. sulfuric acid 
to 1.0 liter. 

6.2 Nitri~ Acid, C~nc: Reagent grade of low mer~ry content (see Note 
3). NOTE 3: If a high reagent blank is obtained, it may be neces­

'sary to distill the nitric acid. 
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Method 245.1 CLP-M (cont.) 

6.3 Stanno~ Sulfate: Add 25 g stannous sulfate to 250 ml of O.S 
N aulfuric acid. !his mixture is a suspension and should be 
atirred continuously during use. (Stannous chloride may be 
in place of atannous sulfate.) · .. 

6.4 Sodium Chloride-Hyroxylamine Sulfate Solution: Dissolve 12 g o 
aodium chloride and 12 g of hydroxylamine sulfate in distilled 
water and dilute to 100 ml. (Hydroxylamine hydrochloride may be · 
used in place of hydroxylamine sulfate.) 

6.S Potassium Permanganate: S% solution, w/v. Dissolve S g of 
potassium permanganate in 100 ml of distilled water. 

6.6 Potassium Persul!ate: 5% solution, w/v. Dissolve 5 g 
persulfate in 100 ml of distilled water. 

6.7 Stock Mercury Solution: Dissolve O.l3S4 g of mercur!c chloride 
7S ml of distilled water. Add 10 ml of cone. nitric acid and 
adjust the.volume to 100.0 ml. 1 =l- 1 mg ag. 

AIR PUMP 

DESlCet.NT [ ""-' _,J' J 
ASSORPTION 

8~88LER CELL 
SCRUBBER 
CONTAINING .__ _ __. 

SAMPLE SOLUTION 
IN 8 0 D BOTTLE 

A MERCURY .. -
ASSORSING 
MEDIA 

-'-' 

fl.-

Figure 1. Apparacus for Flameless Mercury Uecer~nacion. 

0 - 41 



hod 245.1 CLP-M (cont.) Met 

0.a ~orking Mercury Solution: Make successive dilutions of the stock 
mercury solution to obtain a working standard containing 0.1 ug per 
ml. This working standard and the dilutions of the stock mercury 
aolution should be prepared fresh daily. Acidity of the working 
standard should be maintained at 0.15% nitric acid. This acid 
should be added to the flask as needed before the addition of the 
aliquot. 

7. Calibration 

1.1 Transfer 0, 0.5, 1.0, 5.0 and 10.0 ml aliquots of the working 
mercury solution containing 0 co 1.0 ug of ~rcury to a series of 
300 ml BOD bottles. Add enough distilled water to each bottle to 
u.ke a total volume of .100 ml. Mix thorougtll.y and add S ml of cone. 
sulfuric acid (6.1) and 2.5 ml of cone:. nitric: acid (6.2) to each 
bottle. Add 15 ml of KMn04 (6.5) solution to each bottle and a11o~ 
to stand at least 15 minutes. Add a ml of potassium persulfate (6.6) 
to each bottle and heat for 2 hours in a water bath maintained at 
95•c. Cool and add 6 ml of sodium chloride-hydroxylamine suliate 
solution (6.4) to reduce the excess per:anganate. ~en the solution 
has been decolorized wait '30 seconds, add. 5 ml of the stannous 
sulfate solution (6.3) and immediately attach the bottle to the 
aeration apparatus forming a closed system. At this point the 
sample is a.llo~ed to stand quietly without manual agitation. !he 
circulating pump, which has previously been adju~ted to a rate of 
1 Uter per minute,. is allowed to. run continuously (see Note 4). 
The absorbance will increase and reach =aximum within 30 seconds. 
As soon as the recorder pen 1eve~ off, approximately 1 minute, 
open the bypass valve and continue•the aeration until the absorbance 
returns to its min~m value (see Note 5). Close the bypass valve, 
remove the stopper and frit from the BOD bottle and continue the 
aeration. Proceed with the standards and construct a standard 
curve by plotting peak heig~t versus micrograms of mercury. 

NOTE 4: An open system where the ~ercury vapor is passed through 
the absorption cell only once may be used instead of the closed 
system. 

NOTE 5: Because of the toxic nature of ~ercury vapor precaution 
must be taken to avoid its inhalation. Therefore, a bypass has 
been included in the system to either vent the ~ercury vapor into 
an exhaust hood or pass the vapor through some absorbing ~edia, 
such as: 

a) equal volumes of 0.1 M ~~04, and 10% H2S04 
b) 0.25% iodine in a 3% a Kl solution 

A specially treated charcoal that will adsorb :ercury vapor is also 
available from 5arnebey and Cheney, ~. 8cn Ave. and N. Cassidy St., 
Columbus, Ohio 43219, Cat ~580-lJ or 1580-22. 
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Method 245.1 CLP-M (cone.) 

a. 

9. 

Procedure 

8.1 Transfer 100 ml, or au aliquot diluted co 100 ml, containing no 
more chan 1.0 ug of t~~ercury, ·co a 300 ml BOD bottle •. Add 5 ml 
sulfuric acid (6.1) and 2.5 ml of cone. citric acid (6.2) 
attar eac:h additon.. Add 15 az.l of potassium permanganate soluti 
(6.5) to eac:h sample bottle (see Noce 6). For sewage samples 
adciitianal permauganate may be required. Shake and add addi .. - ......... :::~~: 
portiocs of potassium permanganate soluti~u, i! necessary, 
purple color penises for at lease 15 minutes. Add 8 ml of 
persulfate (6.61 to eac:h bottle. and heat for 2 hours in a wate 
at 9s•c-. 

NOT.! 6: The same amount of XMn04 added co the samples should 
present in st.audards and bl.mks. 

~l and add 6 -az.!Of sodium chloride-hydroxylamine suUate (6:-4) 
reduce the excess permanganate (see Note 7). After a delay of at. 
least 30 seconds add 5 ml of stannous sulfate (6.3) and 
attac:h the bottle to ·the aeracio~ apparatus. Continue as 
under Calibration. 

NO'l'.E 7: Add reductant in 6 mL increments until IMn04 is co~npletely--, 
reduced. _ :u 

Cal cula ti on 

9.1 Determine the peak height of the unknown from the chart and read 
the mercury value from the standard eurve. 

9.2 Calculate the mercury concentration in the sample by the formula: 

ug Hg in 1,000 
ug Hg/l • a.l.iquoc I 

volume of aliquot in ~ 

'.t'-~: 

9.3 Repo~ mercury concentrations as follo~s: Below 0.2 ug/1, 0.2U; 
becween 0.2 and 10 ug/1, one decimal; above 10 ug/1, ~hole a.u~noers. 

10. Aooendix 

10.1 -While the possibility of absorption fro~n certain organic substances. 
actually being present in the sample does exist, tMSL has a.oc enco~ 
tered such samples. This is mentioned only to caucioa. the analyst ::~ 
of the possibility. A simple correc:tioa.·that may be used is as ~~ 
follows: !f an interference has been found to be present (4.4), the~! 
sample should be analyzed both.by using the regular procedure and·~. 
again under oxidizing conditions only, that is ~ichouc che :educing B' 
reagents. The true mercury value can then be obtained by subtracting 
the two values. 

/ 
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10.2 lf additional sensitivity is ~equired, a 200 ml sam?le with 
recorder expansion may be used provided the instrument does not 
produce undue noise. Using a Coleman MAS-50 with a drying tube 
if magnesium perchlorate and a variable recorder, 2 mv was set 
to read full scale. ~ith these conditions; and distilled water 
solutions of mercuric chloride at concentrations of 0.15,. 0.10, 
O.OS and 0.025 ug/l the standard deviations were +0.027, +0.0006, 
+0.01 and +0.004. Percent recoveries at these levels were 107, 
&3, 84 and-96%, respectively. 

10.3 Directions for the disposal of mercury-containing wastes are 
given in AS!M Standards, Part 31, ~ater·, P• 349, Method 03223 
(1976). 
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Method 245.2 CLP~* (Au~oma~ed Cold Vapor Technique) 
• • 

1. Scope and A~plica~ion 

1.1 The working range is 0.2 to 20.0 ug· Hg/l. 

2. Summary of Method 

2.1 

2.2 

The flameless AA procedure is a physical method based on the 
absorption of radiation a~ ~3. 7 nm by mercury vapor. The 
ia reduced t.o the e.lemental state anti aerated from solution. 
mercury vapor pass~ through a call· positioned in the light path 
an atomic absorption specerophotometer. Absorbance"(peak height 
measured as a func~ioa of mercury concentration and recorded in 
usual 11121m1er. 

.• ,~. .. 
:~~: 
.,:1t~:. 

In addition to inorganic forms of mercury, organic mercurials may~~~ 
also be present. These organo-merc:ury compounds will aot respond L" 
to the flameles.s atomic absorption teclmique unless they are first;~ 
broken down and converted to mercuric ions. Potassium perm.aagan.a.ci.:. 
oxidizes many of these compounds, bu~ recen~ studies have shown that 
a number of organic mercurial.s, including phenyl mercuric acetate :': 
and methyl mercuric chloride, are ouly P.artially oxidized by thi.s -,. 
reagen~. PotassiWZl per.sulfate has been found to give approximately~ 
100% recovery when used as the O%idaae with these compounds. !herr 
fore, an au~omated persulfate oxidation step following the automat" 
addition of the permanganate has been included to insure that organ~ 
mercury compounds, if present, will be oxidized to the mercuric ion · 
before measurement. 

3. Sample Handling and P~eservation 

J.l Until more conclusive data are obtained, samples should be preserved 
by acidilication with aitric acid to a pa of 2 or lower immed~tely 
a~ the time of collection<!) (see Exhibit F). 

* CLP-M Modified for the contract Laboratory Program 
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~echod 245.2 CLP-M (cont.) 

4. Interference (see NOTE l) 

4.1 Some sea waters and waste-waters high in chlorides have shown a posi­
:ive interference, probably due to the formation of free chlorine. 

4.2 Interference from certain volatile organic materials which will 
absorb at this wavelength is also possible. A preliminary run under 
oxidizing conditions, without stannous sulfate, would determine if 
t~ type of interference is present. 

4.1 Formation of a heavy precipitate, in some wastewaters and effluents, 
has been reported upon addition of concentra;ed sulfuric acid. If 
this is encountered, the problem sample cannot be analyzed by this 
method. 

4.4 Samples containing solids must be blended and then mixed while being 
sampled if total mercury values are to be reported. 

NOTE 1: All the above interferences can be overcome by ~se of the 
Manual Mercury method. 

5. Accaratus 

5.1 Technicon Auto Analyzer consisting of: 

5.2 

5.3 

5.1.1 Sampler II with provision for sample mixing. 

5.1.2 Manifold. 

5.1.3 Proportioning ~mp II or III. 

5.1.4 Hlgh temperature heating bath with cwo distillation coils 
(Technicon Part ll16-Q163) in series. 

Vapor-liquid separator (Figure l). 

Absorption cell, 100 =m long, 10 mm diameter ~th quartz windows. 

5.4 Atomic Absor?c~on Spectrophotometer (see ~ote 2): Any atomic 
absorption unit having an open sample presentation area in which 
to mount the absorption cell is suitable. Instrument settings 
recommended by the particular manufacturer should be followed. 

NOTE 2: Instruments designed specifically for the measurement of 
mercury using the cold vapor technique are commercially 
available and may be substituted for the atomic absorption 
spectrophotometer. 

5.5 Mercury Hollow Cathode tamp: Westinghouse ~~-223~7, argon filled, 
or equivalent. 
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Method 245.2 CLP-M (cont.) 

5.6 Recorder: Any multi-range variable speed recorder that is 
ible with the UV detection system is suitable. 

5.7 Source of cooling water for jacketed lllixing coil 

5.8 Rea: lamp: & small reading lamp with 60W bulb may be used to 
preven~ condensation of moisture inside the cell. The lamp is 
positioned to shine oa the absorption cell maintaining the air 
temperature in the cell about 10•c above ambient. 

6. Reageut.s 

6.1 Sulfuric Add, CQnc:: R.eagtant grade 

6.2 

6.1.1 Sulfuric ac:id, 2 N: Dilute .56 ml of cone:. sulfuric ac:id 
1 liter with distilled water. 

6.1.2 Sulfuric: ac:id, 10%: Dilute 100 ml cone:. sulfuric: ac:id 
1 liter with distilled water. 

Nitric: ac:id, ~nc:: Reagent grade of low mercury content. . .. · .. 
--~~~-. 

6.2.1 Nitric Acid·, 0 • .5% W'ash. Solution: Dilute 5 ml of 
nitric ac:id to l liter with distilled water. 

concent-rated··.: 
.l,.:~:-

6.3 

,,~r 
_:.:-

Stannous Sulfate: Add SO g stannous su~fate to 500 ml of 2 N 
sulfuric: acid !o.l.l). This taixture is a suspension and should be.-
stirred continuously during use. ~~.;~· 

NO'I'E 3: Stannous chloride may be used in place of stannous sulfate';~ 

6.4 Sodium Chloride-aydroxylamine Sulfate Solution: Dissolve JU g of 
sodium chloride and JO g of hyd-roxylamine sulfate in distilled . 
water to l liter. 

NO'I'E 4: Hydroxylamine hydrochloride may be used in place of 
hydroxylamine sulfate. 

b.S Potassium Pe~nganate: 0.5% solution, w/v. Dissolve S g of 
potassium permanganate in l liter of distilled water. 

o.6 Potassium Permanganate, 0.1 N: Dissolve 3.16 g of pocassiu= 
permanganate in distilled water and dilute to 1 liter. 

;;;...-. .. 
.~ ... -, 

··-4:~ 

.. -~~~ 

:i~ 
Potassium Persulfate: 0.5% solution, w/v. Dissolve 5 g pocassiu= ~ 
persulfate in 1 liter of distilled water. ~ 

o.7 

6.~ Stock ~ercury Solution: Dissolve 0.1354 g of =ercuric chloride in 
75 ml of distilled water. Add 10 ml of cone. nitric acid and 
adjust the volume to 100.0 ml. 1.0 ml • 1.0 mg Hg. 

0 - 47 
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thod 245.2 CI.P-M (cone.) 
~ 

6.9 ~orking Mercury Solu~ion: Make successive dilutions of the stock 
mercury solu~ion (6.8) to obtain a working standard containing 0.1 
ug per ml. This working standard and the dilutions of the stock 
mercury solution should be prepared fresh daily. Acidity of the 
working standard should be maintained at 0.1.5% nitric acid. This 
acid should be added to tne flask as needed before the addition of 
the aliquot. From this solution pr~pare standards containing 0.2, 
0 • .5, 1.0, 2.0, S.O, 10.0, 1.5.0 and 20.0 ug Hg/1. 

6.10 Air Scrubber Solutiou: Mix equal volumes of 0.1 N potassium 
permanganate (6.6) and 10% auliuric acid (6.1.2). 

7. P-rocedure 

7.1 Se~ up manifold as shown in Figure 2. 

7.2 Feeding all the reagents through the system with acid wash solution 
(6.2.1)- through the sample line, adjus~ heating bath to 1os•c. 

7.3 Turn ou atomic absorption spectrophotometer, adjust instrument 
se~tings as recommended by the manufac~urer, align absorption cell 
in light path for maximum transmittance and place heat lamp direc~ly 
over absorption cell. 

7.4 

7 • .5 

Arrange working mercury standards from 0.2 to 20.0 ug Rg/l in sampler 
~d star~ sampling. Complete loading of sample tray with unknown 
lallll)les. 

P-repare standard ~rve by plotting peak height of processed standards 
against concentration values. Determine concentration of samples by 
cc~ar~ng sample peak height ~th standard curve. 

NOTE 5: Because of the toxic ~ature of mercury vapor, precaution 
must be taken to avoid its inhalation. Venting the mercury vapor 
·in:o an exhaust hood or passing the vapor through some absorbing · 
media such as: 

a) equal volumes of 0.1 N KMn04(6.6) and 10% H2S04 (6.1.2). 
b) 0.2.5% iodine in a 3% Kl solution, is recommended. 

A specially treated charcoal that ~11 adsorb mercury vapor is also 
availale from Barnebey and Cheney, E. 8th Ave. and North Cassidy St., 
Columbus, Ohio 43219, Cat, #580-13 or 1580-22. 

7.6 After the analysis is complete put all lines except the HzS04 line· 
in distilled water to wash out system. After flushing. ~as out the 
H2S04 line. Also flush the coils in the high temperature heating bath 
by pumping stannous sulfate (o.3) through the sample lines followed 
by distilled ~ater. !his will prevent build-up of oxides of ~nganese. 
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Method 245.2 CLP-M (cone.) 
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Figure 1. Vapor liquid separa~or. 
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MERCURY (in Sediments) 

Method 245.5 CLP-M* (Manual Cold Vapor Technique) 

1. Scope and ·A~~lication 

1.1 This p~ocedure measures total mercury (organic and inorganic) in 
soil~, sediments, bottom deposit~ and sludge type materials. 

. . 
1.2 The range o~rthe method is G.2 to S ug/g. "The range may be ex~ended 

above or below the normal range by increasing or decreasing sample 
si:e o~ through instrumen~ and recorder control • 

. 
2. Summary of Method· 

2.1 A weighed portion of the sample is acid digested for 2 minutes at 
95•c, followed by oxidation with potassium permanganate and potassium 
persulfate. Mercury in the digested sample is then measured by the 
conventional cold vapor technique. 

2.2 An alternate digestion involving. the use of an autoclave is described 
in (ij.2). 

3. Sam~le Handling and P~eservation 

4. 

3.1 Because of the ex~reme sensitivity of the ana.lytical procedure and 
the omnipresence of mercury, care must be taken to avoid extraneous 
contamination. Sampling devices and sample containers should be 

. ascer~a.ined to be free of merc:.ury; r:he sample should c.ot be exposed 
to any condir:ion in. the laboratory that may result in contact or 
air-borne mercury contamination. 

3.2 Refrigerate solid samples upon receipt. 

3.3 The sam~le should be analy:ed ~ithout drying. A separate % 
determinacion is requi~ed. (Exhibit ~, Attachment 9). 

solids 

Interferences 

4.1 The same types of interferences that may occur in ~ater samples .are 
also possible ~ith sediments, i.e., .sulfides, high copper, high 
chlorides, etc. 

*CLP-M modified for the Contract Laboratory Program 
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Method 245.5 CLP-~ (cont.) 

4.2 Volatile materials which absorb at 253.7 nm will cause a posi 
interference. In order to remove any interfering volatile mat 
purge the dead air space in the BOD bottle before the addition 
stannous sul!ace. 

5. Apparatus 

5.1 Atomic Absorption Spectrophoto~ter (see Note 1): Any atomic a 
cion unit having an open. sample presentation area in which to mount=::': 
the absorption cell is suitable. Instrument settings recommended J:t 
the particular anulaccurer should be followed. ·'~;~~ 

£;; 
NOTE l: Instruments designed specifically for the measurement o~ (> 

~~~erc:ury uaing the cold vapor teclmique are c0111:mercially available · 
and ay be substituted for the atomic absorption spectrophotometer·~· 

.... ·:· 
~--·_ 

5.2 Mercury Ro.Uow Cathode Lamp: ~estinghouse WL-22847, argon filled,::~. 
or equivalent. 

5.3 iecorder: Any multi-range variable speed recorder that is compatibla 
with the. OV detection system is suitable. 

5.4 · Absorption Cell: Standard spectrophotometer cells 10 o: long, ha~g 
quart.: end windows may be used. Suicable cells many be construct:ed 
from pexigla.ss cubing, 1- O.D. X 4-l/2·. !he ends are ground perpeu­
Qicular co the long1cudinal axis and quartz windows (1- diameter I 
l/16. thickness) are cemented in place. Gas inlet and outlet ports 
(also of plexiglass but l/4. O.D.) are attached approximately 112• 
from each end. !he cell is strapped to a burner for support and 
aligned in the light beam to give the maximum transmittance. 

s.s 

5.6 

NOn: 2: Two z• X z· ca.rd.s wich one inch diameter holes m.ay be 
placed over each end of the cell to assist in positioning the cell 
for maximum transmittance. 

•'"'."'1. ..• 

Air Pump: Any peristaltic pump capable of 
per minute may be used. A Masterflex pump 
control has been found to be $atisfatory. 
can be used in an open one-pass system.) 

delivering 1 liter or 
with electronic speed 
(Regulated compressed 

air:·:.: 

-~~ 

Flo~eter: 

air~ 
:i, 

~~~.' 
Capable of measuring an air flow of 1 licer per ~nuce. 

0 - .53 
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Method 245.5 CLP-M (cont.) 

6. 

5~7 Aeration Tubing: Tygon tubing is used for passage of the ~ercury 
vapor fro~ the sample bottle to the absorption cell and return. 
Straight glass tubing terminating in a coarse porous frit is used 
for sparging air into the sample. 

5.8 Drying Tube: 6• I 3/4• diameter tube containing 20.g of ~gnesium 
perchlorate (see Note 3). The apparatus is assembled as shown in 
the accompanying diagram. 

NOTE 3: In place of the magnesium perchlorate during tube, a small 
reading l~ with ~OW bulb may be used to prevent condensation of 
moisture inside the cell. The lamp is positioned to shine on the 
absorption cell maintaining che air temper~ture in the cell about 
1o•c above ambient. 

Reagents 

6.1 SuUuric add, cone.: B.eagent grade of low urcury content. 

o.2 Nitric: add, cone.: Reagent grade of low =ercury content. 

6.3 Seannous Sulfate: Add 25 g stannous sul.fate to 250 ~ of 0.5 N 
sulfuric acid (~.2). This mixture is a suspension and should be 
stirred continuously during use. 

6.4 Sodium Chloride~Rydroxylamine Suliate Solution: Dissolve 12 g of 
sodium chloride and 12 g of hydroxylamine sulfate in distilled ~ater 
and dilute to 100 ~. 

NOTE 4: A 10% solution of stannous chloride ~y be substituted 
for (6.3) and hydroxyl3mine hydrochloride may be used in place of 
hydroxylamine sulfate in (6.4). 

&.5 Potassium Permanganate: 5% solution, w/v. Dissolve 5 g of potassium 
permanganate in 100 =l of distilled water. 

o.o Potassium Persulfate: 5% solution, w/v. Dissolve 5 g of potassium 
persulfate in 100 =l of distilled ~ater. 

o.7 

o.a 

Stock Mercury Solution: Dissolve 0.1354 g of =ercuric chloride in 
75 ~ of distilled water. Add ~ of cone. nitric acid and adjust 
the volume to 100.0 =1. l.Q - 1.0 mg ag. 

~orking Mercury Solution: Make successive dilutions of the sto~~ 
=ercury solution (6.7) to obtain a working standard containing 0.1 
ug/ml. !his working standard and the dilution of the stock =ercury 
solutions should·be prepared fresh daily. Acidity of the working 
standard should be ~intained at 0.15% nitric acid. !his acid 
should be added to the flask as needed before the addi.tion of the 
aliquot. 
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Method 245.5 CLP-M (cont.) 

7. Calibration 

~. 

1.1 Transfer 0, 0.5, 1.0, 3.0 and 10 ml aliquots of the working 
solutions (6.8) containing 0 to 1.0 ug of aaerc:ury to a seri~N~~~ 
ml BOD bottles. Add enough distilled water to each bottle 
total volume ·of 10 ml. Add 5 ml of c:onc:. R2S04 (6.1) and 2. 
con c. BN03 ( 6. 2) and heat 2 minutes in a. water bath at 95 •c. ';&•.~ ~-;;~~,:; 
the sample to cool and add 50 ml distilled water, 15 all of 
solution (6.5) and a ml of potassium persul!ata solution (6. 
each bottle and rat:urn to the water bath for 30 minutes. ~·~,~ ~~M~:t 
add 6 ml of aodiwla chloride-hydroxylamine sulfate solution (6 , 
reduce the excess permanganate. Acid 50 m.l of distilled water · 
Treat:ing each bott:le individually, add 5 ml of stannous sulf 
solution (6.3) and immediately attach the bottle to the aera--~~~~~, 
apparatus. A: thi.s point the sample is allowed co stand quie _ _,~ ... , .. 
without manual agitation. 'l'he circulating puurp, which ha.s p 
been adjusted co a rate of 1 liter per minute, is allowed to 
continuously. The absorbance, as exhibited either on the •~~·~~~.~· . ~~~~ 

photometer or the recorder, Will increase and reach tu:d.mum with!it: 
30 seconds. A.s soon a.s the recorder. pen levels off., approximace.if:l 
lllinute, open the bYlJass valve and continue the aeration 1.1.Ilti1 thl(' 
absorbance returns co its minimum value (see Note 5). Close theif..;t;. 
bypass valve, remove the fritted cubing from the BOO bottle and::~;: 
continue the aeration. Proceed with the standards and c:onstruc:tfi;< 
standard curve by plotting peak height vers~ mcrograms of 111er~. 

. "t:O.. 

NOTE S: Because of the toxic: nature of 111erc:ury vapor precautiot(h 
lll'USt be taken to avoid its inhalation. Therefore, a bypass .,has bea 
included in the system co either vent the a~er~c:ury vapor into an .'k:· 
exhau.st hood or pass the vapor through some absorbing media, suc:h~u: 

a) equal volumes of 0.1 N KMn04 and 10% azS04 
b) 0.25% iodine in a 3% II solution 

A sped.ally treated cr .... :c:oa1 that will absorb 111ercury vapor is ai:io 
available frolll B.aruebey and Cheney, E. 8th Avenue and N. Cassidy '·t 
Sreet, Columbus, Ohio 43Z19 

P"rocedure 

8.1 Weigh a representative 0.2 g portion of wee sample and place in chl 
bottoaa of a BOO bottle. Add 5 alL of sulfuric: ad.d (6.1) and 2.5 mL 
of c:onc:entrated nitric ad.d ( 6 .-2) alixing af t:er each addi cion. ae~~~-:­
~o minutes in a water bach at 95•c. Cool, add 50 all distilled ;~ 
water, 15 alL potassium permangan.ate solution (6.5) and 8 alL of .. ~ 
potassium persu1£ace solution (6.6) to each sample bottle. Mix ·~1f· 
thoroughly and place in the water bath for JU minutes at 95•c. Ca~~ 
and add o mi. of sodium chloride-hydroxylamine sulfate (6.4) co reduce 
t:he excess pe~nganace. Add 55 mi. of distilled wacer. !reacing 
each bottle individually~ add 5 1111 of stannous sulface (6.3) and 
immediately attach che boctle co che aeracion apparatus. Continue 
as described under (7.1). 
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N. C.as 
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L) and. 
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distil 
: 8 !IlL 
:tle • 
at 95• 
(6.4) 

.. ·e 
~ (o.3) 
lS. Co 

8.2 An alternate digestion procedure employing au autoclave =ay also be 
used. In this method S ml of cone. H2S04 and 2 ml of cone. HN03 
are added to the 0.2 g of sample. 5 ml of saturated XMn04 solution 
and 8 ml of potassium persulfa.te solution are added and the bottle is 
covered with a piece of aluminum foil. The sample is autoclaved at 
121•c and 15 lbs. for 15 minutes. Cool, make up to a volume of 100 
ml with distilled water and add 6 ml of sodium chloride-hydraxyla~ne 
aul!ate aoluti~ (6.4) to reduce the excess permanganate. Purge the 
dead air apace and continue as described under (7.1). 

Cal cula tiona 

9.1 Measure the peak height of the unknovu from the chart and read the 
mercury value from tbe.standard curve. 

9.2 Calculate the mercury conceueration in the sample by the formula: 

9~3 

ug R! in the aliauot 
ug Rg/g • we of the aliquot in gms (base~ upon dry ~ a~ the sample) 

Report mercury concentrations as fallows: !elaw 0.1 ug/gm, O.lU; 
beeweeu 0.1 and l ug/gm, to the nearest 0.01 ug; becween 1 and 10 
ug/gm, to nearest 0.1 ug; above 10 ug/gm, to nearest ug. 

1. Bishop, J. N., ~ercury in Sediments•, Ontario ~ater Resources 
Com=., Toronto, Ontario, Canada, 1971. 

2. 

3. 

4. 

Salma, M., private communication, EPA Cal/Nev. !asin Office, 
A.lme<!a, c.a.li.f ornia. 

·rncerim Methods for the Sampling and Analysis of Priority Pollutants 
in Sediments and Fish !issue,· USEPA Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio, August 1977, Revised October 
1980. 

Op. cit. (;3), Methods 245.1 or 245.2. 

!. 
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Martin Marietta Environmental Systems 

CYANIDE TOTAL - WATER AND SEDIMENTS 

The procedures as specified in the CLP SOW No. 785 analytical 
section (Exhibit D) will be followed. Specifically, the 
Titrimetric Determination (Option A) or the Manual Spectrophotometric 
Determination (Option B) will be used for water (see Attachment 
7) and for sediments (see Attachment 8). 



· Method 33S.2 CLP-M* (Titrimecric; Manual Spectrophocomecric; 
Semi-Automated Spectrophoto=ecric) 

1. Scope and Aoplication 

1.1 This method ia applicable to che determination of cyanide 
aurfaca and aaline· waters, domestic and industrial wastes. 

1.2 the titra:ion procedure using silver nitrate with p-dimethy.~~~~~, 
benzalrnodanine indica:or i~ used for-measuring concentrations o 
cyanide exceeding 1 mg/l (0.2S mg/lSO ml of absorbing liquid). 
(Option A) 

1.3 · The lll8llual colorolDetric procedure is used for concentrations 
1 mg/l.ot cyanide and i~ sensitive co about 0.02 mg/l. (Option 3 · · 

1.4 the working range of the semi-automated spectrophotometric method 
1a 0.005 co 0.200 mg/l. Signer level samples must be diluted co 
tall within the working range. (Option C) 

2. Summary of Method 

2.1 The cyanide as hydrocyanic acid (RCN) is released frolll cyanide :~:-"'7. 

2.2 

2.3 

complexes by !Ileana of a refltD:-disr:illatioa. operation and absorbedO:L 
in a scrubber conr:uning sodium hydroxide solution. The cyanide io.€;. 
in the absorbing solution is chen determined by volumetric ci:ratioii;\'' 

-~·-"" or =lorimetrically. 5 

In the colorimetric measurement the cyanide is converted to cyanogen 
chloride, CNCl, by reaction with chloramine-! at a pa less than 8 
without hydrolyzing to the cyanate. After the reaction is complete, 
color is formed on the addition of pyrtdine-pyrazolone or pyridine-'::; 
barbituric acid reagent. The absorbance is read at 620 nm ~hen ':~ 
using pyridine-pyra:olone or 578 am for pyridine-barbituric acid. · 
To obtain colors of comparable intensity, it is essential to have ,. 
the sa=e sale content in both the sample and the standards. -~~ 

~--:-.~~:;: 

--~ .. 
The titimetric measurement uses a standard solution of silver nitrate 
·to titrar:e cyanide in the p~esence of a silver sensitive indicator.!~ 

-~~ 
?.k 
jf. 
·~-

~ 
*CLP-M Modified for the Contract Laboratory Program 

o·- 57 
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Method 335.2 CLP-M (cont.) 

Definitions 

3.1 Cyanide is defined as cyanide ion and complex cyanides converted to 
hydrocyanic acld (HCN) by rea~tion in a reflux system of a =ineral 
acid in the.presence of magnesium {on. 

4. Samnle Handling and P~eservation 

~.1 All bottles must be thoroughly cleansed and rinsed to remove soluble 
material from containers. 

4.2 Oxidizing agents such as chlorine deco=Pose mest of the cyanides. 
test a drop of the sam-ple with potassium io.dide-starch test paper 
(XI-starch paper); a blue color indicates the need for treatment. 
Add ascorbic acid, a few crystals at a time, until a drop of sample 
produces no color on the indicator paper. then add an additio~al 
0.6 g of ascorbic acid for each liter of sample volume. 

~.3 Sa=Ples must be preserved With 2 ml of 10 N sodium hydroxide per 
liter of sample <P.~ 12) at the time of collection (see Exhibit F). 

~.~ Samples should be- analyzed as rapidly as possible after collection. 
the samples must be stored in a refrigerator or in an ice chest 
filled with water and ice to maintain a temperature of 4•c (see 
Exhibit F). 

5. Interferences 

5.1 Interferences are eliminated or reduced by using the distillation 
procedure described in Procedure 8.1. 

5.2 Sulfides adversely affect the colorimetric and titration procedures. 

5.3 

If a drop of the distillate on lead acetate test paper indicates- the 
presence of ~ulfides, treat'25 ml more of the sample than that required 
for the cyanide determination with powered cadmium carbonate. Yellow 
cadmium sulfide precipitates if the sample contains sulfide. Repeat 
this operation until a drop of the treated sample solution does not 
darken the lead acetate test paper. Filter the solution through a 
dry filter paper into a dry beaker, and from the filtrate measure 
the sample to be used for analysis. Avoid a large excess of cadmium 
carbonate and a long contact time in order to minimize a loss by 
complexation or occlusion of cyanide on the precipitated material. 
Sulfides should be removed prior to preservation with sodium hydroxide 
as described in 4.3. 

!he presence of surfactants may cause the sample to foam during 
refluxing. If this occurs, the addition of an agent such as Dow 
Corning 544 antifoam agent will prevent the foam fro~ collecting 
in the condenser. Fatty acids will distill and fo~ soaps under 
alkaline titrat:ion conditions, making t:he end point almost impossi~le 
to detect. When this occurs, one of the spectropbocomet:ric methods 
should be used. 



Method 335.2 CLP-M (eon:.) 

6. Apparacus 

7. 

6.1 Rellux distillation apparatus such as shown in Figure 1 or Fi 
The boiling. flask should be of l liter size with inlet tube and·. 
provision ~or condenser. The gas absorber -may be a Fishe 
acrubber. 

6.2 Mieroburet, 5.0 =l (tor titration). 

6.3 Spectrophotometer suitable tor measurements at 578 nm or 620 nm. ·. 
a 1.0 em call or larger (for manual spectrophotometric method). 

6.4 Tec:hnieal AA II System, (tor automated spectrophotometric 
inc:luding: 

6.4.1 Sampler. 

6.4.2 Pwirp III. 

6.4.3 Cyanide Manilold (Figure 3). 

6.4.4 SCIC Colorimeter with 15 mm flowcells and 570 nm filters. 

6.4.5 Recorder. 

6.4.6 Data System (optional). 

6.4.7 Glass or plastic tubes for the sampler. 

l.eagents 

7.1 Distillation and P~eparation Reagents 

.. 
·•,;. 

7.1.1 Sodium hydroxide solution, 1. 2SN: Dissolve 50 g of NaOH.- in 
distilled vater, and dilute to 1 liter vich distilled vater. 

7.2 

7.1.2 

7.1.3 

7.1.4 

7.1.5 

Cadmium carbonate: powdered. 

Ascorbic acid: .crystals. 

Sulfuric acid: concentrated 

Magnesium chloride solution: Weight 510 g of 
into a 1000 ml flask, dissolved and dilute to 
distilled vater. 

: .. < 
-:!t 
. .;:-: 
1>~ 

~~ 

MgC1 2·6a 2o ~: 
1 liter vic:h f; .. ~ .:,-

Stock Standards and Titration Reagents 

7.2.1 Stock cyanide solution: Dissolve 2.51 g of ·KeN and 2 g 
in 1 liter of distilled vacer. Standardize vith 0.0192 
AgN03. 

0 - 59 
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335.2 C!.P-M 

7.3 

7.Z.2 Standard cyanide solution, intermediate: Dilute 50~0 =1 
of stock (1 ml • 1 mg CN) co 1000 ml with distilled water 
(1 ml • SO.O ug). 

7.2.3 Standard cyanide solution: Prepare fresh daily by diluting· 
100.0 ml of intermediate cyanide solution to 1000 ml with 
distilled water and store in a glass stoppered bottle. 
l ml •· S.O ug CN (.5 .o mg/l). 

7.2.4 Standard silver a.ir.rate solution, 0.0192 N: Prepare by 
c::ruahing approximately S g AgN03 crystals and drying r:o 
constant weight at 4o•c. ~eight out 3.2647 g of dried 
AgNOJ, dissolve in distilled water, and dilute to 1000 ml 
(l ml • l azg CN). 

7.2 • .5 

7.2.6 

Rhodanine indicator: Dissolve 20 mg of p-dimethyl-amino­
ben.zalrhodanine in 100 =1 · of ac:e tone • 

Sodium hydroxide solution, 0.2.5 N: Dissolve 10 g or NaOH 
in distilled water and dilute to 1 liter. 

Manual Spec:troohotometric Reagents 

7.3.1 

7.3.2 

7.3.3 

Sodium <iihydrogenphosphate, 1 M: Dissolve 138 g of 
NaH2Po4·a2o in a liter of distilled water. Refrigerate 
this solution. 

Chloramine-! solu;ion: Dissolve·1.0 g of white, water 
soluble chloramine-! in 100 ml of distilled water and 
refrigerate until ready to use. Prepare fresh weekly. 

Color Reagent - one of the following ~y be used: 

7.3.3.1 Pyridine-barbituric acid reagent: Place 15 g of 
barbituric aeid in a 2SO ml volumetric flask and 
add just enough distilled water to wash the sides 
of the flask and wet the barbituric acid. Add 75 
ml of pytidine and mix. Add 15 ml of HCl (sp gr 
1.19), mix, and cool to room temperature. Dilute 
to 250 =1 with distilled water and mix. !his 
reagent is stable for approximately six months if 
stored in a cool, dark place. 

7.3.3.2 Pyridine-pyrazoloae solution: 

7.3.3.2.1 3-Methyl-1-phenyl-2-pyrazolin-5-one 
reagent, saturated solution: Add 0.25 
g of 3-methyl-l-phenyl-2-pyrazolin-S-one 
to 50 ml of distilled water, heat to 6o•c 
with stirring. Cool to room te~perature. 

0· - 60 
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Method 335.2 CLP-M (cont.) 

8. 

7 •• 3.3.2.2 3,3'Dimethyl-l,l '-diphenyl [4,4' 
py~a:olin]-5,5'd1oae (bispy~a% 
Diasolve 0.01 g of bispy~a:olone'. 
till of ,yndine. 

7.3.3.2.3 Pour solution (7.3.3.2.1) 
ac:id-washed filter paper. CoU 
filtrate. through the same filt 
pour solution (7 .3.3.2.2) collec .. ~x~:• 
the filtrate in the •~me con .. ~-~~:~ 
filtrate f~om (7 .3.3.2.1). Mix - ... ...,.-r!dl 

filtrates are homogeneous. !he 
reagent develops a pink color but 
does not affect the color p 
with 'cyanide U used within 24 
pre para cion. 

7.4 Semi-Automated Soect~oohoeometric Reagents 

7.4.2 

7.4.3 

7.4.4 

Pl:'oc:edure 

Chloramine-! solution: Dissolve 0.40 g of cn.loramine-! 
diatilled ~ater and dilute to 100 =1. Prepare fresh 

-~ 

; ~ 

Phosphate buffer: Dissolve 138 g of NaH 2Po4·a2o in dis~ 
~a:er and dilute to 1 liter. Add 0.5 ml of Brij-35 (a~· 
from Tecllnicon). Store at 4 •c. ~~-\ 

Pyrtdine-barbituric acid solution: Transfer 15 g of ~; 
barbituric ac:id into a l liter volumetric flask.. Add abO~t 
.100 m.l of distilled ~ater and swirl the flask.. A.dd 74 1lll ot 
PYTidine and ~. Add 15 ml of concentrated HCl and mi%. 
Dilute co about 900 aLl. ~ir:h distilled ~ater and mix until· 
the barbituric acid is dissolved. Dilute r:o 1 liter ~Jtth -. 
di.1tilled ~acer. Store at 4 •c. '•·i>. 

Sampler ~ash: Dissolve 10 g of Naoa in distilled 
dilute to 1 liter. 

,-i~ 
w-acer and 

-~~+~. 
·.~~~i 
-;f,_t 
~"':~: 

1:5.1 Distillation 
.':j:..­

......... ~ 
-.. ~_ 

-~~ , 
~.1.1 Place SUO all of sample, or an aliquot diluted to 500 m.l 1rn; 

.the l li~er boiling flask. Add 50 aLl. of sodium hydrox14e~ 
(7.1.1) to the absorbing tube and dilute i! necessary w-iell.2l: 
di-1tilled ~ater co obtain an adequate depth of liquid in eh!: 

··,Y. 

absorber. Connect r:he boiling flask, condenser, absorber~ 
and trap in the train. 
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~echod 335.2 CLP-M (cone.) 

8.2 

8.1.2 

8.1.3 

8.1.4 

8.1.5 

Start a slow stream of air entering the boiling flask by 
adjusting the vacuum source. Adjust the vacuum so that 
approximately one bubble of air per second enters the 
boiling flask tnrough the air inlet tube. 

CAU'riON: the bubble rate will not remain constant after 
the reagents have been added and while heat is being applied 
to the flask. It will be necessary to readjust the air rate 
occasionally to prevent the solution in the boiling flask 
from backing up into the air inlet tube. 

Slowly add 2S ml concentrated sulfuric acid (7.1.4) through 
the air inlet tube. Rinse the tube with distilled water and 
allow the airflow to mix the flask contents for 3 minutes. 
Pour 20 ml of magnesium chloride solution (7.1.5) into the 
air inlet and wash down with a stream of water. 

Heat the soluti~ to boiling, taking care to prevent the 
solution from backing up into and overflowing from the air 
inlet tube. Raflux for one hour. Turn off heat and continue 
the airflow for at least 15 minutes. After cooling the 
boiling flask, disconnect absorber and close off the vacuum 
source. 

Drain the solution from the.absorber into a 250 ml volumetric 
flask and bringup to volume with distilled water washings 
from the absorber tube • 

• Titrimetric Determination (Ootion A) 

8.2.2 

8.2.3 

.. 
!f the sample contains more than l mg of CN transfer the 
.distillate, or a suitable aliquot diluted co 250 ml, co a 
SOO ml ~rlenmeyer flask. Add 10-12 drops of the benzal­
rhodanine indicator. 

Titrate ~th standard silver nitrate to the first change 
in color from yellow to brownish-pink. Titrate a distilled 
water blank using the same amount of sodium hydroxide and 
indicator as in the sample. 

The analyst should familiarize himself with the end point of 
the titration and the amount of indicator to be used before 
actually titrating the samples. A 5 or lO ml microburet ~y 
be conveniently used to obtain a more precise titration. 

0 - 62 
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Method 335.2 CLP-M (cont.) 

8.3 Manual Spectrophotometric Determination (Option B) 

8.3.1 

8.3.2 

Withdraw .50 ml or less of the solution from 
transfer to a 100 ml volumetric flask. If less t 
1ll 1.s tueu, dilute to .50 ml with o. 2.S N sodium 
aolution (7.2.6). Add 1.5.0 ml of sodium phosphate·~··~·~-~ 
(7.3.1) and mix. 

8.3.1.1 Pyridine-barbituric add method: Add 2 m.l. 
c:hloramine-T ( 7.3. 2) and mix. After l to 
llinutu, add .5 mJ. of pyridine-b~rbituric . 
aolutiou (7 .3.3.1) and mix. Dilute to mark._ .. _ ......... ,-.• 
diatilled water and =ix again. Allow 8 
for color development then read absorbance 
.578 am in·a 1 em call within 1.5 minutes. 

8.3.1.2 Pyridine-py~azolone method: Add 0.5 ml of 
chloramine-! (7.3.2) and mix. After l to 2 
add .5 ml of pyridine-pyra:olone solution (7.3 · 
and mix. Dilute to mark with distilled vace · 
mix again. After 40 minutes, read abso~banc:e'· 
620 am ill a 1 c= cell. 
NOTE: More th.au 0.5 of c:hloramine-T will prev•r 
the color from developing vith pyridine-pyra:o~, 

P~epare a mnimw~~ of 3 standards and a blank by pipetingz 
suitable volumes of standard solution into 2.50 ml volu~tr~ 
flasks. NOTE: One call bration s taudard IZZUS t be at the ~--- ,., 
To eac:h standard add .50 ml of l.lS N sodium hydroxide aU4.:,: 
ciiluce to 2.50 ml with distilled vacer. Standards IZZUSt ,·<'· 
bracket the concentration of the samples. If dilution ti 
required, use- the blank solution. As an example, standard 
solut:ious could be prepared as follows: 

-

ml of Standard.Solutiou 
(1.0 • 5 ug CN) 

0 
1. 0 
2.0 
s.o 

10.0 
1.5.0 
20.0 

Cone:. ug CN 
per 2.50 ml 

Blank 
5 

10 
2.5 
50 
60 

100 :i 
-~~~ 

~.3.2.1 It is noc imperative that all standards be distill~ 
in the same manner as the samples. At least one~~ 
standard (add range) arust be distilled and c:omr l 

to similar values oa the curve to insure that t 

distillation technique is ~e11able. If the dis- . 
standard does act a~ree within +15~ of ehe undisdt 
standards, che operator should find and co~rect: ehe 
cause of the apparent error befo~e p~oceeding. 
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Method 335.2 CLP-M (cont.) 

9. 

8.3.2.2 Prepare a standard curve by plotting absorbance of 
standard vs. cyanide concentrations (per 250 ml). 

8.4 Semi-Automated Soectroohotometric Determination (Option C) 

8.4.1 

8.4.2 

8.4.3 

Set up the manifold as shown in Figure 3. Pump the reagents 
through the system until a steady baseline is obtained. 

Calibration.standards: Prepare a blank and at least three 
calibratiou ~tandards over the range·of the analysis. One 
ealibratiou standard must be at the CROL. For a wor~ing 
rauge of Q-200 ug/l, the following standards may" be used: 

ml Standard Solution 
(7.2.3) diluted to l liter 

0 
s.o 

10.0 
20.0 
30.0 
40.0 

Concentration 
ug CN/l 

0 
25 
50 

100 
150 
200 

Add 10 g of Maoa to each standard. Score at 4•c. 

Place calibration standards, blanks, and control standards 
in the sampler tray, followed by distilled samples, distilled 
duplicates, distilled standards, distilled spikes, and 
distilled blanks. 

8.4.4 When steady reagent baseline is obtained, and before starting 
the sampler, adjust the baseline using the appropriate knob 
on the colorimeter. Aspirate a calibration standard and 
adjust the STD CAL dial on the colormeter until t:he desired 
signal is obtained. Record the S!D CAL value. Re-establish 
the baseline and proceed to analyze calibration standards, 
blanks, control standards, distilled samples, and distilled 
QC audits. 

CALCU!.Al'IONS 

9.1 Using the titrimetric procedure, calculate concentration of C~ 
as follows: 

mL 
(A- B) 1,000 r- 250 mL 

CN, mg/1 • ml orig. sample X ml of aliquot t1trat:ed 

WHERE: A • volume of AgN03 for titration of sample (l ~ • l mg Ag) 
B • volume of AgNOJ for titration of blank (L ~ • l mg Ag) 

And: 250 mL • distillate volume (See 8.1.5) 
1000 mL • conversion mL to L 
mL original sample (See d.l.1) 
mL of aliquot titrated (See 8.2.1) 

I,: 

.1·, .. : ~: 
;l' 

; : 
,; 4 
',, 

•' i 



Method 335.2 CLP-M (cont.) 

9.2 If the colorimetric procedure is used, calculate the cyanide, 
ugll, in the orii1na1 sample as follows: 

9.3 

mL 
A X 1,000 L X so mL -CN, .ug/l • lS c 

WEllE: A • ug CN read. fro111 standard curve (per 2.50 mi.) 
B • ml of original sample for distillation (See 8.1.1) 
C • ml tAken for colorimetric analysis (See 8.3.1) 

AND: SO mL • volume of original sample aliquot (See 8.3.1) 
1000 mi. • conversion mL to L 

r-
~ 

If the semi-automated method is used, measure the peak heights 
of the calibration standards (visually or using a data system) 
calculate a linear regression equation. Apply the equation to 
the samples and QC audits to determine the cyanide concentration 
in the distil.lates. To determine the concentration of cyanide ~:.;;:~ 
in the original sample MULTIPLY 'I'B! RESUL!S BY O~E-HAL.F (since the:·:f· 
original volume was SOO ml and the distillate volume was 2.50 ml). ,~'f 
Also, correct for any dilutions whic:h were made before or aft~r " 
distillation. 
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Figure r. Cyanide distillation apparatus. 
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Method 3!5.2 (Sed.) CLP-M (eonc.) 
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Figure 2. Cyanide distillation appara~us. 
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CYANIDE, T01'AL _(in Sediments) 

Method l3S.2 CLP-M* (Titrimetric; Manual Spectrophoto=etric; 
Semi-Automated Spectrophoto~etric) 

• 

1. Scope and Anolicatiou 

' 

1.1 ~· method is applicable to the determination of cyanide in 
sediments and ocher solids. 

1.2 The detection limit is dependent upon the weight of sample 
t.aken for analysis. 

2. Summary of Method 

2.1 The cyanide as hydrocyanic acid (ECN) is released from cyanide 
complexes by means of a reflux-distillation operation and 
ab4Jorbed in a scrubber containing sodium hydroxide solution. 
The cyanide ion in the absorbing solution is thea determined 
by volumetric titration or calorimetrically. 

2.2 In the colorimetric measurement the cyanide is converted to 
cyanogen chloride, CNCl, .by reaction with chloramine-! at a 
pH les.s than 8 without hydrolyzing to the cyanate. After the 
reaction i.s complete, color i.s formed on the addition of 
pyrtctine-pyrazolone or pyrictine-barpituric add reagent. The 
absorbance is read at 620 nm when ~ing pyridine-pyra%oloue 
for S18 am for pyridine-barbituric acid. To obtain colors of 
comparable intensity, it is essential to have the same salt 
co~teut in both ehe ~ample and ehe standards. 

2.3 The titrimetric measurement gses a standard solution of silver 
nitrate to titrate cyanide in the presence of a silver sensitive 
indicator. 

3. Definitions 

3.1 Cyanide is defined as cyanide ion and complex cyanides converted 
to hydrocyanic acid (H~~) by reaction in a reflux system of a 
~neral acid in the presence of magnesium ion. 

*CLP-M Modified for the Contract Laboratory Program 
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Method 335.2 (Sed.) CLP-M (cont.) 

4. Sa~le Handling and P~eservation 

s. 

6. 

4.1 Samples are stored at 4•c. No holding .times. have been established • 
• 

4.2 Samples are not dried prior to analysis. A separate % solids 
determination must be made (see Exhibit D, Attachment 9). 

Interferences 

5.1 Interferences are eliminated or reduced by using the distillation 
procedure described in Pro.cedure 8. 1. 

5.2 Sulfides adversely affect the colorimetric and titration procedures. 

5.3 The presence of surfactants may cause the sample to foam during 
reflu:ing. If this occurs, the addition of an agent such as DOW 
Corning 544 antifoam agent will prevent the foam from collecting 
in the· condenser. Fatty acids will distill and form soaps under 
the alkaline titration conditions, making the end point almost 
impossible to detect. When this occurs, one of the spectrophoto­
metric methods should be used. 

A.ccaratus 

6.1 Reflux distillation apparatus such as shown in Figure 1 or Figure 
2. The boiling flask should be of 1 liter size with inlet tube and 
provision for condenser. The gas absorber may be a Fisher-Milligan 
scrubber. 

6~2 Mic:roburet, 5.0 ml (for titration) 

6.3 

6.4 

Spectrophotometer suitable for measurements at 578 nm or 620 ~­
with a 1.0 ~ cell or larger. 

Technicon AA II System (for automated spectrophotometric method) 
including: 

6.4.1 Sampler 

6.4.2 Pump III 

6.4.3 Cyanide Manifold (Figure 3) 

6.4.4 SCIC Colorimeter ~ith 15 mm flo~cells and 570 nm filters 

6.4.5 Recorder 

6.4.6 Data System (optional) 

6.4.7 Glass or plastic tubes for the sampler 

"' - "" 



·Method 335.2 (Sed.) CLP-M (cont.) 

.. 
' 

' 

7. Reagents 

7.1 Ois~i11a~ion and Preparation Reagents 

7.1.1 Sodium hydroxide solution, 1.2SN: Dissolve 50 g of NaOH 
in dUtilled water, and di.lute eo 1 Uter with distilled· 
water. 

7.1.2 Cadmium carbonate: powdered 

7.1.3 Ascorbic acid: crystals 

7.1.4 Sulfuric acid: concentrated 

7.1.3 Magnesium chloride •olutioa: ~eigh 510 g of MgC1 2•oH2o 
into a 1000 ml flask, dissolve and dilu~e t~ 1 liter 
with distilled water. 

7.2 Stock Standards and Titration Reagents 

1.2.1· Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g 
KOa in l Uter of distilled water. Standardi.ze With 
0.0192 N AgNOJ• 

7.2.2 Standard cyanide solution, intermediate: Dilute 50.0 ml 
of stock (1 ml • l mg CN) to 1000 ml with distilled ~acer 
(l ml • SO.O·ug). 

7.2.3 Standard cyanide solution: Prepare fresh daily by diluting 
100.0 ml of intermediate cyanide solution to lOOO ml ~ith 
distilled wate:~ and store in a glass· stoppered bottle. 
1 ml • 5.0 ug ~~ (5.0 mg/l). 

7.2.4 Standard silver citrate solution, 0.0192 N: Prepare by 
crushing approximately 5 g AgNOJ crystals and drying co 
constant ~eight at 4o•c. ~eigh out 3.2647 g of dried 
AgN03,.dissolve in distilled ~ater, and dilute co 1000 
all. (l.ml- l Dlg ~~). 

7.2.5 Rhodanine indicator: Dissolve 20 Dlg of p-dimethyl-amino­
benzalrhodanine in 100 ml acetone. 
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Method 335.2 (Sed.) CLP-M (eont.) 

7.3 Manual Soectrot~hoto'C1etric Reagents 

7.3.r- Sodium dihydrogenphosphate, l M: Dissolve 138 g of 
NaB22o4 • ~0 in l liter of distilled vater. Refrigerate 
this solution. 

7.3.2 Chloramine-! solution: Dissolve 1.0 g of white, vater 
soluble Chloramine-! in 100 ml of distilled water and 
relriger~e until ready to use. Prepare fresh weekly. 

7.3.3 Color reagen:- One of the following may be used: 

7.3.3.1 Pyridine-barbituric acid reagent: Place 15 g of 
barbi:uric ac:id in a 250 ml volu'C1etrie flask and 
add just enough distilled water to wash the sides 
of the flask and wet the barbi:uric acid·. Add 75 
ml ol pyridine and mix. Add 15 ml of RCl (sp gr 
1.19), mix, and cool to roo'C1 temperature. Dilute 
to 250 ml with distilled water and mix. This 
reagent is stable for approximately six months if 
stored in a cool, dark place. 

7.3.3.2 Pyridine-pyrazolone solution: 

7.3.3.2.1 3-Methyl-l-phenyl-2-pyrazolin-S-one 
reagent, saturated solution: A4d 0.25 
g_ pf 3-methyl-l-pheny~-2-pyrazolin-5-one 
to SO ml of distilled water, heat to 
6o•c With stirring. Cool to roo'C1 
temperature. 

7 .3.3. 2. 2 3 ,.3 'Dimethyl-l, l 1 -diphenyl- ( 4, 4 1 -bi-
2-pyrazolin]-S,S'dione (bispyrazolone): 
Dissolve 0.01 g of bispyrazolone in 10 
ml of pyridine. 

7.3.3.2.3 Pour solution (7.3.3.2.1) through non­
acid-washed filter paper. Colleet the 
filtrate. Through the same filter paper 
pour solution (7.3.3.2.2) eollec:ing the 
filtrate in the sa'C1e container as fil­
trate fro'C1 (7.3.3.2.1). Mix until the 
filtrates are ho'C1ogeneous. !he mixed 
reagent develops a piak color but this 
does not affect the color production 
with eyanide if used within 24 hours of 
preparacion. 

0 - 7'2. 
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Method 335.2 (Sed.) CLP-M (cont.) 

7.4 Semi-Auto=ated Soectroohoto~etric Reagents 
I. 

7.4.1 Chloramine-! solution: Dissolve 0.40 g of c:hlora.w. .. ~c!­
distilled water and dilute to 100 ml. Prepare fresh 

7.4.2 Phosphate Buffer:· Dissolve 138 g of NaR~04 • ~20 in 
di.stilled water and dilute to· l liter. Add 0.5 m.l of 
Brij-35 (available from Techuicon). Store at 4•c. 

1 .4..3 Pyri4:1ne-barbituric add solution: Transfer l.S g of 
turlc: ac:id into a l liter volumetric flask. Add about 1 
sl. ot ci1stilled water and swirl the fl,ask. Add 74 m.l of 
pyridine and mix. Add 15 m.l of cone. RCl mix until the 
barbituric acid is dissolved. Dilute co l liter with 
distilled water. Store at 4•c • . 

7.4.4 Sampler ~ash: Dissolve 10 g of NaOa in distilled water 
d.:Uute to· l liter. 

a. Procedure 

8.1 Distillation 

a.t.l 

8.1.2 

8.1.3 

8.1.4 

Accurately weigh a representative 1•5 g portion of wee sampl 
and transfer it co a boiling flask. Add 500 =l of distilled 
water. S~~ or stir the sample so that it is dispersed. 

Add 50 ml ot sodium hydroxide (7 .1.1) to the absorbing tube<­
and dilute if necessary with distilled water co obtain an -
adequate depth of liquid in the absorber. C~nnect the 
boillng flask, condenser,· absorber, and crap in che c:rain • 
. 
St~ a slow stream of air entering che boiling flask by 
adjusting the vacuum source. Adjust the vacuum so chat 
approximately one bubble of air per'secoad enters che 
boiling flask through the air inlet tube • 

. 
CAUTION: The bubble rate will not remain constant after the 
reagents have been added and while heat is being· applied co~) 
the flask. It will be necessary co readjust the air rate ~i 
occasionally co prevent the solution in the boiling flask } 
from baclcing 1.1p in~o the air inlet cube. ,,;;. 

-.~i _·.;;.z 
Slowly add 2S ml of cone. sulfuric ac:id (7.1.4) chrough the~&! 
air inlet tube. R.iase the tube with disr:i11ed water and ·~. 

··')S'": 

allow the airflow co ali.x the flask contents for 3 atinur::es. 1i·' 
Pour 20 ml of magnesium chloride solur::ion (7 .1.5) inr::o r::he ~; · 
air .inlet and wash down wieh a screa= of wacer. ~ 

D - 73 
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~ethod 335.2 (Sed.) CLP-M (cont.) 

8.1.5 

8.1.6 

Beat the solution to boiling, taking care to prevent the 
solution from backing up into the overflowing from the 
air inlet tube. Reflux for one hour. Turn off heat and 

I J 

continue the airflo"' for at least 15 minutes. After 
cooling the boiling flask, disconect abs~rber and close 
ott the vacuum source. 

Drain the solution from the absorber into a 250 ml volu­
metric flask and bring up to volume with distilled water 
washings from the absorber eube. 

8.2 Titrimetric Determination (O~tion A) 

8.3 

8.2.1 

8.2.2 

8.2.3 

tf the sample contains more than 1 mg of CN transfer the 
distillate, or a suitable aliquot diluted to 250 ml, to 
& 500 ml Erlenmeyer flask. Add 1Q-12 drops of the 
benzalrhodanine·indicator. 

Titrate with standard silver aitrate 
color from yellow to browni~h-pink. 
water blank uSing the same amount of 
indic:ator as in the sample. 

to the first change in 
Titrate a distilled 
sodium hydroxide and 

The analyst should famili.~rize him.sel.f with the end point of 
the titration and the amount of indicator to be used before 
actually titrating the samples. A 5 or 10 ml microburet may 
be conveniently used to obtain a more precise titration • 

Manual Soectroohotometric Deter=ination (Oction B) 

8.3.1 
.. 

Withdraw 50 ml or less of the solution from the~flask and 
transfer co a 100 ml volumetric flask. If less than SO ml is 
taken, dilute to SO ml wit~ 0.25 N sodium hydroxide solution 
(7.2.6). Add 15.0 of sodium phosphate solution (7.3.2) and 
m.i;t. 

8.3.1.1 ?yrictine-barbituric add mechod: Add 2 11. of 
Chloramine-T (7 .3 .2) and mix. After 1 to 2 
minutes, add 5 ml of p~dine-barbicuric acid 
solution (7.3.3.1) and mix. Dilute to =ark ~ith 
distilled water and llli;t again. Allow 8 minutes 
for color development then read absorbance at 
578 nm in a 1 c= cell within 15 :inutes. 

8.3.1.2 Pyridine-pyrazolone method: Add 0.5 ml of 
chloramine-T (7.3.2) and mi;t. After 1 to·2 minutes 
add 5 ml of pyridine-pyrazolone solution (7.3.3.2) 
and mix. Dilute to mark with distilled ~ater and 
mix again. After 40 minuces read absorbance ac 620 
am in a l c~ cell. 
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Method 335.2 (Sed.) CLP-M (cone.) 

8.4 

NOTE: More than 0.5 ml of chloramine-'!' Vill · 
the color from developing with pyri ~~~~~ 

8.3.2 Prepare a minimum of three of standards and a blank by . · 
pipetting suitable volumes of standard solution into 
volumetric: flasks. Oue eallbratiou standard must be 
&'C the ODL. To eac:h standard add 50 ml of 1. 2-' N 
hydroxide and dilute to 250 =l with distilled water. 
Seandards must bracket the c:onc:entrations· of the 
U dilutiou ·is required, use the blaulc. solution. 
•xample, standard solutions c:ould be prepared as 

ml of Standard Solution 
(l.O • S ug CN) 

0 
1.0 
2.0 
5.0 

10.0 
1.5.0 
20.0 

CQnC:. ug C..'i 
per 250 ml 

Blank 
s 

10 
2S 
50 
60 

100 

8.3.2.1 It is not imperative that all standards be dis­
tilled in the same manner as the samples. At 
least one standard (mid range) =ust be distilled 
and c:ompared to similar values on the curve to 
insure that the dist~latiou technique is reliable. 
If the distilled s:andard does ~oc agree ~thin 
+1.5% of the undis:illed st&ndards the operator 
saould find and correct the cause of the apparent 
error before proceeding. 

8.3.2.2 Prepare a standard curve by plotting absorbance of 
standard vs. cyanide concentrations (per 250 mL) 

Semi-Automated Soectroohotometric Dete~nation (Ootion C) 

8.4.1 

8.4.2 

Set up the manifold as shown in Figure 3. Pump the 
reagents through the system unci a steady baseline is 
obtained. · 

Calibration standards: Prepare a blank and at least three 
calibration standards over the range of the analysis. One 
calibration standard must be at the CRDL. For a ~orking 
range of 0-200 ug/1, the· follo~ing standards may be used: 

/ --. I ,-. 
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~chod 335.2 (Sed.) CLP-M (conCe) 

9. 

8.4.3 

ml Standard Solution 
(7.2.3) diluted co_ 1 liter 

0 
.s.o 

10.0 
20.0 
30.0 
40.0 

Add 10 g of ~aOR to each standard. 

Concentration 
ug CN/1 

0 
2S 
so 

100 
1SO 
200 

Store at 4•c. 

Place calibration standards, blanks, and control standards 
in the sampler tray, followed by distilled samples, 
distilled duplicates, distilled standards, distilled spikes, 
and dis tilled blanks.. · 

·8.4.4 When a steady reagent baseline is obtained,~d before 
sta~ing the sampler, adjust the baseline using the approp­
riate knob on the colorimeter. Aspirate a calibration 
standard and adjust the S!D CAL dial on the colorimeter 
until the desired signal is obtained.. Record the STD CAL 
value. Reestablish the baseline and proceed to analyze 
·calibration standards, blanks, control standards, distilled 
samples, and distilled QC audits. 

Calculations 

9.1 A separate determinacion of % solids tnust be perfor:ned (see Exhibit 
D, Attachment 9). 

9.2 !he concentration of cyanide in the sample is dete~ned as follows. 

9.2.1 (!it4ation) 

CN, mg/kg • 

(A - B) X 250 mL x 1000 g/kg 
~ aliquot titrated 

C x % solids 
100 

'iJHERE: A • aLl of AgN03 for titration of sample (l aU. • 1 mg Ag) 
B • ml of AgN03 for titration of blank (1 aU. • 1 ~ Ag) 
C • wee weight of or.iginal sample in g (See 8.1.1) 

AND: 250 mL • volume of distillate (See 8.1.6) 
1000 g/kg • conversion factor g to kg 
mL aliquot titrated (See 8.2.1) 
% solids (See attachment 9) 
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9.2.2 (Manual Spectrophotometric) 

CN, mg/kg • 
so mL 

A X B 

C x % solids 
100 

ibere: A • ug CN read from standard curve (per 2.50 
B • ml of distillate taken for colorimetric 

determination (8.3.1) 
C • vee weight of original sa=Ple in g (See 

ADd: .50 mL • volume of standard takan for 
determination (See 8.3.1) 

% aolids (~ee atta~nt 9) 
.. , 

9.2.3 (Semi-Automated Spectrophotometric) 
Il the semi-auto=ated method is used, measure the peak 
heights of the calibration ~tandards (visually or using a 
data system) and ealeulate a linear regression equation. 
Apply the equation to the samples and QC~dits to 
determine the cyanide concent~ation in the distillates. 

A X .25 
CS,mg/kg • C x % solids 

100 

Where: A • ug/L determined from standard curve 
C • wet weight ~f original sample in g 

(See 8.1.1) 

ADd: .25 • conversion factor for distillate final 
volume (See 8.1.6) 

% solids (See attachment 9) 
10. B1bliograohy 

1. Modification of Method 335.2: Cyanide, Total 

2. 

3. 

4. 

s. 

Methods for ·chemical Analysis of ~ater and ~astes·, March 1979. 
Publication 1600/4-79-02. 

'"Operation Manual for Technicon Auto Analy~er IIC System·, 1980. 
Technical publication #TA9-0460-oO. Technicon Industrial Syste~, 
Tarrytown, NY, 10591. 

EPA 

'"Users Guide for c:he Continuous Flov Analy~er Automation System'", ~st ·-.~ 
U.S. EPA, Cincinnati, Ohio (1981). .. ':·~~~ 

·-~-: 
"~~; 

·Interim Methods for the Sampling and Analysis of P-rioric:y Pollutants:~ 
Sediments and Fish Tissue, • US'EPA Environmental Moaitoring and Support·'~~ 
L.aboratory, Cincinnati, Ohio, August 1977, Revised October 1980. o:·., 

6. Op. cit:. (QS), !1ec:hods 335.2,. modified (by coau11itt:ee). 
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Method 335.2 CLP-M (cont.) 
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Figure 2. Cyanide distillation apparatus. 
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FLUORIDE, TOTAL 

Method 340.1 (Colorimetric, SPADNS with Bellack Distillation: 

1. Scope and Application 

STORET NO. Total 00951 
Dissolved 00950 

1.1 This method is applicable to the measurement of fluoride in drinking, surface, and saline 
waters, domestic and industrial wastes. 

1.2 The method covers the range from 0.1 to about 1.4 mg/1 F. This range may be extended 
to 1000 mg/1 using the Fluoride Ion Selective Electrode Method (340.2) after 
distillation. 

2. Summary of Method 
2.1 Following distillation to remove interferences, the sample is treated with the SPADNS 

reagent. The loss of color resulting from the reaction of fluoride with the zirconyl­
SPADNS dye is a function of the fluoride concentration. 

3. Comments 
3.1 The SPADNS reagent is more tolerant of interfering materials than other accepted 

fluoride reagents. Reference to Table 414:1, p 388, Standard Methods for the 
Examination of Waters and Wastewaters, 14th Edition, will help the analyst decide if 
distillation is required. The addition of the highly colored SPADNS reagent must be 
done with utmost accuracy because the fluoride concentration is measured as a difference 
of absorbance in the blank and the sample. A small error in reagent additon is the most 
prominent source of error in this test. 

3.2 Care must be taken to avoid overheating the flask above the level of the solution. This is 
. done by maintaining an even flame entirely under the boiling flask. 

4. Apparatus 
4.1 Distillation apparatus: A 1-liter round-bottom, long-necked pyrex boiling tlask. 

connecting tube, efficient condenser, thermometer adapter and thermometer reading to 
200"C. All connections should be ground glass. Any apparatus equivalent to that :;hown 
in Figure 1 is acceptable. 

4.2 Colorimeter: One of the following 
4.2.1 Spectrophotometer for use at 570 nm providing a light path of at least I em. 
4.2.2 Filter photometer equipped with a greenish yellow filter having ma:{imum 

transmittance at 550 to 580 nm and a light path of at least l em. 
5. Reagents 

5.1 Sulfuric acid. H~SO~, cone. 

Approved for NPDES and SOW A 
Issued 1971 
Editorial revision 1974 and 1978 
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5.2 Silver sulfate, Ag2SO ~crystals. 
5.3 Stock fluoride solution: Dissolve 0.221 g anhydrous sodium fluoride::. NaF. in distilled 

water in a !-liter volumetric flask and dilute to the mark with distilled water; 1.00 ml = 
0.1 mg F. 

5.4 Standard fluoride solution: Place 100 ml stock fluoride solution (5.3) in a I liter 
volumetric flask and dilute to the mark with distilled water; 1.00 ml = 0.0 I 0 mg F. 

5.5 SPADNS solution: Dissolve 0.958 g SPADNS, sodium 2-(parasulfophenylazo)- 1,8-
dihydroxy-3,6-naphthalene disulfonate, in distilled water in a 500 ml volumetric flask 
and dilute to the mark. Stable indefinitely if protected from direct sunlight. 

5.6 Zirconyl-acid reagent: Dissolve 0.133 g zirconyl chloride octahydrate, Zr0Cl2•8H20 in 
approximately 25 ml distilled water in a 500 m1 volumetric flask. Add 350 ml cone HCI 
and dilute to the mark with distilled water. 

5.7 Acid-zirconyl-SPADNS reagent: Mix equal volumes of SPADNS solution (5.5) and 
zirconyl-acid reagent (5.6). The combined reagent is stable for at least 2 years. 

5.8 Reference solution: Add 10 ml SPADNS solution (5.5) to lOOm! distilled water. Dilute 7 
ml cone HC1 to 10 ml and add to the dilute SPADNS solution. This solution is used for 
zeroing the spectrophotometer.or photometer. It is stable and may be used indefinitely. 

5. 9 Sodium arsenite solution: Dissolve 5.0 g NaAs02 in distilled water in a 1-liter volumetric 
flask and dilute to the mark with distilled water (CAUTION: Toxic-avoid ingestion). 

6. Procedure 
6.1 Preliminary distillation 

6. 1.1 Place 400 ml distilled water in the distilling flask. 
6.1.2 Carefully add 200 ml cone. H2SO~ and swirl until contents are homogeneous. 
6.1.3 Add 25 to 35 glass beads, connect the apparatus (Figure 1) making sure all joints 

are tight. 
6.1.4 Heat slowly at first, then as rapidly as the efficiency of the condenser will permit 

(distillate must be cool) until the temperature of the flask contents rea~.:hc::s exactly 
18<1C. Discard the distillate. This process removes fluoride contamination and 
adjusts the acid-water ratio for subsequent distillations. 

6.1.5 Cool to 12<1C or below. 
6.1.6 Add 300 ml sample, mix thoroughly, distill as in 6.1.4 until temperature reaches 

18<1C. Do not heat above 18<1C to prevent sulfate carryover. 
6.1. 7 Add Ag2SO~ (5.2) at a rate of 5 mg!mg Cl when high chloride samples are distilled. 
6.1.8 Use the sulfuric acid solution in the flask repeatedly until the contaminants from 

the samples accumulate to such an extent that recovery is affected or interferences 
appear in the distillate. Check periodically by distilling standard fluoride samples. 

6.1. 9 High fluoride samples may require that the still be flushed by using distilled water 
and combining distillates. 

6.2 Colorimetric Determination: 
6.2.1 Prepare fluoride standards in the range 0 to 1.40 mg/.1 by diluting appropriate 

quantities of standard fluoride solution (5.4) to SO ml with distilh:d water. 
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6.2.2 Pipet 5.00 ml each of SPADNS solution (5.5) and zirconyl-acid reagent (5.6) or 
10.00 ml of the mixed acid-zirconyl-SPADNS reagent (5. 7) to each standard and 
mix well. 

6.2.3 Set photometer to zero with reference solution (5.8) and immediately obtain 
absorbance readings of standards. 

6.2.4 Plot absorbance~ concentration. Prepare a new standard curve whenever 
fresh reagent is made. 

6.2.5 If residual chlorine is present pretreat the sample with I drop (0.05 ml) NaAs01 

solution (5.9) per 0.1 mg residual chlorine and mix. Sodium arsenite 
concentrations of 1300 mgll produce an error ofO.l mgll at 1.0 mgll F. 

6.2.6 Use a 50 ml sample or a portion diluted to 50 ml. Adjust the temperature of the 
sample to that used for the standard curve. 

6.2. 7 Perform step 6.2.2 and 6.2.3. 
7. Calculations 

7. 1 Read the concentration in the 50 ml sample using the standard curve ( 6. 2. 4) 
7.2 Calculate as follows: 

11 
F _ mgF x 1,000 

mg - ml sample 

7.3 When a sample (ml sample) is diluted to a volume (8) and then a portion (C) is analyzed. 
use: 

11 F _ mgf x 1,000 x _!!. 
mg - ml sample C 

8. Precision and Accuracy 
8.1 On a sample containing 0.83 mg/1 F with no interferences, 53 analysts using the Bellack 

distillation and the SPADNS reagent obtained a mean of0.81 mg/1 F with a standard 
deviation of t0.089 mg/1. 

8.2 On a sample containing 0.57 mg/1 F (with 200 mg/1 SO~ and 10 mg/1 AI as 
interferences) 53 analysts using the Bellack distillation obtained a mean of 0. 60 mg/ 1 F 
with a standard deviation of t·0.1 03 mgl 1. 

8.3 On a sample containing 0.68 mg/1 F (with 200 mg/1 SO~, 2 mg/1 AI and 2.5 mg/ I 
[Na(P03) 6] as interferences), 53 analysts using the Bellack distillation obtained c.t mean of 
0. 72 mg/1 F with a standard deviation of • 0.092 mg/1. (Analytical Reference Service. 
Sample 111-8 water, Fluoride, August, 1961.) 
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Method 340.2 (Potentiometric, Ion Selective Electrode) 

l. Scope and Application 

STORET NO: Total 00951 
Dissolved 00950 

1.1 This method is applicable to the measurement of fluoride in drinking, surface and saline 
waters, domestic and industrial wastes. 

1.2 Concentration of fluoride from 0.1 up to 1000 mglliter may be measured. 
1.3 For Total or Total Dissolved Fluoride, the Bellack distillation is required for NPDES 

monitoring but is not required for SOW A monitoring. 
2. Summary of Method 

2.1 The fluoride is determined potentiometrically using a fluoride electrode in conjunction 
with a standard single junction sleeve-type reference electrode and a pH meter having an 
expanded millivolt scale or a selective ion meter having a direct concentration scale for 

fluoride. 
2.2 The fluoride electrode consists of a lanthanum fluoride crystal across which a potential is 

developed by fluoride ions. The cell may be represented by Ag! Ag Cl, Cl (0. 3 ), 
F(O.OOl) LaF/test solution/SCE/. 

3. Interferences 
3.1. Extremes of pH interfere; sample pH should be between 5 and 9. Polyvalent cations of 

Si '•, Fe tJ and AI tJ interfere by forming complexes with fluoride. The degree of 
interference depends upon the concentration of the complexing cations. the 
concentration of fluoride and the pH of the sample. The addition of a pH 5.0 butTer 
(described below) containing a strong chelating agent preferentially complexes 
aluminum (the most common interference), silicon and iron and eliminates the pH 
problem. 

4. Sampling Handling and Preservation 
4.1 No special requirements. 

5. Apparatus 
5.1 Electrometer (pH meter), with expanded mv scale, or a selective ion meter such as the:! 

Orion 400 Series. 
5.2 Fluoride Ion Activity Electrode, such as Orion No. 94-09111

• 

5.3 Reference electrode, single junction, sleeve-type, such as Orion No. 90-0 l, Beckman No. 
40454, or Corning No. 476010. 

5.4 Magnetic Mixer, Teflon-coated stirring bar. 

Approved for NPDES and SOW A 
Issued 1971 
Editorial revision 1974 
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6. Reagents 
6.1 Buffer solution. pH 5.0-5.5: To approximately 500 ml of distilled water in a I liter beaker 

add 57 ml of gla<:ial an~tk acid, 58 g of sodium chlorid~ and 4 g of COT:\~. Stir to 
dissolve and cool to rOQm temperature. Adjust pH of solution to between 5.0 and 5.5 with 
5 N sodium hydroxide (about 150 ml will be required). Transfer solution to a 1 liter 
volumetric flask and dilute to the mark with distilled water. For work with brines, 
additional NaCl should be added to raise the chloride level to twice the highest expected 

· level of chloride in the sample. 
6.2 Sodium fluoride, stock solution: 1.0 ml = 0.1 mg F. Dissolve 0.2210 g of sodium fluoride 

in distilled water and dilute to 1 liter in a volumetric flask. Store in chemical-resistant 
glass or polyethylene. 

6.3 Sodium fluoride, standard solution: l.O ml = 0.01 mg F. Dilute 100.0 ml of sodium 
fluoride stock solution (6.2) to 1000 ml with distilled water. 

6.4 Sodium hydroxide, SN: Dissolve 200 g sodium hydroxide in distilled water, cool and 
dilute to 1 liter. 

7. Calibration 
7.1 Prepare a series of standards using the fluoride standard solution (6.3) in the range ofO to 

2.00 mg/1 by diluting appropriate volumes to 50.0 ml. The following series may be used: 

Millimeters of Standard 
(1.0 ml = 0.01 mg!F) 

0.00 
1.00 
2.00 
3.00 
4.00 
s.oo 
6.00 
8.00 

10.00 

Concentration when Dilut~ 
to SO ml, mg F /lirer 

0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.60 
2.00 

7.2 Calibration of Electrometer: Proceed as described in (8.1). Using semilogarithmic graph 
paper, plot the concentration of fluoride in mglliter on the log axis vs. the electrode 
potential developed in the standard on the linear axis, starting with the lowest 
concentration at the bottom of the scale. Calibration of a selective ion meter: Follow the 
directions of the manufacturer for the operation of the instrument. 

8. Procedure 
8.1 Place 50.0 ml of sample or standard solution and 50.0 ml of buffer (See Note) in a 150 ml 

beaker. Place on a magnetic stirrer.and mix at medium speed. Immerse the electrodes in 
the solution and observe the meter reading while mixing. The electrodes must remain in 
the solution for at least three minutes or until the reading has stabilized. At 
concentrations under 0.5 mglliter F, it may require as long as five minutes to reach a 
stable meter reading; high concentrations stabilize more quickly. If a pH meter is used, 
record the potential measurement for each unknown sample and convert the potential 
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reading to the fluoride ion concentration of the unknown using the standard <..:urve. If a 
selective ion meter is used, read the fluoride level in the unknown sample diret.:tly in 
mg/1 on the fluoride scale. 
NOTE: For industrial waste samples, this amount of buffer may not be adequate. 
Analyst should check pH first. If highly basic ( > 9), add 1 N HCl to adjust pH to 8.3. 

9. Precision and Accuracy 
9.1 A synthetic sample prepared by the Analytical Reference Service, PHS, containing 0. 85 

mgll fluoride and no interferences was analyzed by 111 analysts; a mean of0.84 mg/1 
with a standard deviation of ±0.03 was obtained. 

9.2 On the same study, a synthetic sample containing 0. 75 mgll fluoride, 2.5 mgll 
po1yphosphate and 300 mg/1 alkalinity, was analyzed by the same Ill analysts; a mean 
ofO. 75 mg/1 fluoride with a standard deviation of ±0.036 was obtained. 
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413 FLUORIDE* 

A fluoride concentration of approxi· 
mately 1.0 mg!L in drinking water effec­
tively reduces dental caries without 
harmful effects on health .. Fluoride may 
occur naturally in water or it may be added 
in controlled amounts. Some fluorosis may 
occur when the fluoride level exceeds the 
recommended limits. In rare instances the 
naturally occurring fluoride concentration 
may approach 10 mg/L; such waters 
should be defluoridated. 

Accurate determination of fluoride has 
increased in importance with the growth 

•Approved by Standard Methods Committee, 198S. 

of the practice of fluoridation of water sup­
plies as a public health measure. Mainte­
nance of an optimal fluoride concentration 
is essential in maintaining effectiveness and 
safety of the fluoridation procedure. 

Among the methods suggested for de­
termining fluoride ion (F-) in water, the 
electrode and colorimetric methods are the 
most satisfactory. The colorimetric meth­
ods are based on the reaction between tluor­
ide and a zirconium-dye lake. Fluoride -
reacts with the dye lake, dissociating a por­
tion of it into a colorless complex anion 
(ZrF/-) and the dye. As the amount of 
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fluoride increases, the color produced be­
comes progressively lighter-<>r of different 
hue, depending on the reagent used. 

Because both colorimetric methods are 
subject to errors due to interfering ions, it 
may be necessary to distill the sample as 
directed in Section 413A before making the 
colorimetric determination. When interfer­
ing ions are not present in excess of the 
tolerances of the method, the fluoride de­
termination may be made directly without 
distiliation. 

1. Sel~on of Method 

The alizarin visual method (D) requires 
only inexpen~ive glassware, and because 
color comparisons are made visually, no · 
instrument is required. Th~ method is suit­
able only for fluoride concentrations in the 
range of 0.05 to 1.4 mg/L, and sensitivity 
is limited by the color perception of the 
analyst and the color matching of the glass­
ware. As with other colorimetric methods, 
the alizarin visual method is subject to in­
terference from substances commonly 
found in water. Because color development 
is slow, a waiting period of I h after reagent 
addition is required before comparison of 
samples with standards. The method is sat­
isfactory for routine fluoride analyses, but 
is not considered acceptable for analySes 
made in a regulatory context. 

The SPADNS method (C) has the same 
range limitations as the alizarin visual 
method. and is subject to similar interfer­
ences but, because color development is vir­
tually instantaneous, no waiting is required 
before measuring fluoride concentration. 
Color determinations are made photo­
metrically, using either a filter photometer 
or a spectrophotometer. A curve developed 
from standards can be used for determining 
the fluoride concentration of a sample or 
the concentration can be calculated on the 
basis of a pair of standards. This latter 
technique uses the fact that the relationship 
between fluoride concentration and ab-

. ~~ _· .. 
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sorbance (within:: the range of the method) 
is linear and thus that two. points can define 
accurately, thcption of the line. -

PermanenfCCirored standards, cOnuper­
cially or· otliefWiSe' pi-q;ared, may· be used 
only in ncincijti~fSitllations if appropriate 

. precautions are' taken. These include strict 
adherence to the manufaeturer's directions 
and careful calibration of "the permanent 
standards aPmst · standardS prepared -by 
the analjS~~ __ (See:'General ·Introduction. 
Section ·Hl2:s.r~~,"~ · · -: '; · ~ · 

The -d~~Cthod. (Method B) is 
suitable· for' 'ilUbiide concentrations from 
0.1 to mote-tJwi',,lO mg!L. ·Adding the 
prescribed ~ ~Wfer . frees the electrode 
method from ·inost interferences that ad­
versely_ a1fect the colorimetric methods and 
necessitate preliminary distillation. Some 
substances in industrial wastes, such as 
ftuoborates, may be sufficiently. concen­
trated to present problems in 

1
electrode 

measurements.; F1uoride measurements can 
be made with ·a specific ion electrode and 
either an· expanded-scale pH meter or a 
specific ion meter, usually without distil­
lation. in the time necessary for electrode 
equilibration. 

F1uoride also may be determined by the 
automated complexone method, Method 
E. 

2. Interference in Colorimetric Methods 

In general, the colorimetric methods are 
all susceptible to the same interfering sub­
stances, but to different degrees. Table 
413:I lists common interferences. Because 
these are neither linear in effect nor alge­
braically additive, mathematical compen­
sation is impossible. Whenever any one 
substance is present i!} sufficient quantity 
to produce an error of 0.1 mg!L or when~ 
ever the total interfering effect is in doubt, 
distill the sample. (Also distill colored or 
turbid samples for colorimetric analyses.) 
In some instances, sample dilution or add­
ing appropriate amounts of interfering sub-



TABLE 413:1. CoNcENTRATioN oP SoME SuBsTANcES CAusrNo o.t-Mo/L ERRoR AT t.o Mo F)i. ·m fLuoa'ioi! ME"iHoos 

Substance 

Alkalinity 
(CaCO,) 

Aluminum (All+) 
Chloride <en 
Chlorine 

Color &: turbidity 
Iron 
Hexametaphosphate 

([NaPO,J.) 
Phosphate 

(Po.'-) 
Sulfate 

(SO.'-) 

Cone 
mg/L 

7000 
3.0 

20000 
sooo 

200 

soooo 

soooo 

soooo 

Method B 
(Electrode) 

Type of 
Error 

+ 
-

-

-

Cone 
mg/L 

sooo 
O.J• 

7000 

10 

1.0 

16 

200 

•On immediate reading. Tolerance increases with time: after 2 h, 3.0; after 4 h, 30. 

Method C 
(S,PADNS) 

Type of· 
Error 

-
' -

+ 

··.• 

Remove completely with 
arsenite 

Remove or compensate for 
-

+ 

+ 

-

' .. -.. ' 

Cone 
mg/L 

400 

·.:Method'D 
(Alizarin 
Visual) 

0.2S 
2000 

2 

1.0 

s 

300 

:·.~Type of 
Error 

~-. 

; 

+ 

+ 

+ 

+ 

L · ... ;,..i.~~b.i•· ·wfi•;.,·;,, •. ., :i.>'::;;&r1i!l¥i.hl11/·t:li ;:,;/i&!th~:.P:.i··h,'''.~Mf;!,?.'.;,;,, .. ,,;,•:;i{:~,.:.>::(,:.:.<':?' • .,.~'ft;..~.i~~~;;t'~~~.:.:;~.;.i·::>?.\;!;~~#h,;)t;;;;,~,~;.,.~ ;·,. 
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~ 
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0 
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~ 
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stances to the standards may be used to bration curves may be prepared for differ­
compensate for the interference effect If ent temperature ranges. 
alkalinity is the only significant .interfer- . 
ence, neutralize it with either·hydrochloric - 3· Sampling and Storage 
or nitric acid. Preferably use polyethylene bottles for -

Chlorine interferes in both coloriinetric collecting and storing samples for fluoride 
methods and provision for its removal is analysis. Glass bottles are satisf~ctory if 
made. _ previously they have not contained high=-

Volumetric measurement of sample and fluoride solutions. Always rinse bottle with 
reagent is extremely important to analyti- a portion of sample. _ _ 
cal accuracy. Use samples and standards Never: use an excess of dechlorinating 
at the same temperature or at least within agent. Dechlorinate with sodium arsenite -
2"C. Maintain constant temperature rather than sodium thiosi.ill'ate because the 
.throughout the color development period. lattet: may produce turbidity that causes 
For the SPADNS method. different cali- erroneous colorimetric t:eadings. 

413 A.- Preliminary· Distillation Step 

1. Discussion 

! Fluoride can be separated from other 
nonvolatile constituents in water by con­
version to hydrofluoric or fluosilicic acid 
and subsequent distillation. The conversion 
is accomplished by using a strong, high­
boiling acid. To protect against glassware 
etching, hydrofluoric acid is converted to 
fluosilicic acid by using soft glass beads. 
Quantitative fluoride recovery is ap­
proached by using a relatively large sample. 
Acid and sulfate carryover are minimized 
by distilling over a controlled temperature 
range. 

Distillation will separate fluoride from 
most water samples. Some tightly bound 
fluoride, such as that in biological mate­
rials. may require digeStion before distil­
lation, but water samples seldom require 
such drastic treatment. Distillation pro­
duces a distillate volume equal to that of 
the original water sample so that there usu­
ally is no necessity for incorporating a di­
lution factor when expressing analytical 
results. The distillate will be essentially free 
of substances that might interfere with col­
orimetric analysis if the apparatus used is 
adequate and distillation has been carried 

out properly. The orily common volatile 
constituent likely to cailse interference with 
colorimetric analysis of the pistillate is 
chloride. When the concentration of chlo­
ride is high enough to interfere, add silver 
sulfate to the sulfuric acid distilling mixture 
to minimize the volatilization of hydrogen 
chloride. 

Heating an acid-water mixture can be 
hazardous if precautions are not taken: Mix 
acid and water thoroughly before heating. 
Use of a quartz heating mantle and a mag­
netic stirrer in the distillation apparatus 
simplifies the mixing step. 

2. Apparatus 

a. Distillation apparatus consisting of a 
1-L round-bottom long-neck borosilicate 
glass boiling flask, a connecting tube, an 
efficient condenser, a thermometer adapter, 
and a thermometer reading to 200"C. Use 
standard taper joints for all connections in 
the direct vapor path. Position the ther­
mometer so that the bulb always is im­
mersed in boiling mixture. The apparatus 
should be disassembled easily to permit 
adding sample. Substituting a thermoreg-
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· ulator and necessary circuitry for the ther­
~ mometer is acceptable and provides some 

automation. 
Alternative types of distillation appara~ 

tus may be ·used. Carefully evaluate any 
apparatus for Jluoride recovery and sulfate 
carryover. The critical points are obstruc­
tions in , the vapor path and 'trapping of 
liquid in the adapter and condenser.:(The 
condenser should have a vapor path with 
minimum obstruction: A double-jacketed 
condenser, with cooling water· in the outer 
jacket and the inner spirattube, is ideal. 
Avoid using Graham-type·· condensers.) 
Avoid using an opeti ftame as a· heat source 
if possible, because heat applied to the boil­
ing flask above the liquid level causes su­
perheating of vapor and subsequent sulfate 
carryover. 

CAuriON: Regardless of apparatus used, 
provide for thorough mixing of sample and · 
acid; heating a non-homogenous acid-water 
mixture will result in bumping or possibly 
a violent explosion. 

The preferred apparatus is illustrated in 
Figure 413:1. 

b. Quartz hemispherical heating mantle. 
for full-voltage operation. 

Figure 413:1. Direct distillation apparatus for 
ftuoride. 
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c. Magnetic stirrer, with TFE-coated stir­
ring bar. . . ,, . 

d. Soft glass beads. 
:_:-. ', -;. . } 

3. Reagents . 

a. Sulfuric acid, H1SO.,. cone, reagent 
grade. 

-b. Silver sulfate. Ag1SO,, crystals. re­
agent grade. 

...... ·:: --~ ... --....·_'-; ' -~·, -· 

, .a. Place 400 mL distilled water in the 
distilling flask and, with the magnetic stir-

- rer operating, carefully add 200 mL cone 
HzSO,. Keep stirrer in operation through­
out distillation. Add a few glass beads _and 
connect the apparatus as shown in Figure 
413:1, making sure all joints are tight. Be­
gin heating and continue until flask con­
tents reach 180"C (because of heat r~tention 
by the mantle, it is necessary to discontinue 
heating when the temperature reaches 
171rC to prevent overheating). Discard dis­
tillate. This process removes fluoride con­
tamination and adjusts the acid-water ratio 
for subsequent distillations. 

b. After the acid mixture remaining in 
the steps outlined in ~ 4a, or previous dis­
tillations, has cooled to 120"C or below, 
add 300 mL sample, with stirrer operating, 
and distill until the temperature reaches 
180"C. To prevent sulfate carryover, do not 
heat above 178•c. Retain the distillate for 
analysis. 

c. Add Ag1SO, to the distilling fiask at 
the rate of 5 mg/mg a- when the chloride 
concentration is high enough to interfere. 

d. Use H1SO, solution in the flask re­
peatedly until contaminants from samples 
accumulate to such an extent that recovery 
is affected or interferences appear in the 
distillate. Check acid suitability periodi­
cally by distilling standard fiuoride samples 
and analyzing for both fiuoride and sulfate. 
After distilling samples containing more 
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than 3 mg p-/L, flush still with 300 mL 

distilled water and combine the two flu~ 
ride distillates. lf necessary, repeat flushing 

until the fluoride content of the last distil­

late is at a minimum. include additional 

fluoride recovered with that of the first dis-
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tillation. After periods of inactivity, simi­
larly flush still and discard distillate. 

5. lnterpretati~n qf Results 
The recovery oflluoride is quantitative 

within_the accuracy of the methods used 
for its_mea5urement. 

413 B. Electrode Method 

1. General Discussion 

a. Principle: The fluoride electrode is a­
selective ion sensor. The key element in the 
fluoride electrode is the laser-type doped 
lanthanum fluoride crystal across which a 
potential is established by fluoride solutions 
of different concentrations. The crystal 
contacts the sample solution at pne face 
and an internal reference solution at the 
other. The cell may be represented by: 

AgiAiO. a-(o.JM), F-(o.ootM) ILaF,I test 
solution I reference electrode 

The fluoride electrode can be used with a 
standard calomel reference electrode and 
almost any modem pH meter having an 
expanded millivolt scale. 

The fluoride electrode measures the ion 
activity of fluoride in solution rather than 
concentration. Fluoride ion activity de­
pends on the solution total ionic strength 
and pH, and on fluoride complexing spe­
cies. Adding an appropriate buffer provides 
a uniform ionic strength background, ad­
justs pH, and breaks up complexes so that, 
in effect, the electrode measures concen­
tration. 

b. Interference: Fluoride forms com­
plexes with several polyvalent cations, no­
tably aluminum and iron. The extent to 
which complexation takes place depends 
on solution pH and relative levels of fluo­
ride and complexing species. However, 
COT A (cyclohexylenediaminetetraacetic 
acid), a component of the buffer, prefer-

entially will complex interfering cations 
and release free fluoride ions. Concentra­
tions of aluminum, the mast-common in­
terference, up to 3.0 mg/L can be 

_complexed preferentially. In acid solution, 
p- forms a poorly ionized HF • HF com­
plex but the buffer ..m~tains a pH above 
S to iilinimize hydrogen fluoride cOmplex 
formation. In alkaline solution hydroxide -
ion also can interl'ere with electrode re- · 
sponse to fiuoride ion whenever the hy-

' droxide ion concentration is greater than 
one-tenth the concentration of ftuoride ion. 
At the pH maintained by the buffer, no 
hydroxide interference occurs. Table 413:I 
compares interferences of the electrode and 
colorimetric methods. 

Fluoborates are being widely used in in­
dustrial processes. Dilute solutions of fiuo­
borate or fluoboric acid hydrolyze to 
liberate fluoride ion but in concentrated 
solutions, as in electroplating wastes, hy­
drolysis does not occur completely. Distill 
such samples or measure ftuoborate with a 
fiuoborate-selective electrode. 

2. Apparatus 

a. Expanded-scale or digital pH meter or 
ion-selective meter. 

b. Sleeve-type reference electrode: Do not 
use fiber-tip reference electrodes because 
they exhibit erratic behavior in very dilute 
solutions. 

c. Fluoride electrode. 
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d. Magnetic stirrer, with TFE-coated 
stirring bar. 

e. Timer. 

3: Reagents 

·a. Stockftuon'de solution.· Dissolve 221.0 
mg anhydrous sodium fluoride,- NaF, in 
distilled water and dilute to 1000 mL; 1.00 
mL = 100 J.Lg F-. 

b. Standard fluoride solutioi: Dilute 100 
mL stock fluoride solution to 1000 mL with 
distilled water; 1.00 mL = 10.0 J.Lg F-. 
· c. Fluoride buffer: Place approximately 

500 mL distilled water in a 1-L beaker and 
add 57 q1L glacial acetic acid, 58 g N~Cl, 
and 4.0 g 1,2 cyclohexylenediamine­
tetraacetic acid (CDTA). • Stir to dissolve. 
Place beaker in a cool water bath and add 

·slowly 6N NaOH (about 125 mL) with stir­
nng, until pH is between 5.3 and 5.5. 
Transfer to a 1-L volumetric flask arid add 
distilled water ~o the mark. This buffer, as 
well as a more concentrated version, is 
available commercially. In using the con­
centrated buffer follow the manufacturer's 
directions. 

4. Procedure 

a. Instrument calibration.· No major ad­
justment of any instrument normally is re­
quired to use electrodes in the range of 0.2 
to !.0 mg F-/L. For those instruments 
with zero at center scale adjust calibration 
control so that the 1.0 mg F-!L standard 
reads at the center zero (100 mV) when 
the meter is in the expanded-scale position. 
This cannot be done on some meters that 
do not have a millivolt calibration control. 
To use a selective-ion meter follow the 
manufacturer's instructions. 

b. Preparation of fluoride standards: Pre­
pare a series of standards by diluting with 
distilled water 5.0, 10.0, and 20.0 mL 
standard fluoride solution, respectively, in 
three 100-mL volumetric flasks. These 

• Also known as 1,2 c:yclohexylenedinitrilotetraacetic acid. 
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standards are equivalent to 0.5, 1.0, and 
2.0 mg F-/L. 

c. .Treatment of standards and sample: 
In 100-mL beakers or other convenient 
containers add by volumetric pipet from 10 
to 25 mL standard or sample; Add an equal 
volume of buffer. The total volume should 
be sufficient to immerse the electrodes and 
permit operation of the stirring bar. Bring 
standards and sample to the same temper­
at~e, preferably room temperature. 

d. Measurement with electrode.· Immerse 
electrodes in the 0.5 mg F-!L standard 
and measure developed potential v,:hile stir~ 
ring on a. ,mag_netic stirrer. A void stirring 
before immersing electrodes because en­
trapped air around the crystal can produce 
erroneous readings or needle fluctuations. 
Let electrodes remain in the solution 3 min 
(or until equilibrium is established) before 
taking a final millivolt reading. A layer of 
insulating material between stirrer and 
beaker minimizes solution heating. With­
draw electrodes, rinse with distilled water, 
and blot dry between readings. Repeat 
measurements with increasing fluoride con­
centrations, then with sample. 

When using an expanded-scale pH meter 
or selective-ion meter, frequently recali­
brate the electrode by checking potential 
reading of the 1.00-mg F-!L standard and 
adjusting the calibration control, if neces­
sary, until meter reads as before. Recali­
brate after reading each unknown and also 
after reading each standard when preparing 
the standard curve. 

If a direct-reading instrument is not 
used, plot potential measurement of fluo­
ride standards against concentration on 
tw<Xycle semilogarithmic graph paper. 
Plot milligrams F- per liter on the loga­
rithmic axis (ordinate), with the lowest 
concentration at the bottom of the graph. 
Plot millivolts on the abscissa. From the 
potential measurement for each sample, 
read the corresponding fluoride concentra· 
tion from the standard curve. 

The known-additions method may be 
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substituted for the calibration method- de­
scribed. Follow the direction&. of the in-
strument manufacturer. 

F-/L in distilled water was analyzed in 
111 laboratories by the electrode method. 
with a relative standard deviation Df 3.6% 

Selective-ion meters may necessitate·us- and a relative error of 0.7%. 

A second synthetic sample containing 
ing a slightly altered procedure, such as 
preparing 1.00 and 10.0 mg F-/L stand­
ards or some other concentration. Follow 0. 750 mg F-/L, 2.5 mg (NaPOJ)v'L, and 
the manufacturer's directions. Commercial - 300 mg alkalinity/L added as NaHC03, 

standards, often already diluted with was analyzed in 111 laboratories by the 
buffer, frequently are s_upplied with the me- electrode method, with a relati~e standard 
ter. Verify the stated fluoride concentration deviation of 4.8% and a relative error of 
of these standards by comparing them with 0.2%. 
standards prepared by the analyst. 

5. Calculation 
F­mg p- /L = --=-~'.:::.g __ 

mL sample 

6. Precision and Accuracy 

A synthetic sample containing 0.850 mg 

A_ third synthetic· sample contammg 
0.900 mg F-/L, O.SO<ring Al/L, and 200. 
mg SO/-/L y.oas analyzed in 13 labora­
tories by the electrode method, -with a rel­
ative standard devi~tion of 2.9% and a 
relative error of 4.9%. 

413 C. SPADNS Method 

1. Discussion 

The reaction rate between fluoride and 
zirconium ions is influenced greatly by the 
acidity of the reaction mixture. If the pro­
portion of acid in the reagent is increased, 
the reaction can be made almost instan­
taneous. Under such conditions, however, 
the effect of various ions differs from that 
in the conventional alizarin methods. The 
selection of dye for this rapid fluoride 
method is governed largely by the resulting 
tolerance to these ions. 

2. Apparatus 

Colorimetric equipment: One of the fol­
lowing is required: , 

a. Spectrophotometer, for use at 570 nm, 
providing a light path of at least 1 em. 

b. Filter photometer, providing a light 

path of at least 1 em and equipped with a 
greenish yellow filter having maximum 
transmittance at 550 to 580 nm. 

3. Reagents 

a. Standard fluoride solution: Prepare as 
directed in the electrode method, Section 
413B.3b. 

b. SPADNS solution: Dissolve 958 mg 
SPADNS, sodium 2-(parasulfophenylazo)-
1,8-dihydroxy-3,6-naphthalene disulfo­
nate, also called 4,5-dihydroxy-3-(para­
sulfophenylazo )-2, 7 -naphthalenedisulfonic 
acid trisodium salt, in distilled water and 
dilute to 500 mL. This solution is stable 
for at least 1 year if protected from direct 
sunlight. 

c. Zirconyl-acid reagent: Dissolve 133 mg 
zirconyl chloride octahydrate, ZrOC11 • 

8H10, in about 25 mL distilled water. Add 
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350 mL cone HCl and dilute to 500 mL 
with distilled water. 

d. Acid zirconyl-SPA.DNS reagent: Mix 
equal volumes of SP ADNS solution and 
zirconyl-acid reagent. The combined re­
agent is stable-for at least 2 years. 

e. Reference solution: Add 10 mL 
SPADNS ·solution to 100 mL distilled 
water. Dilute 7 mL cone HCI to 10 mL 

_ -and add to the diluted SPADNS solution. 
The resulting solution, used far setting the 
instrument reference point (zero), is stable 
for at least 1 year. Alternatively, use a pre­
Jlar::d standard of 0 mg p-/L as a refer-

- ence. . 
f. Sodium arsenite solution: Dissolve 5.0 

g NaAs01 and dilute to 1 L with distilled 
-water~ (CAtJnoN: Toxic-avoid ingestion.) 

- _ 4. Procedure 

a. Preparation of standard curve.· Prepare 
fluoride standards in the range of 0 to 1.40 
mg p-/L by diluting appropriate-quantities 
of standard fluoride solution to 50 mL with 
distilled water. Pipet 5.00 mL each of 
SP ADNS solution and zirconyl-acid re­
agent, or 10.00 mL mixed acid-zirconyl­
SPADNS reagent, to each standard and 
mix well. Avoid contamination. Set pho­
. tometer to zero absorbance with the ref­
erence solution and obtain absorbance 
readings of standards. Plot a curve of the 
milligrams fluoride-absorbance relation­
ship. Prepare a new standard curve when­
ever a fresh reagent is made or a different 
standard temperature is desired. As anal­
ternative to using a reference, set photom­
eter at some convenient point (0.300 or 
0.500 absorbance) with the prepared 0 mg 
p-/L standard. 

b. Sample pretreatmenL· If the sample 
contains residual chlorine, remove it by 
adding 1 drop (0.05 mL) NaAs01 solution/ 
0.1 mg residual chlorine and mix. (Sodium 
arsenite concentrations of 1300 mg!L pro­
duce an error of 0.1 mg!L at 1.0 mg p-I 
L) 

c::, Color development: Use a 50.0-mL 

INORGANIC NONMETALS.(400) 

sample or a portion diluted to SO mL with 
distilled water. Adjust sample temperature 
to that used for the standard curve. Add 
5.00 mL each of SP ADNS solution and 
zirconyl-acid reagent, or. 10.00 mL acid­
zirconyl-SP ADNS, .reagent; mix well and 
read l!bsorbance; first setting the reference 
point of the photometer ~ above. If the 
absorbance falls beyond the range of the 
standard curve, ~t using a diluted sam-
ple. - -

5. Calculation 

_ A B 
mg P /L • X:-

mL sample C 

where: 
A = 1£1 p- determined from plotted curve. 

The ratio B!C applies only when a sample 
is diluted to a volume B, and a portion C 
is taken from it for color development. 

When the prepared 0 mg p-II.; standard 
is used to set the photometer, alternatively 
calculate fluoride concentration as follows: 

.,._IL _ Ao - A. 
mg.- ----A0- A, 

where: 
A0 = absorbanc:e of the prepared 0 mg 

p-I L standard, 

A, = absorbanc:e of a prepared 1.0 mg 
p-I L atandard, and 

A. = absorbanc:e of the prepared sample. 

6. Precision and Accuracy 

A synthetic sample containing 0.830 mg 
p-/L and no interference in distilled water 
was analyzed in 53 laboratories by the 
SP ADNS method. with a relative standard 
deviation of 8.0% and a relative error of 
1.2%. After direct distillation of the sam­
ple, the relative standard deviation was 
11.0% and the relative error 2.4%. 

A synthetic sample containing 0.570 mg 
p-IL. 10 mg A1/L, 200 mg S04

1
- IL. and 
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300 mg total alkalinity/L was analyzed in 
53 laboratories by the SPADNS method 
without distillation, with a relative stand­
ard deviation of 16.2% and a relative error 
of 7.0%. After direct distillation of the 
sample, the relative standard deviation was 
17.2% and the relative error 5.3%. 
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A synthetic sample containing 0.680 mg 
F-/L, 2 mg Al/L, 2.5 mg (NaP03)~. 200 
mg so.z-/L, and 300 mg total alkalinity/ 
L was inalyzed in 53 laboratories by direct 
distillation and SPADNS methods with a 
~elative standard deviation of 2.8% and a -
relative error of 5.9%. 

413 D. Alizarin Vfsual Method 

1. Apparatus 

Color comparison equipment" One of the 
following is required: 

a. Nessler tubes. matched, 100-mL, tall 
fonn. 

b. Comparator, visual. 

2. Reagents 

a. Standard fluoride solution: Prepare as 
directed in Section 413B.3b; 1.00 mL = 
10.0 J.Lg F-. 

b. Zirconyl-alizarin reagent: Dissolve 300 
mg zirconyl chloride octahydrate, 
Zr0Cl2 • 8H20, in SO mL distilled water 
contained in a 1-L glass-stoppered volu­
metric flask. Dissolve 70 mg 3-alizarinsul­
fonic acid sodium salt (also called alizarin 
red S) in SO mL distilled water and pour 
slowly into the zirconyl solution while stir­
ring. The resulting solution clears on stand­
ing for a few minutes. 

c. Mixed acid solution: Dilute 101 mL 
cone HCI to approximately 400 mL with 
distilled water. Add carefully 33.3 mL cone 
H2S04 to approximately 400 mL distilled 
water. After cooling, mix the two acids. 

d. Acid-zirconyl-alizarin reagent: To the 
clear zirconyl-alizarin reagent in the 1-L 
volumetric flask, add mixed acid solution. 
Add distilled water to the mark and mix. 
The reagent changes from red to yellow 
within an hour and is then ready for use. 
Store in an amber bottle away from direct 

sunlight to extend reagent stability to 6 
months. 

·e. Sodium arsenite solution: Prepare as - · 
directed in Section 413C.3f. 

3. Procedure 

a. Sample pretreatment: If the sample 
contains residual chlorine, remove by add­
ing I drop (0.05 mL) of arsenite/0.1 mg 
chlorine and mix. 

b. Preparation of standards: Prepare a 
series of standards by diluting with distilled 
water various volumes of standard fluoride 
solution to l 00 mL in nessler tubes. Choose 
standards so that there is at least one with 
lower and one with higher fluoride con­
centration than that 0f sample. The interval 
between standards determines accuracy of 
the determination. An interval of 0.050 mg 
F-/L usually is sufficient. 

c. Color development: Adjust tempera­
ture of samples and standards so that the 
deviation among them is no more than 2"C. 
A temperature near that of the room is 
satisfactory. To 100 mL of clear sample, 
or a portion diluted to 100 mL, and to the 
standards in nessler tubes, add 5.00 mL 
acid-zirconyl-alizarin reagent with a vol­
umetric pipet. Mix thoroughly, avoiding 
contamination, and compare samples and 
standards after I h ::!:: 5 min. 

:I 
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I. INTRODUCTION 

The following QA/QC operations are performed during each 
analytical run and are described in detail in the following 
sections. 

A. INSTRUMENT QUALITY CONTROL 

• Daily Performance Check: Determining BEC (ICP) 

• Initial Calibration and Calibration Verification 

• Continuing Calibration Verification 

B. METHOD QUALITY CONTROL 

• Preparation Blank Analysis 

• Interference Check Sample Analysis (ICP) 

• Matrix Spike Analysis 

• Duplicate Sample Analysis 

• Furnace AA QC Analysis (Method of Standard Additions 
may be required under certain conditions). 

• Laboratory Quality Control Sample Analysis 

1 
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II. INSTRUMENTAL QUALITY CONTROL 

A. ICP DAILY PERFORMANCE CHECK: DETERMINING BEC 

The Background Equivalent Concentration (BEC) is employed 
in ICP emission spectroscopy to compare the signal-to-background 
ratio of the various emission wavelengths of an element. It is 
the concentration of the analyte that gives an emission signal 
that is equal to the intensity of the plasma background at the 
selected wavelength. A solution of manganese at a concentration 
of 1 lg/ml is used as a daily check. If the instrument is 
optimized by proper torch alignment (vertical and lateral), RF 
power (forward and reflected), and nebulizer argon pressure, 
the BEC value for Mn should be 0.05 mg/1 ~ 0.02 mg/1. 

The measurement of Mn BEC can be done manually or by 
utilizing the diagnostics software provided by Perkin-Elmer. 

1. Perform the following procedure for measurement of BEC 
utilizing the diagnostics software: 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

2. By 
to 

a. 

Prepare 1 g/ml Mn solution. 

Turn on the Data Station. 

Insert diagnostics disk in drive 0. 

Enter time and date on Data Station. 

Type in SEC on the Data Station keyboard and 
depress RETURN. 

Follow prompts on Data Station screen. 

Use 1 integration time. 

Depress RETURN when Turn Lam:e On command is on 
screen. 

Depress S for slew offline for background reading. 

manual measurement, follow procedures listed below 
determine the BEC of manganese: 

Using the keyboard controls of the Model 5500 set 
the following: integration time = .2 seconds, 
continuous signals, emission mode, slit = .02 low, 

2 
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PMT gain = 600, monochrometer scan rate = 1.0 
nm/min. 

b. Turn on the ICP power supply. Turn on the Argon 
and the water supply, set the plasma controls to: 
Plasma gas flow = 12 1/min. Auxillary gas flow = 
.2 1/min, nebulizer pressure = 25-30 psi, viewing 
height = 15 mm. Let the torch purge to 2-3 minutes. 

c. Ignite the plasma-make sure all doors are closed 
and blue RF OFF key is illuminated. Push the red 
RF ON key and press the ICP IGNITE. If the ICP 
does not ignite within 5 seconds, depress the RF 
OFF KEY, wait two minutes and repeat. Insure the 
plasma is stable and no yellow-orange emission is 
visible at the injector or at the top of the torch 
assembly. If visible emission is seen - shut the 
plasma off immediately!! Realign the torch and 
reignite. Continue until no emission is observed. 

d. Turn the optical switch (if available) on the 
transfer optic to ·the AA position and press A/Z on 
the instrument console. This sets the instrumental 
zero. 

e. Turn the optical switch back to the ICP position. 
Slew the monochrometer to the manganese line at 
257.6 nm. Aspirate the 1.0 mg/1 Manganese solution 
and peak on the line using the + or - scan keys. 
Depressing these keys in rapid sucession will move 
the monochrometer 1 grating step. When the signal 
is optimized, note the reading. If the signal is 
too intense (ERROR E03) depress the gain key and 
continue the optimization. 

f. Aspirate deionized water for 1 minute. Record 
the reading. 

g. Calculate the system sensitivity (BEe-background 
equivalent cone.) 

A = Reading for 1 mg/L Mn 

B = Blank reading 

A-B = Net standard reading 

C = concentration 

= 1 mg/L in this case 

3 
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BEC = [(B) / (A-B)] XC= 
(in mg/L} 

(A typical Manganese BEC is 0.050 mg/L.) 

3. Corrective Action 

See Routine Maintenance and Troubleshooting section 
(Chapter IV, E) of Trace Metals Analysis of Water 
and Wastewater by ICP-AES for troubleshooting high BEC. 

B. INITIAL CALIBRATION AND CALIBRATION VERIFICATION 

For ICP systems, calibration standards are prepared by 
diluting the stock metal solutions at the time of analysis. 

Low calibra­
tion standards n\ust be prepared fresh each time an analysis is 
to be made and discarded after use. Prepare a blank and one 
calibration standard. The calibration standard must be prepared 
using the same type of acid or combination of acids and at the 
same concentration as will result in the samples following 
sample preparation. 

Calibration standards for furnace AA procedures should be 
prepared as described in the individual methods for that 
metal 

A calibration blank is analyzed each time the instrument 
is calibrated, at the end of the run, and at a frequency of 10% 
during the run. The results for the calibration blank solution 
shall be recorded on Form III for ICP and AA, as indicated. 
Blanks are to be reported as "less than (numeric value)" when 
the detected concentration is less than the contract required 
detection limit. If the blank result is greater than the CRDL 
(see Table 1), terminate analysis, and recalibrate. Notify the 
supervisor and begin corrective action (see Troubleshooting and 
Routine Maintenance, Chapter IV-E of ICP-AES Method for Trace 
Element Analysis of Water and Waste} if the problem persists. 

After the ICP and AA have been calibrated, the accuracy of 
the initial calibration shall be verified and documented for 
every analyte by the analysis of EPA Quality Control Solutions 
(available from EPA, Telephone 513/684-7325). 

Where a certified solution of an analyte is not available 
from EPA or any source, analyses shall be conducted on an 
independent standard at a concentration other than that used 
for calibration, but within the calibration range (e.g., tin is 
not currently present in EPA Quality Control Samples). When 
measurements for the certified components exceed the control 
limits of Table 2, the analysis must be terminated, the problem 
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corrected, the instrument recalibrated, and the calibration 
reverified. If the problem is not corrected the analyst will 
notify the lab supervisor and QA/QC officer and begin corrective 
action (refer to chapter on Troubleshooting, Chapter IV,E of 
ICP-AES Methods for Trace Element Analysis of Water and Waste­
water) •. 

C. CONTINUING CALIBRATION VERIFICATION 
(INSTRUMENT CHECK STANDARD) 

To assure calibration accuracy during each analysis run, 
one of the following standards is analyzed for each analyte at 
a frequency of 10% or every 2 hours during an analysis run, 
whichever is more frequent, and after the last analytical 
sample. The analyte concentrations in the continuing calibra­
tion standard must be one of the following solutions and must be 
at or near the mid-range levels of the calibration curve: 

• EPA Quality Control Solutions 

• NBS SRM 1643a 

• A contractor-prepared standard solution that is an 
"independent standard", defined as a standard composed 
of analytes from a different source than those used in 
the standards for the initial calibration. 

The same continuing calibration standard must be used 
throughout the analysis runs for a case of samples 
received. 

If the deviation of the continuing calibration verifica­
tion is greater than the Control Limits specified in 
Table 2, the instrument must be recalibrated and the 
preceding 10 samples reanalyzed for the analytes 
affected. Information regarding the continuing 
verification of calibration shall be recorded on Form 
II for ICP and AA. 

D. INSTRUMENT DETECTION LIMIT 
(WILL ONLY BE PERFORMED UNDER EPA-CLP CONTRACT) 

Before any field samples are analyzed the instrumental 
detection limits (in ~g/L) must be documented within 30 days 
of the start of the analyses and at least quarterly (every 3 
months), and must meet the levels specified in Table 1. The 
instrumental detection limits (in ~g/L) shall be determined 
by multiplying by 3, the standard deviation obtained for the 
analysis of a standard solution (each analyte in reagent water) 
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at a concentration 3-5 times the IDL on three (3} nonconsecutive 
days with 7 consecutive measurements per day. 

E. LINEAR RANGE CHECK STANDARD 
(WILL ONLY BE PERFORMED UNDER EPA-CLP CONTRACT} 

For ICP analysis, a linear range verification check stan­
dard must be analyzed and reported quarterly for each element 
on Form XI. The standard must be analyzed during a routine 
analytical run. The analytically determined concentration of 
this standard must be within t 5% of the true value. This con­
centration is the upper limit of the ICP linear range beyond 
which results cannot be reported under the contract. 

6 
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III. METHOD QUALITY CONTROL 

A. PREPARATION BLANK ANALYSIS 

At least one preparation blank (or reagent blank), con­
sisting of the method-required reagents processed through each 
sample preparation procedure performed for each case, must be 
prepared and analyzed for every 20 samples received, or for 
each batch* of samples digested, whichever is more frequent. 
Each data package must contain the results of all the prepara­
tion blank analyses associated with the samples in that case. 

This blank is to be reported for each case (using numeric 
values only) and used in all analyses to ascertain whether 
sample concentrations reflect contamination in the following 
manner: 

1. If the concentration of the blank is less than the 
contract required detection level (Table 1) no correc­
tion of sample results is performed. 

2. If the concentration of the blank is above the contracc 
required detection level: For any group of samples 
associated with a particular blank, the analyte concen­
tration of the sample with the lowest analyte concen­
tration must be lOX the blank concentration, otherwise 
all samples associated with the blank and less than 
10 x the blank concentration must be redigested and 
reanalyzed. The sample value is not to be corrected 
for the blank value. · 

The values for the preparation blank shall be recorded 
on Form III for ICP and AA, as indicated. 

B. ICP INTERFERENCE CHECK SAMPLE ANALYSIS 

To verify inter-element and background correction factors 
the Contractor must analyze and report the results for an ICP 
Interference Check Sample at the beginning and end of each 
sample analysis run (or a minimum of twice per 8 hour working 
shift, whichever is most frequent). The ICP Interference Check 
Sample must be obtained from EPA (EMSL/LV) if available. If 

*A group of samples prepared at the same time. 
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the ICP Interf·erence Check Sample is not available from EPA, an 
independent ICP Check Sample must be prepared with interferant 
and analyte concentrations at the levels specified in Table 3. 

Results for the check sample analysis during the analytical 
runs must fall within the control limit of ± 20% of te estab­
lished mean value. If not, terminate the analysis, correct the 
problem, recalibrate, reverify the calibration, and reanalyze 
the samples. Notify the lab supervisor and begin corrective 
action (Chapter IV-E of ICP-AES Method for Trace Element Analysis 
of Water and wastewater) if the problem persists. 

The mean value and standard deviation are established by 
initially analyzing the check samples at least 5 times repeti­
tively for each parameter on FoL~ IV. 

Results of all Interference Check Sample analyses must be 
recorded on Form IV. 

C. SPIKED SAMPLE ANALYSIS 

The spiked sample analysis is designed to provide informa­
tion about the effect of the sample matrix on the digestion and 
measurement methodology. The spike is added before the diges­
tion. At least one spiked sample analysis must be performed on 
each group of samples of a similar matrix type (i.e., water, 
soil) and concentration (i.e., low, high) for each case of 
samples or for each 20 samples received, whichever is more 
frequent. Samples identified as field blanks cannot be used 
for spiked sample analysis. 

The analyte spike must be added in the amount given in 
Table 4 for each element analyzed. If the spike recovery is 
not within the limits of 75-125%, the data of all samples 
received associated with that spiked sample must be flagged 
with the letter •R•. An exception to this rule is granted in 
situations wh~re the sample concentration exceeds the spike 
concentration by a factor of four or more. In such a case, the 
spike recovery should not be considered and the data shall be 
reported unflagged even if the percent recovery does not meet 
the 75-125% recovery criteria. 

Individual component percent recoveries (%R) are calculated 
as follows: 

(SSR-SR) 
%Recovery = X 100 

SA 
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where 
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SSR = Spiked Sample Result 

SR = Sample Result 

SA = Spike Added 

When sample concentration is less than the contract required 
detection limit, use SR = 0 for purposes of calculating %Recovery. 
The spiked sample results must be reported on Form V for ICP 
and AA, as indicated. 

D. DUPLICATE SAMPLE ANALYSIS 

At least one duplicate sample must be analyzed from each 
group of samples of a similar matrix type (i.e., water, soil) 
and concentration (i.e., low, medium) for each Case of samples 
or for each 20 samples received, whichever is more frequent. 
Samples identified as field blanks cannot be used for duplicate 
sample analysis. 

The relative percent differences* (RPD) for each component 
are calculated as follows: 

RPD = X 100 

where 

RPD = Relative Percent Difference 

01 = First Sample Value 

02 = Second Sample Value (duplicate) 

The results of the duplicate sample analysis must be reported 
on Form VI. A control limit of-± 20% for RPD shall be used for 
sample values greater than 5 times the contract required detec­
tion level (CRDL, Table 1). A control limit of ± the CRDL 
shall be used for sample values less than 5 times the CRDL. If 
either sample value is less than the CRDL, the RPD is not cal­
culated and is indicated as "NC" (non-calculable RPD due to 
values less than CRDL) on Form VI. 

* Relative percent difference is equivalent to relative range 
of duplicates (RR). 
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If the duplicate sample results are outside the control 
limits, flag all the data for samples received associated 
with that duplicate sample with an "*" on Form VI and I. 

E. FURNACE ATOMIC ABSORPTION (AA) OC ANALYSIS 

Because of the nature of the Furnace AA technique, the 
special procedures summarized in Figure 1 will be ~equired 
for quantitation. 

1. All furnace analyses, except during Full Methods of 
Standard Addition (MSA), will require duplicate injec­
tions for which the average absorbance or "concentra­
tion" will be reported. All analyses must fall within 
the calibration range. The raw data package must con­
tain both absorbance or "concentration" values and the 
average value. For concentrations greater than CRDL, 
the duplicate injection readings must agree within ± 20% 
relative standard deviation (RSD) o~ "coefficient of 
variation", or the sample must be rerun at least once. 

2. All furnace analyses for each sample will require at 
least a single analytical spike to determine if the 
MSA will be required for quantitation. The spike* 
~ill be required to be at a concentration (in the 
sample) twice the contract required detection limit 
(CRDL-Table 1). The percent recovery (%R) of the 
spike, calculated by the same formula as Spiked Sample 
analyses (see III-C) will then determine how the sample 
will be quantitated as follows: 

a. If the spike recovery is less than 40%, the sample 
must be diluted and rerun with another spike. 
Dilute the sample by a factor of 5 to 10 and rerun. 
This step must only be performed once. If, after 
the dilution, the spike recovery is still <40%, 
flag data with an "E" to indicate interference 
problems. 

b. If the spike recovery is greater than 40% and the 
sample absorbance or concentration is <SO% of the 

*Spikes are post digest spikes to be prepared prior to analysis 
by adding a known quantity of the analyte to an aliquot of the 
digested sample. The unspiked sample aliquot must be compen­
sated for any volume change in the spike samples by addition 
of deionized water to the unspiked sample aliquot. 
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spike*, report the sample as less than the CRDL or 
less than the CRDL times the dilution factor if the 
sample was diluted. 

c. If the sample absorbance or concentration is >50% 
of the spike and the spike recovery is between 85% 
and 115%, the sample should be quantitated directly 
from the calibration curve. 

d. If the sample absorbance or concentrat~on is >SO% 
of the spike and the spike recovery is less than 
85% or greater than 115%, the sample must be 
quantitated by MSA. 

3. The following procedures will be incorporated into MSA 
analyses. 

a. Data from MSA calculations must be within the linear 
range as determined by the calibration curve 
generated at the beginning of the analytical run. 

b. The sample and three spikes must be analyzed 
consecutively for MSA quantitation (the "initial" 
spike run data is specifically excluded from use in 
the MSA quantitation). Only single injections are 
·required for MSA quantitation. 

c. Spikes should be prepared such that: 

- Spike 1 is approximately 50% of the sample 
absorbance. 

- Spike 2 is approximately 100% of the sample 
absorbance. 

- Spike 3 is approximately 150% of the sample 
absorbance. 

d. The data for MSA quantitation should be clearly 
identified in the raw data documentation along with 
the slope, intercept and correlation coefficient 
(r) for the least squares fit of the data and the 
results reported on Form VIII. Reported values 
obtained by MSA are flagged on the data sheets 
(Form I) with the letter "s". 

* "Spike" is defined as (absorbance or concentration of spike 
sample) minus (absorbance or concentration of the sample). 
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e. If the correlation coefficient (r) for a particular 
analysis is less than 0.995 the MSA analyses must 
be repeated once. If the correlation coefficient 
is still <0.995, the results on Fol~ I must be 
flagged with •+•. 

F. LABORATORY CONTROL SAMPLE (LCS) ANALYSIS 
(WILL ONLY BE PERFORMED UNDER EPA-CLP CONTRACT) 

Aqueous and solid laboratory quality control samples must 
be analyzed for each analyte using .the same sample preparation 
and analytical methods employed for the EPA samples received. 

The aqueous LCS must be an EPA Quality Control Solution 
(available from EPA) or a standard whlch satisfies the criteria 
for use as an Initial Calibration Standard, and must be prepared 
and analyzed for each of the procedures applied to each case of 
samples received. One aqueous LCS must be analyzed for eveL~ 
20 samples received, or for each batch* of samples digested, 
whichever is more frequent. Each data package must contain.the 
results of all the LCS analyses associated with the samples on 
that case. 

All aqueous LCS results will be reported on Form VII in 
terms of true concentration and present recovery (%R) as 
·calculated by: 

%R • (Observed/True) X 100 

where •observed• is the measured concentration. If the % 
recovery for the aqueous LCS falls outside the control limits 
of 80% - 120%, the analyses must be terminated, the OA/OC 
officer notified and corrective action initiated (see Chapter 
IV-E of ICP-AES Method for Trace Element Analysis of Water and 
Wastewater). The previous samples associated with that LCS 
must be re-analyzed (i.e., previous 19 samples or the batch of 
samples from the case) after the problem is corrected. 

[Note: the following refers only to EPA approved CLP's.] 

Once a month, a solid LCS, available from EPA (e.g., dried 
municipal sludge-EPA Quality Check Samples or other certified 
material) must be prepared and analyzed using each of the 
procedures applied to the solid samples received. 

* A group of samples prepared at the same time. 
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The monthly results of the solid LCS samples should be 
reported on a duplicate FoL~·vri and submitted monthly to 
~MSL/Las Vegas and SMO· on the 15th of every month. 

If the percent recovery for the solid LCS sample is outsiqe 
the control limits established by EPA, no further sample analyses 
may be done until the analytical problems are solved, and satis­
factory LCS results are obtained. 
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Table l. 

Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Tin 
Vanadium 
Zinc 

Martin Marietta Environmental Systems 

Required instrument detection limits for metals as 
determined by inductively coupled plasma emission 
or atomic absorption spectroscopy(a),(b) 

Detection level 
(JJg/L) 

200 
60 
10 

200 
s 
s 

sooo 
10 
so 
2S 

100 
s 

sooo 
lS 
0.2 

40 
sooo 

s 
10 

sooo 
10 
40 
so 
20 

(a)The ICP may be utilized as long as the documented instru­
ment or method detection limits meet the Contract Required 
Detection Level (CRDL) requirements. Higher detection 
levels may only be used in the following circumstance: 

If the sample concentration exceeds two times the detection 
limit of the instrument or method in use, the value may 
be reported even though the instrument or method detection 
limit may not equal the contract required detection level. 
This is illustrated in the example below: 

For lead: 
Method in use = ICP 
Instrument Detection Limit (IDL) = 40 
Sample concentration = as 
Contract Required Detection Level (CRDL) = 5 
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Table 1. (continued) 

The value of 85 may be reported even though instrument 
detection limit is greater than required detection level. 
The instrument or method detection limit must be docu­
mented as descriped in Exhibit E. 

(b)These CRDL are the instrument detection limits obtained 
in pure water that must be met. The detection ~limits for 
samples may be considerably higher depending on the 
sample matrix. 
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Table 2. Initial and continuing calibration verification control limits for inorganic . 
analyses. 

Analytical Method 

ICP Spectroscopy/ 
Flame Atomic 
Absorption 
Spectrometry 

Furnace AA 

Cold Vapor AA 

Other 

Inorganic Species 

Metals 

Metals 

Tin 

Mercury 

Cya·nide 

\ of True Value (EPA Set) 

Low Limit High Limit 

90 110 

90 110 

80 120 

80 120 

90 110 

I 
f 
~ 
:r 

I i= 

I a· 
Ill 

m 
:I 

I c 
::;· 
0 
:I 

I 3 
CD 
:I ... 
!!.. 
en 
< = CD 
3 ... 



Martin Marietta Environmental Systems 

Table 3. Interferant and analyte elemental concentra­
tions used for ICP interference check sample. 

• Analytes (mg/L) Interferents (mg/L) 

Ag o.s Al 500 
As 1.0 Ca 500 
Ba o.s Fe sao 
Be o.s Mg 500 
Cd 1.0 
Co o.s 
Cr o.s 
Cu o.s 
Mn o.s 
Ni 1.0 
Pb 1.0 
Sb 1.0 
Se 1.0 
T1 1.0 
v o.s 
Zn 1.0 
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Table 4. Spiking levels(a) for sample analysis. 

For ICP/AA For Furnace AA Other 
(llg/L) (llg/L) (llg/L) 

----------------- -----------------
Element Water Sediment(b) Water SedimentCb) 

Aluminum 2,000 • 
Antimony 50 50 
Arsenic 20 40 
Barium 2,000 2,000 
Beryllium .50 50 
Cadmium 50 ' 50 5 5 
Calcium 100,000 • 
Chromium 200 200 
Cobalt 500 500 
Copper 250 250 
Ir-on 1,000 • 
Lead 500 500 

; 
20 

~I Magnesiu• 50,000 • 
Manganese 200 500 
Mer-cury 1 
Nickel 400 500 
Potassium 50,00() • 
Selenium 10 10 
Silver- 50 50 
Sodium 100,000 • 
Thallium 50 50 
Tin 400 500 200 
Vanadium 500 500 
Zinc 200 500 

-

(a)Amount to add pr-tor to digestion/distillation -- choose amount appropriate to 
method of analys a. Elements without spike levels and not designated with an 
asterisk, should be spiked at appropriate levels. 

(b)The levels shown indicate concentrations in the digestate of the spiked sample. 

*No spike requir-ed. 
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PU:PAU AND ANAL!%! SAMPLE: 
AHD OM! SPIXE (2 X C.a.D.L.) .,..4..,._-------------.-, 
(double injec:ioaa required) 

p-.----·--------, _____ No ___ ....,.rl. DILU: SAMPLE 
AHALISIS lilnuM . C.U.ULUIOS IABGJ: · ·"" 

' UCOVEllY OF SPIXE ~ 40% 
if NO, repeat oaly oace 

NO I!POil' SAMPL! AS 
SAKPLI .USOUABC! )30% of SPID ------------:~ (C.a.D.L. X ANY ...._. _____________ _. DILOTION FACTOB. 

10 QtwrriTA'I! FRCM 
---------------~-~~~ C.U.URAXION ...._. ___________ __. <:uaV! AND lEPOR.T 

Q1WITITAn: BY MS4 WID 3 SPU!S 
A'r ,0, 100 .um 1'0% Ol SAMPLE 

AISOilWfC! "": 
(oaly aingla injec:ioaa required) 

if NO, 
...._. _____________ _.. repeat oaly oaca 

lLAG DAn lnl'B •• ·t "------------t·~ll'I..\G DAn Wll'B A ••• 
if acill NO · 

Figure 1. Furnace atomic absorption analysis scheme 
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APPENDIX A 

TRACE METALS ANALYSIS PACKAGE FORMS 
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"' 

• 

ANALYST a 

O.C. REPORT NO. _ 

DATA CHECK INITIALS 

MMBS 10. NO, 

CLIENT ID. NO. 

CLIENTCa) 

SAMPLING DATB 
ANALYSIS 

METALS OATB 

Araenlc 

Barlu• 

Cad•lu• 

Lead 

Chro.lu• 

Mercurv 

Selenlu• 

Sliver 

---
---~-

. - -- --- ~--- -·~- --

rootnoteal 

MARTIN MARIETTA ENVIRONMENTAL 8YRTEMR 

fORM 1-A 

-

TRACE METALS ANALYSIS DATA SHIET 
MATRIX! EP TOXIC BXTRACTR 

< Cleaa than) - lndlcatea value Ia leea than the •ethod detection ll•lt. 

UNITS I 

--- -- -------------

Indicate the analytical •athod uaad vlth P lfor ICP/fl••• AA) or r lfor furnace), 
B - lndlcataa a value aatl•atad or not reported due to the preaence of Interference. 
a - lndlcatea value detar•lned by Method of Standard Addition. 
R - lndlcatea aplka aaaple recovery Ia not vlthln control llalte. 

- lndlcatea duplicate analyala le not vlthln control llalta. 
- lndlcatea the correlation coefficient for aethod of atandard addition la leaa than 0.995. 

Cooaaentaa Lab, Manager •----------

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 



ANALYST I 

M~RTIN M~RIKTT~ ENVIRONMENT~L SYSTEMS 
FORM 1-ft 

'TR~CII MITALS ANALYSIS DATA SHEP.T 
MATRIX I 

Q.C. REPORT NO. _ 

DATA CIIECil INITIALS 

' 
MMI:S ID. NO. 

CLIENT ID. NO. 

CLUNTia_l 

SAMPLING DATI 
ANALYSIS 

METALS DATE 

Araanlc 

Barlu• 

Cad•lu• 

Chr01alu• 

Lead 

Mercury 

Salanlu• 

Sllvar 

COPPer 

Iron 

Maqganaaa 

Unc 

Antl•onv 

Bar)llllu• 

Nlckal 

Thalllu• 
P'ootnotaal 

< llaaa than) - lndlcataa value Ia laaa than the ••thod datactl011 ll•lt. 

E 
8 

R 
• 

Indicate the analvtlcal ••thod uaad vlth P (for ICP/Fla•• AAI or r (for furnacat. 
- lndlcataa a value aatl•atad or not reported due to the praaanca of Interference. 
- lndlcatea value datar•lnad bv Method of Standard Addition. 
- lndlcataa aplka •••pia recovarv la not vlthln control ll•lta. 
- lndlcataa duplicate analvala Ia not vlthln control ll•lta. 

UNITS I 

• - lndlcataa the correlation coefficient for •athod of atandard addition Ia laaa than 0.995 • 

co-ant&! LAB. MANAGERI ----



HARTIN HARIBTTA BNVIRONH~NTAL SYST~HS 
FORH IIA 

Q.C. REPORT NO. 
INITIAL AND CONTINUING CALIBRATION VERIFICATION 

HATRIXI EP TOXIC EXTRACTS 

DATil DATA CH~CK/INITIALSI 
ANALYSTI r COHHBNT81 

--------~--T I I ~cl~len~t _______ -]~-----------_--_-_-~[--------;-----
HH£8 SAHPLB I D. -RA~GI-, - r ------ - [ I I 

Unltaa 

1 
Contln Ina Calibration 

2 
Initial Callb. 

Tl'ue Value round •• True Value round •• round •• Analv.ta Date 

Araenlo 

Barlua 

Cadalua 

Chroalua 
. 

Lead 

Hercurv 

Selenlua 

Silver 

I 

• Method 

I 

. "l 

' 

---------- ~-~------~-

1 Initial Calibration Source 
J Continuing Calibration Source 
1 Control Llaltaa Mercury 80-12~0-,~ATITI~O~t~h-er Hetala 90-110 
4 Indicate Analytical Method Uaeda P - ICP/F1aae AAI r - Furnace 



• 

DATI a 

ANALYST a 

HARTIN MARIETTA ~~VIRONMENTAL SYSTEMS 
FORM liB 

. Q.C. RBPO~T NO. 
INITIAL AND CONTINUING CALIBRATION VERIFICATION 

MATRIX a 

DATA CHBCI/INITIALHa 

COHHINTIIa 

::::·:.. ..... .- ..... I I I I I 
Unltaa 

lnltlal CaUb. 
I 

Contlnu•ru. Callbratlon 
2 

True Value round \R True Value round ,. round ,. Analvala Date 

Araanlo 

Barlu• 

Cad•lu• 

Cbr011lu• 

Lead 

Mercury 

Selanlu• 
~ 

Sliver 

Copper 

Iron 

Mangan••• 

line 

Antl•or~y 
. 

Berrlllu• 

Nickel 

Thalllu• 
------ ------- ----

1 Initial Calibration Source 
l Continuing Calibration Sour-c-.------------
1 Control Ll•ltaa Mercury 80-llOt All Other Hatala 90-110 
t Indicate Analytical Method Uaeda P - ICP/Pla•e AAJ ~ - Furnace 

• Method 

' 

I 

! 

I 

I 
I 

I 



MARTIN MARIETTA ENVIRONMENTAL SYSTEMS 
fORM III-A 

O.C. REPORT NO. 
BLANKS 

MATlUX: EP TOXIC EXTRACTS 

DATE: DATA CBECX/INITIALS: 
AN.U.'fST: COMMENTS: 

MMES Sample Il'l. 

IniUaJ. Cont1nu1n9 Calibrauon 
Calibration Blank Value Preparation Blank 

Metals Blank Value l l 3 

1. Arsenic . 
2. Barium 

3. Cadmium 

4. Chromium 

5. Lead 

6. Mercul:'Y 

7. Selenium 

a. Silver 

9. 

10. 

11. 

12. 

Onits 

Analysis Date 



DATI: 
AHAI.YSTa 

Client 

MMIS Sample ID. 

Metals 

1. Arsenic 

2. BariWII 

3. CadiWII 

4. Chi:'OIIliWII 

5. Lead 

'· Mercurv 

7. SeleniWII 

a. Silver 

9. Coooer 

10. Iron 

11. Mancanese 

12. Zinc 

13. Antilllonv 

u. BerylliWII 

15. Mickel 

15. Thalliwa 

In1U&J. 
Calil:tration 
Blank Value 

MARTIN MARIE'rrA ENVIRONMENTAL SYSTEMS 
FORM III-B 

Q.C. REPORT NO. 
BLANKS 

MA'1'1UXa 

~A CBECX/INITIALS: 
COMMENTS: 

cont1nu1ng C&J.1Dr&t1on 
Blank Value Preparation Blank 

1 _Z_ 3 

. 

. 

. 

Onits ----------

Analysis Date 



~IN MARIETTA ENVlRONMENTAL SYSTEMS 
FORM IVA 

O.C. REPORT NO. 

ICP INTERFERENCE CHECK SAMPLE 
MATlUXa !P TOXIC !!XTRAC'l'S 

DA%1a DATA CBECX/INITIALS: 
ANALYST 1 COMMENTS a 

OniUI 
Chec:lc S.-ple Sourcea 

Metals Control Liaitsl 
2 Initial 

Mean St. Dev. Tl:Ue Observed tR 

1. Arsenic 

2 • BadWII 
. 
3. CadmiWII 

4. ChrcaiWII 

!. La ad 

s. Mercu_r'l._ 

'· SeleniWII 

a. Silver 

9. 

10. 

ll. 

12. 

·I 
Pinal 

Observed· 

1Mean value based on n • • 
2T1:Ue value of !PA ICP Interference Checx Sample or contractor standard. 

Analysis 
tR Date 

.• 
• 



DA'l'Ea 
ANALYST: 

Client: 

MM!S Saeple ID. Rangeol 

Check Sample Sourcea 

Metals Control 

Mean 

1. Arsenic 

2. Barium 

3. CadJilium 

4. Chroaium 

5. Lead 

'· Mercurv 

1. Selenium 

a. Silver 

9. Cocoer 

10. Iron 

u. Manaanese 

ll. Zinc 

13. Ant imon_y_ 

14. Berv1lium 

1!. Mickel 

16. Thallium 

MAll':'lN MARI!"l"l'A ENVIRONMENTAL SYSTEMS 
FORM IVB 

O.C. REPORT NO. 
10 INT!RPIRENCE CBECX SAMPLE 

MATlUXa 

t.imitsl 

St:. Dev. 

DA%A CBICX/INI'l'IALSa 
COMMENTS a 

2 Initial 
't'ne Observed u 

Pinal 
Observed 

1Mean value based on n • • 
2True value of !PA ICP Int:er!erence Check Sam9le or contractor standard • 

• 

Analysis 
\It Dat:e 

,,i 
..>LillO 



MAR%IN MARIETTA ENVIRONMENTAL SYSTEMS 
FORM VA 

Q.C. UPOR'l' NO. 

SPilt!! SAMPLE RECOVERY 
MA'11UXa !P TOXIC !X'l'RACTS 

DATI: DATA CB!CX/INITIALS: 
ANALYST: COMMBNTS 1 

Client 

MM!!S Sample ID. 

Control Limit 
Metals tR 

1. Arsenic 

2. BariUlll 

3. Cadmium . 
4. Chr0111ium 

5. tead 

'· Mercu__;y 

7. Selenium 

a. Silver 

9. 

10. 

ll. 

ll. 

1 \R • [(SS'R • SR)/SAJ X 100 
•tt• - out of control 
Comments: 

Spiked Suaple S.mple 
Result (SSR) Jtesul t ( S'R) 

Onita: 

Spiked 
Added (SA) 

r 

1 Analysis 
tR Date 



DATE: 
ANALYST: 

Client. 

MMU S!J!!Ol• tO. 

Control Limit 
Metals tR 

1. Arsenic: 

2. Barium 

3. Cad:llliwa 

4. Chromiwa 

5. Lead 

'· Merc:urv 

1. Selemiwa 

a. Silver 

9. Cocoer 

10. Iron 

11. Manaanese 

12. Zinc: 

13. Antimony 

14. Berv ll i wa 

15. Mic:lcel 

16. Thalliwa 

1 \R • [(SSR - SR)/SA] x 100 
••• - out of control 
C0111111ent.s: 

• 

MAR:IN MARIETTA ENV1RONMENTAL SYSTEMS 
FORM VB 

Q.C. UPORT NO. 

SPIXB SAMPLE RECOVERY 
MATlUX: 

DA%A CB!CX/INITIALS: 
COMM!MTSa 

tJnitsa 

Spiked s .. ple Saat»le Spiked 
Result (SSR) Result. (SR) Added (SA) \Rl Analysis 

Date 



, ...... .-. ..... ~ .... 

Client , I >!ME!! Soa>le m. ....., 

I 

i . 
l. Anenic 

2. Sari \Ill 

3. Caemil.B 

4. CU:emi\8 r 

I 
a. SUver I 

lO. 

u. 
l2. 

I . 

I 

Onie3: --------I ~licacef 2 
(C) I~ . 

~ f 
I 

I t 

t 
! 

~ I 
I ~ \ 

1- I 
I I 
r r 

! II I I 
l..a l • 2~ QO is =nt.:ol. limit fer values ~ur t."1an 5 times the oa. 

ol :; oor. is c::cnuoJ. llmit fer ~~&lues less t:Mn s dmee the om. 
2 RPO-· cIS - 0(/C (S • C)/2) I X 100 
• ~c Qf CQnt::z:ol. 
~- ~ caJ.cuJace RPO a. tc ll&lue<sl less t.~ om. 



DAna 
ANAl.%S'1'1 

Cliene 

MMIS Smle I'D. 

Meeals 

1. Anenic 

2. Bar:iwa 

3. C.admiua 

4. Chr:oaiwa 

5. taad 

f. Mer:c:urv 

7. Saleaiua 

a. Silver: 

9. Coaaer: 

10. Iron 

ll. Manaanese 

12. :inc 

13. Antiaonv 

14. Ber:v 11 1 ua 

15. Mickel 

u. Thalliua 

... J 
Conezol 
timies 

MAltl'Ill MAJU!'rrA ENVIRONMEll'l'AL SYSTEMS 
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bl • OCt is contr:ol limit tor: nlues les• than 5 times the OCt 

2 RPD-• [IS • Df/( (S + Dl/2)) x 100 . . 
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Q.C. l.eport No. ---­
INSTRUMENT DETECTION LIMITS AND 

LABORATO&Y CONTI.OL SAMPLE 

LAB NAME ---------­

DAT! -----------

CAS£ NO. 

LCS UNITS _.......;;u;ai:..;IL:...._--=g::;z.:.,;/k;;.sgi1--­

(Circ:le Oue) 

- lequired DetectiOD Instrument Detection -
Co•pOW1d Limit• (CIDL)-u!/1 L1llita (IDL>-us:Jl Lab Control samele 

ICP/AA Furnace True Pound %lt 

Metala: 
1. Aluminulll 200 

2. ADti11l011Y 60 

3. Araenic 10 

4. Jariwa 200 

5. lerylliwa 5 

6. Cadmiwa 5 

7. Calciwa 5000 
a. Chr011liwa 10 

9. Cobalt 50 
10. Copper 2.5 

11. IrOD 100 

12. Lead 5 
13. Kapesiwa 5000 
14. Manganese 1.5 

1.5. Kercun 0.2 

16. !U.ckal o\0 

17. Pocaasiwa 5000 

18. Seleniwa 5 

19. Silver 10 

20. Sodiwa 5000 

21. Thallium 10 

22. Tin .. 40 

23. Vanadiwa - 50 

24. Zinc 20 

Ocher: 
I 
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Instrument Detection Umits 
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Furnace AA Number ______ _ 

Element 

1. Aluminum 

2. Antimony 

3. Anenic 

4. Barium 

I. BetyUfum 

e. Cadmium 

7. Calcium 

~hromium 

, •• eo.,ait 

10. Copper 

11. Iron 

12. LMd 

Footnot..: 

Wavelength CRDL IDL Element Wavelength CRDL 
(nm) (pg/1.) (pg/1.) (nmt ' 

(~o~g/1.) 

• 
• 
• 
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60 14. Mangan ... 11 
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200 18. Nickel 40 

I 17. Potuaium SQOQ 

5 18. Selenium I 

sooo 11.Shw 10 

10 20. Sodium soao 

10 21. Thallium 10 

21 22. T1n 40 

100 23. Vanadium so 
I 24.. Zinc 20 

Indicate the lftscnament for which the IDL appU.. with a P (for ICP /Flame AAJ or a 
P (fw furnace AAJ behind theiDL value. 
Indicate etemenu commomy run wittt background eotrectlon (AA) with a B behind the 
Malydc:al Wftelengtll. 

If mon tllaft one ICP /Flame or Fumace AA Ia uaed. IUbmit -.,arne Forma IX· XI for 
..a. IMtrument. • 
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(&lg/l) 
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-

Commen~ ----------------------------------------------------------------------
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ICP lnterelement Correction Factors 

Laboratory----------­

Dat•-------------------

JCP Model Number ______ _ 

lnteroJemont Correction Factors 
for 

• Analyte 
AI c~ Fe Mg ' AnaJyte w~velength 

i 
(nmt , 

Antimony 

Arsenic 

Barium· 

Bert Ilium 

C•dmium 

Chromium 

~~~ ~t 

-
C· Jr -
t..ad 

Manganese 

Mercury 

Nidcel 

PotaS$ium . 
. . 

Selenium 

Silver 

Sodium 
• 

ThaUium 

Tin 

V.:nadium 

Zin •• i -
• .. 

"' 
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Form XI (Quarterly) 
ICP Unear Ranges 

Ubofatory Nam•---------------
ICP Model Number _________ _ 

D~•----------------------
Upper ICP Unearity Umits 

AMiyte lntetration Concentration Anaiyte lntetratio~ Concentration 
Time (S.condat (llg/U Ttme (Secondst (S.lg /l.) 

1. Aluminum 13. Magnesium 

· 2. Antimony 14. Mangan••• 

3. Ananic 11. Mercury 

4. Barium 1t. Nickel 

1. S.ryllium . 17. Potaaium . 
t. Cadmium 11. S .. enium 

" . 
• C.tcium . 11. Silver -
J. Chromium 20. Sodium 

' I. Cobalt 21. Thallium 

10. Copp« 22. Tin 

11. Iron . 23. Vanadium 

12. Lead 24. Zinc 

e Indicate elemenu not analysed by ICP with the notation NA • 
• 

Commenu: ___________________________________________________________________ __ 

.. 
Lab Man81t!«-------...-----
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I. INTRODUCTION 

The technique of flameless atomic absorption using the Heated 
Graphite Atomizer (HGA) provides the means to determine metals 
in quantities as low as lo-l2g. 

When using the furnace technique in conjunctiort with an 
atomic absorption spectrophotometer, a representative aliquot 
of a sample is placed in the graphite tube in the furnace, 
evaporated to dryness, charred, and atomized. As a greater 
percentage of available analyte atoms are vaporized and 
dissociated for absorption in the tube than the flame, the use 
of small sample volumes or detection of low concentrations of 
elements is possible. 

The principle is essentially the same as with direct 
aspiration atomic absorption except a furnace, rather than a 
flame, is used to atomize the sample. Radiation from a given 
excited element is passed through the vapor containing ground 
state atoms of that element. A light beam from a hollow cathode 
lamp whose cathode is made of the element to be determined is 
directed through the center of the graphite tube into a monochro­
mator, and onto a detector that measures the amount of light 
absorbed. Absorption depends upon the presence of free unexcited 
ground state atoms. Since the wavelength of the light beam is 
characteristic of only the metal being determined, the light 
energy absorbed by ground state atoms is a measure of the 
concentration of that metal in the sample. This principle is 
the basis of atomic absorption spectroscopy. 

The procedures specified in this method are based on the 
following documents: 

• u.s. EPA Contract Laboratory Program, Inorganic Analysis: 
Multi Media, Multi Concentration, sow No. 784 July 
1984. Sample Management Office, Alexandria, VA. 

• Method for Chemical Analysis of Water and Wastes. 
1983. u.s. EPA 600/4-79-020. Environmental Monitoring 
and Support Laboratory, Cincinnati, OH. 

The quality control measures in the Quality Assurance/Quality 
Control for Trace Metal Analysis of Water, Wastewater, Sediments, 
Sludges and Soils by ICPAES and Furnace AA (Section 5) will , 
be followed. 
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II. SAMPLE HANDLING, PRESERVATION AND PREPARATION 

For the determination of trace metals, contamination and 
loss are of prime concern. Dust in the laboratory environment, 
impurities in reagents and impurities on laboratory apparatus 
which the sample contacts are all sources of potential 
contamination. For liquid samples, containers can introduce 
either positive or negative errors in the measurement of trace 
metals by (a) contributing contaminants through leaching or 
surface desorption and (b) by depleting concentrations through 
adsorption. Thus the collection and treatment of the sample 
prior to analysis requires particular attention. The sample 
bottle whether borosilicate glass, polyethylene, polypropylene 
or Teflon should be thoroughly washed with detergent and tap 
water1 rinsed with 1:1 nitric acid, tap water, 1:1 hydrochloric 
acid, tap water and finnally deionized distilled water in that 
order, (Note 1 and Note 2). 

Before collection of the sample, a decision must be made 
as to the type of data desired i.e., dissolved, suspended, 
total or total recoverable. For container preference, maximum 
holding time and sample preservation at time of collection 
refer to EPA-600/4-79-020 manual. Drinking water samples 
containing suspended and setteable material should be prepared 
using the total recoverable metal procedure, as described later 
in this chapter. 

A. WATER AND WASTEWATER 

1. Dissolved Metals 

For the determination of dissolved constituents, the 
sample must be filtered through a 0.45 u membrane filter as soon 
as practical after collection. (Glass or plastic filtering 
apparatus using plain, non-grid marked, membrane filters are 
recommended to avoid possible contamination.) Use the first 
50-100 ml to rinse the filter flask. Discard this portion and 
collect the required volume of filtrate. Acidify the filtrate 
with 1:1 redistilled HN03 to a pH of <2. Normally, 3 ml of 
(1:1) acid per liter should be sufficient to preserve the sample 
(see Note 3). If hexavalent chromium is to be included in the 
analytical scheme, a portion of the filtrate should be trans­
ferred before acidification to a separate container and analyzed 
as soon as possible using Method 218.4 or 218.5 in EPA-600/4-79-020 
manual. Analyses performed on a sample so treated shall be 
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reported as "dissolved" concentrations. For As and Se analysis, 
the filtrate should be digested with H202 and HN03 according to 
the procedure under Total Recoverable Metals (D). 

2.· Suspended Metals 

For the determination of suspended metals, a representative 
volume of unpreserved sample must be filtered through a 0.45 u 
membrane filter. When considerable suspended materi·al is 
pres·ent, as little as 100 ml of a well mixed sample is f i 1 tered. 
Record the volume filtered and transfer the membrane filter 
containing the insoluble material to a 250 ml Griffin beaker 
and add 3 ml cone. redistilled HN03. Cover the beaker with a 
watch glass and heat gently. The warm acid will soon dissolve 
the membrane. Increase the temperature of the hot plate and 
digest the material. When the acid has nearly evaporated, cool 
the beaker and watch glass and add another 3 m1 of cone. redis­
tilled HN03 •. Cover and continue heating until the digestion is 
complete, generally indicated by a light colored digestate. 
Evaporate to near dryness (DO NOT BAKE), add 5 ml distilled 
HNOJ (1:1) and warm the beaker gently to dissolve any soluble 
material. Wash down the watch glass and beaker walls with 
deionized distilled water and filter the sample to remove 
silicates and other insoluble material. Adjust the volume to 
some predetermined value based· on the expected concentrations 
of metals present. This volume will vary depending on the 
metal to be determined. The sample is now ready for analysis. 
Concentrations so determined shall be reported as "suspended" 
(see Note 4). For As and Se analysis, the filtrate should be 
digested with H202 and HN03 according to the procedure under Total 
Recoverable Metals (3). 

3~ Total Metals 

For the determination of total metals the sample is acidi­
fied with 1:1 redistilled HN03 to a pH of less than 2 at the 
time of collection. The sample is not filtered before processing. 
Choose a volume of sample appropriate for the expected level of 
metals. If much suspended material is present, as little as 
50-100 ml of well mixed sample will most probably be sufficient. 

Transfer a representative aliquot of the well mixed sample 
to a Griffin beaker and add 3 ml of cone. redistilled HN03. 
Place the beaker on a hot plate and evaporate to near dryness 
cautiously, making certain that the sample does not boil. (DO 
NOT BAKE). Cover the beaker with a watch glass and return to 
the hot plate. Increase the temperature of the hot plate so 
that a gentle reflux action occurs. Continue heating, adding 
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additional acid as necessary, until the digestion is complete 
(generally indicated when the digestate is light in color or 
does not change in appearance with continued refluxing). 
Again, evaporate to near dryness and cool the beaker. Add a 
smqll. quantity of redistilled 1:1 HN03 (to obtain 0.5%.v/v HN03 
in the final dilution) and warm the beaker to dissolve any pre­
cipitate or residue resulting from evaporation. Wash down the 
beaker walls and watch glass with distilled water and filter 
the sample to remove silicates and other insoluble material. 
Adjust the volume to some predetermined value based on the 
expected metal concentrations. The sample is now r&ady for 
analysis. Concentrations so determined shall be reported as 
•total" (see Note 4). For As and Se analysis, the filtrate 
should be digested with H202 and HN03 according to the procedure 
under Total Recoverable Metals (D). 

4. Total Recoverable Metals 

To determine total recoverable metals, acidify the entire 
sample at the time of collection with cone. redistilled HN03, 
5 ml/1. At the time of analysis, a 100 ml aliquot of well mixed 
sample is transferred to a beaker or flask. Add 2 ml of 30% 
H202. The sample is heated on a steam bath or hot plate until the 
volume has been reduced to 15-20 ml making certain the samples 
do not boil. After this treatment, the sample is filtered 
(use #40 Whatman.filter paper) to remove silicates and other 
insoluble material and the volume adjusted to 100 ml. The 
sample is then ready for analysis. Concentrations so determined 
shall be reported as •total" (see Note 4). 

Note l: 

Chromic acid may be useful to remove organic deposits from 
glassware however, the analyst should be cautioned that the 
glassware must be thoroughly rinsed with water to remove the 
last traces of chromium. This is especially important if 
chromium is to be included in the analytical scheme. A commercial 
product -- NOCHROMIX -- available from Godax Laboratories, 6 
Varick St., New York, NY 10013, may be used in place of chromic 
acid. [Chromic acid should not be used with plastic bottles.] 

Note 2: 

If it can be documented through an active analytical 
quality control program using spiked sampl~s, reagent and sample 
blanks, that certain steps in-the cleaning procedure are not 
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required for routine samples, those steps may be eliminated 
from the procedure. 

Note 3: 

If a precipitate is formed upon acidification, the filtrate 
should be digested for determination of total metals. Also, it 
has been suggested (International Biological Program, Symposium 
on Analytical Methods, Amsterdam, Oct. 1966) that additional 
acid, as much as 25 ml of cone. HCl/liter, may be required to 
stabilize certain types of highly buffered samples if they .are 
to be stored for any length of time. Therefore, special 
precautions should be observed for preservation and storage of 
unusual samples intended for metal analysis. 

Note 4: 

If Sb and Sn are to be determined, use digestates prepared 
for ICP analysis. (Analysis of Trace Metals in Water and Was.te 
Water by ICP-AES, MMES SOP Section 3.) 

B. SEDIMENTS, SLUDGES AND SOILS 

See Appendix A 
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III. INTERFERENCES 

Although the problem o~ oxide formation is greatly reduced 
with furnace procedures because atomization occurs in an inert 
atmosphere, the technique is still subject to chemical and 
matrix interferences. The composition of the sample matrix can 
have a major effect on the analysis. It is those e;fects which 
must be determined and taken into consideration in the analysis 
of each different matrix encountered. 

To help verify the absence of matrix or chemical interfer­
ence, use the following procedure. Withdraw from the sample 
two equal aliquots and dilute with a H20 to the same predeter­
mined volume. [The dilution volume should be based on the 
analysis of the undiluted sample. Preferably, the dilution 
should be 1:4 while keeping in mind the optimum concentration 
range of the analysis. Under no circumstances should the 
dilution be less than 1:1.] The diluted and unspiked aliquots 
should then be analyzed. The unspiked results, when multiplied 
by the dilution factor, should be compared to the original 
determination. Agreement of the results (within +10%) indicates 
the absence of interference. Comparison of the actual signal 
from the spike to the expected response from the analyte in an 
aqueous standard should help confirm the finding from the 
dilution analysis. Those samples which indicate the presence 
of interference, should be treated in one or more of the 
following ways. 

a. The samples should be successively diluted and reanalyzed 
to determine if the interference can be eliminated. 

b. The matrix of the sample should be modified in the 
furnace. Examples are the addition of ammonium nitrate 
to remove alkali chlorides, ammonium phosphate to 
retain cadmium, and nickel nitrate for arsenic and 
selenium analyses [ATOMIC ABSORPTION NEWSLETER Vol. 
14, No. 5, p 127, Sept-Oct 1975.] The mixing of 
hydrogen with the inert purge gas has also been used 
to suppress chemical interference. The hydrogen acts 
as a reducing agent and aids in molecular dissociation. 

c.· Analyze the sample by method of standard additions 
while noting the precautions and limitations of its 
use (see section on Method of Standard Addition, 
Chapter V) • 
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Additional Interferences 

1. Gases generated in the furnace during atomization may 
have molecular absorption bands encompassing the 
analytical wavelength. When this occurs, either the 
use of background correction or choosing an alternate 
wavelength outside the absorption band should eliminate 
this interference. Non-specific broad band absorption 
interference can also be compensated for with back-
ground correction. : 

2. Interference from a smoke-producing sample matrix can 
sometimes be reduced by extending the charring time at 
a higher temperature or utilizing an ashing cycle in 
the presence of air. Care must be taken, however, to 
prevent loss of the analysis element. 

3. Samples containing large amounts of organic materials 
should be oxidized by conventional acid digestion prior 
to being placed in the furnace. In this way, broad 
band absorption will be minimized. 

From anion interference studies in the graphite furnace, 
it is generally accepted that nitrate is the preferred 
anion. Therefore nitric acid is preferable for any 
digestion or solubilization step. If another acid in 
addition to HN0 3 is required, a minimum amount 
should be used. This applies particularly to hydro­
chloric and to a lesser extent to sulfuric and phosphoric 
acids. 

4. Carbide formation resulting from the chemical environ­
ment of the furnace has been observed with certain 
elements that form carbides at high temperatures. 
Molybdenum may be cited as an example. When this 
takes place, the metal will be released very slowly 
from the carbide as atomization con~inues. For molybdenum, 
one may be required to atomize for 30 seconds or more 
before the signal returns to baseline levels. This 
problem is greatly reduced and the sensitivity increased 
with the use of pyrolytically-coated graphite. 

s. Ionization interferences have not been reported to date 
with furnace techniques. 

6. Although quite, rare, spectral interference can occur 
when an absorbing wavelength of an element present in 
the sample but not being dete~i~ed falls within the 
width of the absorption line of the element of interest. 
The results of the determination will then be erroneously 
high, due to the contribution of the interfering element 
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to the atomic absorption signal. Also, interference 
can occur when resonant energy from another element 
in a multi-elment lamp or a metal impurity in the lamp 
cathode falls within the bandpass of the slit setting 
and that metal is present in the sample. This type 
of interference may sometimes be reduced by narrowing 
the slit width. 

7. Contamination of the sample can be a major source of 
error because of the extreme sensitivities:achieved 
with the furnace. The sample preparation work area 
should be kept scrupulously clean. All glassware 
should be cleaned as directed in the following section. 
Pipet tips have been known to be a source of contamination. 
If suspected, they should be acid soaked with 1:5 
HN03 and rinsed thoroughly with tap and deionized water. 
The use of a better grade pipet tip can greatly reduce 
this problem. It is very important that special 
attention be given to reagent blanks in both analysis 
and the correction of analytical results. Lastly, 
pyrolytic graphite because of the production process 
and handling can become contaminated. As many as 
five to possibly ten high temperature burns may be 
required to clean the tube before use. 
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IV. REAGENTS, STANDARDS, AND QC STANDARDS 

Deionized Distilled Water 

Prepare by passing distilled water through a mixed bed of 
cation and anion exchange resins. Use deionized di.tilled 
water for the preparation of aLl reagents, calibrat~on standards, 
and as dilution water. 

Acids 

Acids used in the preparation of standards and for sample 
preparation must be ultra high purity grade or equivalent. 

o Nitric Acid, cone.: (sp. gr. 1.41). 

• Nitric Acid (1:1): Prepare a 1:1 dilution with deionized, 
distilled water by adding the cone. acid to an equal 
volume of water. 

o Hydrochloric acid (1:1): Prepare a 1:1 solution reagent 
grade hydrochloric acid and deionized distilled water. 

Source of Standards 

QA/QC - EPA 

Stock - Scientific/chemical warehouses, approved/certified 
standards. 

Standard Stock Solution 

Stock standard solutions are prepared from high purity 
metals, oxides or nonhygroscopic reagent grade salts using 
deionized distilled water and redistilled nitric or hydrochloric 
acids. (See individual analysis sheets for specific instruction.) 
Sulfuric or phosphoric acids should be avoided as they produce 
an adverse effect on many elements. The stock solutions are 
prepared at concentrations of 1000 mg of the metal per liter. 
Commercially available standard solutions may also be used. 
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Prepare a blank and at least three calibration standards 
in graduated amounts in the appropriate range. Calibration 
$tandards for furnace procedures should be prepared as described 
on the individual sheets for that metal. 

Bl"anks 

Two types of blanks are required for the analysis • 
.. 

1. The Calibration Blank 

The calibration blank is used in establishing the 
analytical curve. It should be prepared as described 
in the individual method sheets for the metal. 

2. The Reagent Blank 

The reagent blank is used to correct for possible 
contamination resulting from varying amounts of the 
acids used in the sample processing. It must contain 
all the reagents in the same volumes as used in the 
processing of the samples. The reagent blank must be 
carried through the complete procedure. 

Instrument .Check Standard 

The instrument check standard for continuing calibration 
verification is prepared by the analyst at a concentration 
equivalent to the m-id-point of their respective calibra.tion 
curves. 

Quality Control Sample 

The quality control sample for the initial calibration 
verification should be prepared in the same acid matrix as the 
calibration standard. This is obtained from EPA if available 
(Tel (513)684-7325). If a certified solution is not available 
from E.PA or any source, analysis shall be conducted on an 
independent standard at a concentration other than that used 
for calibration, but within the calibration range. 
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Spikes 

All furnace analyses for each sample will require at least 
a single analytical spike to determine if Method of Standard 
Addition will be required for quantitation. Refer to page 10 
of Quality Assurance/Quality Control for Trace Metal Analysis 
of Water and Wastewater by ICP-AES and Furnace AA. 

IV-3 



Manin Marietta Environmental Systems 

V. METHOD OF STANDARD ADDITIONS 

For additional procedures, refer to Section 5 of this 
manual (Quality Assurance/Quality Control for Trace Metal 
Analysis of Water, Wastewater, Sediments, Sludges and Soils 
by ICP-AES and Furnace AA). 

Where the sample matrix is so complex that viscosity, 
surface tension and components cannot be accurately matched 
with standards, the method of standard addition must be used. 
This technique relies on the addition of small, known amounts 
of the analysis element to portions of the sample -- the 
absorbance difference between those and the original solution 
given the slope of the calibration curve. The method of standard 
addition is described in greater detail in the following 
paragraph. 

In this method, equal volumes of sample are added to a 
deionized distilled water blank and to three standards containing 
different known amounts of the test element. The volume of the 
blank and the standards must be the same. The absorbance of 
each solution is determined and then plotted on the vertical/axis 
of a graph, with the concentrations of the known standards 
plotted on the axis. When the resulting line is extrapolated 
back to zero absorbance, the point of interception of the 
abscissa is the concentration of the unknown. The abscissa on 
the left of the ordinate is scaled the same as on the right 
side, but in the opposite direction from the ordinate. An 
example of a plot so obtained is shown in Figure 1. 

The method of standard additions can be very useful, 
however, for the results to be valid the following limitations 
must be taken into consideration: 

a. The absorbance plot of sample and standards must be 
linear over the concentration range of concern. For 
best results the slope of the plot should be nearly 
the same as the slope of the aqueous standard curve. 
If the slope is significantly different (more than 
20%) caution should be exercised. 

b. The effect of the interference should not vary as the 
ratio of analyte concentration to sample matrix changes 
and the standard addition should respond in a similar 
manner as the analyte. 
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VI. EQUIPMENT 

The equipment used for trace metals analysis by furnace 
atomic absorption technique is listed below: 

A. Perkin Elmer Model 5000 AA spectrometer 

~ Microprocessor - controlled atomic absorption 
spectrophotometer 

• Double-beam instrument 

• Monochromator grating 

o Photomultiplier detector 

• Adjustable slits 

~ Wavelength range of 190-800 nm 

o Direct concentration read-out 

o Peak height/peak area measurements. 

B. Perkin Elmer HGA 500 Graphite Furnace 

o Furnace Assembly 

o Temperature Control Assembly 

• Argon gas supply 

• HGA 500 programmer 

c. AS-40 Auto-sampler 

D. Data Station 3600 

E. H.GA Graphics Software 

F. PR-100 Printer 

G. Hollow Cathode Lamps (HCl) 

H. Electrodeless Discharge Lamps (EDL) 

I. RF Generator for EDL lamps 

J. Pyrolytically Coated Tubes 
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K. L'vov Platform - provides a uniform thermal environment, 
thus significantly reduce interferences. 

L. Pipets: Microliter with disposal tips. Sizes can range 
from 5 to 100 microfilters as required. NOTE 7: Pipet 
tips which are white in color, do not contain CdS, and 
have been found suitable for research work are available 
from Ulster Scientific, Inc. 53 Main St., Highland, NY 
12528 (914)691-7500. 

M. Glassware: All glassware, linear polyethyiene, poly­
prQplyene or Teflon containers including sample bottles, 
should be washed with detergent, rinsed with tap water, 
1:1 nitric acid, tap water, 1:1 hydrochloric acid, tap 
water and deionized distilled water in that order. 
[See Notes l and 2 under Sample Handling and Preserva­
tion concerning the use of chromic acid and the clean­
ing procedure.] 

N. Micropipets with disposable tips: Pipet tips which 
are white in color do not contain CdS, and have been 
found suitable for research work. They are available 
from Ulster Scientific, Inc., 53 Main St., Highland, 
NY 12528 (914)691-7500. Blue colored pipet tips are 
reported to contain traces of cadmium. It is recommended 
to soak colored pipet tips in 20% HN0 3 and thoroughly 
rinse with DI water before using. 
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VII. SYSTEM OPERATION 

Operating Instructions .for the Perkin-Elmer AA 5000/HGA 500 
Graphite Furnace Instrument 

The temperature settings and other instrument conditions 
are listed on the individual analysis sheet. For m~re information 
about system set-up, refer to section 4 of Perkin Elmer HGA-500 
Operators Manual. 

A. P~ELIMINARY SET-OP 

l. Turn on Argon gas supply and set inlet pressure at 
approximately 45 psi. 

2. Turn on the water coolant supply. 

3. Install the required EDL (warm up time is 30 min) or a 
hollow cathode lamp. 

4. AA 5000 

• Switch the power on 

~ Switch from STANBY to RON position 

• Switch control to AA mode (found in lamp compartment) 

• Depress CONT, 0.2 TIME, LAMP number/for lamp location 
in turret 

• Select low slits 

• Enter lamp current when using hollow cathode lamp 

• Set the wavelength 

B. ALIGNMENT 

l. Press SET UP on AA 5000 keyboard 

2. Adjust two knobs on lamp mount until display reads 
a maximum of betwen 49-99. If the reading reaches 99 
then depress GAIN button to adjust midrange. Continue 
adjust.-nent to reach maximum. 
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3. Focus lamp by moving in and out to obtain highest 
reading. 

4. Remove windows from furnace. Clean with kimwipe soaked 
in alcohol. Dry. 

5. Open furnace by moving the switch FURNACE OPEN to the 
right. Place the pyrolytically coated tube. Close 
furnace. 

6. Swing furnace assembly out of the optical ~ath and 
depress AZ. 

7. Swing furnace back to i~s normal position. 

a. If the display shows absorbance readings, it means 
furnace is not aligned. Adjust the vertical adjust 
control, horizontal (front-back) adjust centro and 
lever to align furnace. Normally 0.000 absorbance 
reading is obtained. 

9. Depress AZ 

10. Put windows back in. Normally a 0.085 to .100 
absorbance reading is obtained due to the windows. 

11. Enter 1, depress STO to store program. 

C. AS-40 Programmer 

1. Power on - by default it goes to standby mode. 

2. Wait for 4 cycles of flushing to finish -- be sure that 
the flushing liquid reservoir is £illed with DI water. 
To do more flushing, simply turn off and back on again 
the power. 

3. Align the sampling capilliary tip (refer to see 2.3 of 
AS-40 Operators Manual) 

4. Enter parameters: 

• Sample volume (default is 20 ~1) 

• Alternate volume - used for matrix modifier 

• Method i (default is 1) 

• Last Sample (default is 35) 

, INSTRUMENT PROG (number used to store program in 
AA 5000) 
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• HGA PROGRAM (number to be used to store program in 
HGA 500) 

• Reslope or recalibrate.by using RECAL A, RECAL a, 
RECAL c. Find switch on the back of programmer to 
select reslope or recalibrate. Enter sample # 
desired for location of Reslope/Recalibrate to take 
place. 

D. HGA-500 PROGRAMMER 

1. Power on (before doing this, make sure that the 
AS-40 programmer is on STAND-BY mode). 

2. Depress STANDBY to turn programmer into the programming 
mode. 

3. ENTER PARAMETERS (refer to parameters listed on individual 
element analysis sheet). 

4. 0 Read means the instrument will start reading as soon as 
atomization step starts. -1 Read means the instrument 
will start reading 1 sec before atomization step. -3 
BASELINE means it will read the baseline 3 seconds 
before atomization step and ends before the time READ 
starts. 

5. Enter number, depress STO to store. 

6. Condition brand new tube by heating up the furnace 
gradually to 2650°C. A ramp time between 60 and 
100 seconds from room temperature is recommended. 
Then reheat for a few seconds at 2650°C. 

7. For used graphite tube, depress MANUAL to burn it 
out, for 5 seconds. 

8. Press MANUAL to check the background. Observe the 
reading on AA 5000 display, while depressing MANUAL. 
Any absorbance reading indicates contamination on 
the tubes (when doing this the AA-BG should not be on). 

9. Calibrate Furnace Temperature: 

• Enter atomization temperature 

• Press manual on HGA programmer. While pressing 
MANUAL, adjust CAL variable control (to calibrate 
the optical sensor) on front of furnace until 
red and green lights come on simultaneously. 

VII-3 



Martin Marietta Environmental Systems 

• Enter atomization temperature again and recheck 
calibration. Allow few seconds for furnace to 
heat up. 

E. AA 5000 INSTRUMENT SET-UP FOR INVESTIGATION UTILIZING 
HGA GRAPHICS 

1. 
2. 
3. 
4. 
5. 
6. 

Depress AA-BG 
Depress AZ 
Depress HOLD, then PRINT 
Depress PEAK AREA 

,, 

Enter t· in second ( 4 sec. is usually used). 
Enter 1, then press STO to store. 

F. HGA GRAPHICS, FOR INVESTIGATION (SEE NOTE 1). For more 
information about the HGA graphics software, refer to the 
P-E HGA Graphics Instruction Manual). 

1. Turn on Data Station. 
2. Enter time and date. 
3. Place HGA graphics disk in drive 0. 
4. Type in DATA, depress RETURN. 
5. Enter parameters (use HGA graphics overlay). 

• Depress NEW DISC when desired to erase the previous 
data. 

• ~epress OLD DISC when desired to retain the previous 
content. This will not store the new parameters 
entered. 

6. Depress COLLECT DATA, RETURN. 

Note 1 - Four programs are available on the HGA g~aphics 
software, namely: 

a. DATA This program receives the raw data, does the 
baseline correction, stores it on disk, and 
plots it on the screen of the CRT. 

b. PLOT This program takes fron one to three sets of 
data stored on disk and plots them on the CRT 
screen. Scaling is under operator control 
and can be readily changed. 

c. GRAPH This program plots any numer of data sets 
from one or more disks on the graphics plotter. 
A wide variety of different formats is 
possible. 
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d. CALC This program calculates peak height and peak 
area from data stored on disk and prints them 

·on a printer or letters them on an optional 
graphics plotter. 

G~ METHOD DEVELOPMENT RUN WITH HGA GRAPHIC~: 

• Place blank, standards, samples and spiked samples on 
tray (Method il tray). 

• Depress RESET On AS-40 programmer to positi?n sampling 
tip on AZ (blank} position. 

~ Push START/STOP button on AS-40 - this will withdraw 
solution from AZ position. 

o To stop the cycle, push START/STOP before the cycle is 
complete. 

• If not stopped before the end of cycle, it will 
automatically run the solution on 51 position (if tSTD 
on AS-400 programmer is lit) or will go to sample tl 
position and so on. 

• To use the MANUAL mode, depress the no., then MANUAL. 
Number 41 is position 51 on tray. Number 1 is position 
1 on tray. 

o After the cycle, the plot is displayed on the CRT screen. 

• Push any key to get out of COLLECTION DATA mode. 

B. FINAL AA 5000 INSTRUMENT SET-UP 

1. Depress BOLD (at this point sample label no. 1 may be 
entered before depressing PRINT}. 

2. Depress PRINT. 

3. Depress CONC. 

4. Enter 2, depress AVG (for 2 replicates). 

5. Enter concentration of calibration standard(s) and 
depress 51 for std. no. 1 (lowest concentration). 

6. The following should still be on: SLIT L, AA-BG and 
wavelength. 

7. Enter time in seconds, depress t. (Refer to individual 
analysis sheet for this parameter.) 
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8. Enter 1, depress STO to store. 

I. PRINT SOFTWARE (this will print results on printer). 

1. Place "Print" disk in drive 0. 
2. Enter time and date. 
3. Type •PRINT" and depress RETURN. 
4. Turn on printer-100. 
s. Follow prompts on screen. 

J. ANALYSIS RUN 

1. Place blank, standard(s) and samples on Tray #1 for 
Method 1. Refer to AS-40 Autosampler Operators Manual, 
Section 1.4 for detailed description of the 3 different 
analytical methods. Methods 2 and 3 are utilized for 
method of additions techniques. 

2 Push RESET button AS-40 programmer. 

3. Push START/STOP button. 
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VIII. FURNACE OPERATING PARAMETERS FOR INDIVIDUAL 
METAL ANALYSIS 

A. ARSENIC 

(Atomic Absorption, furnace technique) , 

Optimum Concentration range: 
Approximate Detection limit: 

5-100 l.lg/1 
1 l.lg/1 

Preparation of Standard Solution: 

1. Stock solution: Dissolve 1.320 g of Arsenic trioxide, As203 
(analytical reagent grade) in 100 ml of deionized 
distilled water containing 4gNaOH. Acidify the solution 
with 20 ml cone. HN0 3 and dilute to 1 liter. 1 ml = 1 
mg As (1000 mg/l) 

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS 
reagent grade (Ni(N03>2 .6a 2o in deionized distilled 
water and make up to 100 ml. 

3. Nickel Nitrate Solution, 0.4%: Dilute 8 ml of the 5% 
nickel nitrate to 100 ml with deionized distilled water. 

4. Working Arsenic Solution: Prepared dilutions of the 
stock solution to be used as calibration standards at 
the time of analysis. The calibration standards must 
be prepared using the same type of acid and at the 
same concentration as will result in the sample to be 
analyzed after sample preparation. 
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Element: Arsenic 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 
193.7 nm. 
0.7L 
EDL 
aw 

Background Correction?: yes 

B. Read-out parameter 

Peak area; time: 4 sec 
Peak height; time: 

c. HGA Parameters 

Purge gas: argon 
Graphite tube: 
Sample aliquet: 

pyrocoated/L'vov platform 
20 

Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

o.o5 ~g/ml, 0.02 ~g/ml, 0.01 
~g/ml, Blank 
NiN03 (0.4%) 
5 ul 
automated 
2 

o. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C 200 500 1500 2500 2650 
Ramp(s) 1 10 10 1 1 
Hold(s) 30 23 28 4 5 
Read -1 
Baseline -4 
Internal flow 0 
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B. CADMIUM 

(Atomic Absorption, furnace technique) 

Op_timum Concentration range: 
Approximate Detection Limit: 

0.5-10 J.lg/ml 
0.1 J.lg/1 

Preparation of Standard Solution: 

1. Stock Solution: Carefully weigh 2.282 g of Cadmium 
Sulfate (3 Cd so4 .aa2o, analytical reagent grade) and 
dissolve in deionized distilled water. Make up to l 
liter with deionized distilled water. l ml = 1 mg Cd 
(1000 mg/1). 

2. Ammomium Phosphate solution (4%). Dissolve 4 grams of 
Ammonium phosphate (NH4)2HP04 (analytical reagent 
grade) in deionized distilled water and dilute to 100 
ml. 

3. Prepare dilutions of stock cadmium solution to be used 
as calibrated standards at the time of analysis. The 
calibration standards must be prepared using the same 
type of acid and at the same concentration as will 
result in the sample to be analyzed after sample 
preparation. 
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Element: Cadmium 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
228.8 nm. 
0.7L 
EDL 
5 w 

Background Correction?: yes 

B. Read-out parameter 

Peak area: time: 
Peak height: time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

4 sec 

argon 
pyrocoated with L'vov platform 
20 ~l 
O.Gl ug/m1, 0.005 ug/ml, 
0.002 ug/ml, Blank 
(NH4)2 HP04 (4%)/MgN03(0.4%) 
5 ul 
automated 
2 

D. Keyboard entries for temp/time programing 

Step l 2 3 4 5 

Temp°C 210 500 900 2000 2650 
Ramp(s) 1 15 10 0 1 
Hold(s) 40 15 40 4 5 
Read -1 
Baseline -4 
Internal flow 10 
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C. LEAD 

(Atmoic Absorption, furnace technique) 

Optimum Concentration Range: 
Approximate Detection Limit: 

5-10 llg/1 
1 llg/1 

Preparation of Standard Solution: 

1. Stock solution: Carefully weigh 1.599 g ot lead nitrate, 
Pb(N03) 2 (analytical reagent grade) and dissolve 
deionized distilled water. When solution is completely 
acidify with 10 ml redistilled HN03 and dilute to l 
liter with deionized distilled water. 1 ml = l mg Pb 
(1000 mg/1) 

2. Ammonium Phosphate solution (4%). Dissolve 4 grams of 
ammonium phosphate, (NH 4 ) HP0 4 (analytical reagent 
grade) in deionized"distilled water and dilute to 100 ml. 

3. Working Lead solution: Prepared dilutions of stock 
lead solution to be used as calibration standards at 
the time of analyses. The calibration standards must 
be prepared using the same type of acid and at the 
same concentration as will result in the sample to be 
analyzed after samples preparation. · 
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Element: Lead 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
283.3 
0.7L 
EDL 

Background Correction?: yes 

B. Read-out parameter 

Peak area; time: 
Peak height: time: 

C. HGA Parameters. 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

3 sec 

argon 
pyrocoated with L'vov platform 
20 JJl 
0.05 ug/ml, 0.02 ug/ml, 
0.010 ug/ml, Blank 
Ammo.nium Phosphate ( 4%) 
5 ul 
automated 
2 

o. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C 200 850 2100 2650 20 
Ramp(s) 1 10 0 1 l 
Hold(s) 30 60 4 4 5 
Read 0 
Baseline -3 
Internal flow 0 
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D. NICKEL 

(Atomic Absorption, furnace technique) 

Optimum Concentration Range: 
Approximate Detection Limit: 

Preparation of Standard: 

5-100 ug/1 
1 ug/1 

1. Stock solution: Carefully weigh 1.000 g of nickel 
metal in 10 ml hot cone. HN0 3 , cool and dilute to 1000 
ml with deionized, distilled water. 

2. Magnesium nitrate (0.5%): Dissolve 0.5 grams of MgNo 3 
in 1 ml HN03 and distilled water. Dilute to 100 ml. 

3. The calibration standards must be prepared using the 
same type of acid and at the same concentrations as 
will result in the sample to be a·nalyzed after sample 
preparation. 
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Element: Ni 
Instrumental/HGA Parameters 

Instrumental Model: 
Wavelength: 

Perkin Elmer AA 5000 with HGA 500 
232.0 

Spectral band width: 0.2L 
Light source: HCl 
Current/watts: 

'' 

Background Correction?: yes 

B. Read-out parameter 

Peak area~ time: 
Peak height1 time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: · 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

5 sec 

argon 
pyrocoated/L'vov platform 
10 ul 
0.05 ug/ml, 0.02 ug/ml, 
0.010 ug/1, Blank 
MgN03 (0.5%) 
10 ul 
automated 
2 

0. Keyboard entries for temp/time programing 

Step 1 2 3 4 

Temp°C 210 500 1400 2400 
Ramp(s) 1 15 10 0 
Hold(s) 40 15 23 4 
Read -1 
Baseline -3 
Internal flow 0 
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E. SELENIUM 

(Atomic Absorption, furnace technique) 

Optimum Concentration Range: 
Approximate Detection Limit: 

5-;1.00 ug/l 
2 ug/1 

Preparation of Standard Solution: 

1. Stock Selenium solution: Dissolve 0.3453 g of selenous acid 
(actual assay 94.6% a2seo 3 ) in deionized distilled 
water and make up to 200 ml. 1 ml = 1 mg Se (1000 mg/l) 

2. Nickel Nitrate solution, 5%: Dissolve 24.780 g of ACS 
reagent grade (Ni(N03 ) 2 • 6H20 in deionized distilled 
water and make up to.100 ml. 

3. Nickel Nitrate solution, 0.4%: Dilute 8 ml of the 5% 
nickel nitrate to 100 ml with deionized distilled water. 

4. Working Selenium solution: Prepare dilutions of the 
stock solution to be used as calibration standards at 
the time of analysis. The calibration standards must 
be prepared using the same type of acid at the same 
co~centration as will result in the samples to be 
analyzed after sample preparation. 
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Element: Selenium 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light. source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
196.0 
2.0L 
EDL 
6 w 

Background Correction?: yes 

B. Read-out parameter 

Peak area7 time: 
Peak height7 time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquot: 
Calibration standa~ds: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

4 sec 

argon 
pyrocoated with L'vov platform 
20 
0.05 ~/ml, 0.020 ~/ml, 
0.01 ug/ml, 8lan·k 
NiN03 (0.4%} 
5 ul 
automated 
2 

o. Keyboard entries for temp/time programing 

Step 1 2 3 4 5 

Temp°C 200 800 2200 2650 20 
Ramp( s} 1 40 0 1 1 
Rold(s) 30 23 4 4 5 
Read 0 
Baseline -3 
Internal flow 0 
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F. SILVER 

(Atomic Absorption, furnace technique) 

Optimum Concentration Range: 
Approximate Detection Limit: 

1-25 JJg/1 
0.2 JJg/1 

Preparation of Standard Solution 

1. Stock Solution: Dissolve 1.575 g of AgN03,' (analytical 
reagent grade) in deionized distilled water, add 10 ml 
cone. HN03 and make up to 1 liter. 1 ml = 1 mg AgN03 
(1000 mg/1) 

2. Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. These 
solutions are also to be used for "standard additions." 

3. The calibration standards must be prepared using the 
same type of acid and at the same concentration as 
will result in the sample to be analyzed after sample 
preparation. 
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Element: Silver 
Instrumental/HGA Parameters 

A. Instrumental 

Instrumental Model: 
Wavelength: 
Spectral band width: 
Light source: 
Current/watts: 

Perkin Elmer AA 5000 with HGA 500 
328.1 run 
0.7L 
Hallow Cathode Lamp 
10 MA 

Background Correction?: yes 
•, 

B. Read-out parameter 

Peak area1 time: 

Peak height1 time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquot: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

5 sec 

argon 
pyrocoated with L'vov platform 
10 ul 
0.050 ug/ml, 0.020 ug/ml, 
0.01 ~g/ml, Blank 
none 
none 
automated 
2 

o. Keyboard entries for temp/time programming 

Step 1 2 3 4 5 

Temp°C 200 600 1900 2650 20 
Ramp(s) 1 25 0 1 1 
Hold(s) 25 35 5 5 10 
Read -1 
Baseline -4 
Internal flow 0 
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G. TIN 

(Atomic Absorption, furnace technique 

.. 
Optimum Concentration Range: 20-300 JJg/1 

5 JJg/1 Approximate Detection Limit: 

Preparation of Standard Solution: 

1. Stock solution: Dissolve 1.000 g of tin metal 
(analytical reagent grade) in 100 ml. of cone. HCl 
and dilute to l liter with deionized distilled water. 
l ml • l mg Sn (1000 mg/1) 

2. Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. The 
calibration standards should be prepared using the 
same type 9f acid and at the same concentration as 
will result in the sample to be analyzed after sample 
preparation. These solution are also to be used for 
•standard additions.• 

3. Ammomium Phosphate solution (4%) and 0.4% MgNOJ 
solution. Dissolve 4 grams of Ammonium phosphate 
(NH 4 >2 HP04 (analytical reagent grade) and 0.4 g of 
MgNOJ in deionized distiled water and dilute to 100 ml. 
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Element: Tin 
Instrumental/HGA Parameters 

Instrumental Model: 
Wavelength: 

Perkin Elmer AA 5000 with HGA 500 
224.6 run 

Spectral band width: 0.7L 
Light source: EDL 
Current/watts: 8 Watts 

Background Correction?: yes 

B. Read-out parameter 

Peak area: time: 
Peak height: time: 

c. HGA Parameters 

Purge gas: 
Graphite tube: 
Sample aliquet: 
Calibration standards: 

Matrix Modifier: 
Matrix modifier aliquot: 
Sample introduction: 
Replicates: 

4 sec 

argon 
pyrocoated with L'vov platform 
20 ~l 
0.10 ~g/ml, 0.04 ~g/ml, 
0.020 ~g/ml, Blank 
4% (NH4)2 HP04/0.4% MgN03 
5 ul 
automated 
2 

o. Keyboa~d entries for temp/time programing 

Step l 2 3 4 5 

Temp°C "200 1000 2100 2650 20 
Ramp( s) l 10 0 l 1 
Hold(s) 30 23 4 4 5 
Read 0 
Baseline -3 
Internal flow 0 
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IX. HELPFUL POINTS 

The following are helpful points when using the furnace 
technique: 

Background Correction 
•' 

With flameless atomization, background correction becomes 
of high importance especially below 350 nrn. This is because 
certain samples, when atomized, may absorb or scatter light 
from the hollow cathode lamp. It can be caused by the presence 
of gaseous molecular species, salt particles, or smoke in the 
sample beam. If no correction is made, sample absorbance will 
be greater than it should be, and the analytical result will be 
erroneously high. 

Memory Effects 

If during atomization all the analyte is not volatilized 
and removed from the furnace, memory effects will occur. This 
condition is dependent on several factors such as the volatility 
of the element and its chemical fo~, whether pyrolytic graphite 
is used, the rate of atomization and furnace design. If this 
situation is detected through blank burns, the tube should be 
cleaned by operating the furnace at full power for the required 
time period as needed at regular int~rvals in the analytical scheme. 

Feedback Temperature Control 

The Perkin Elmer HGA - 500 graphite furnace is equipped 
with feedback temperature control. It gives faster rates of 
atomization and can be operated using lower atomization 
temperatures for shorter time periods. 
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Dilution 

Inject a measured microliter aliquot of sample into the 
furnace and atomize. If the concentration found is greater 
th•n the highest standard, the sample should be diluted in· the 
same acid matrix reanalyzed. 

Interference 

To verify the absence of interference, refer to Inter­
ferences, Chapter III. 

Check Standard 

A check standard should be run approximately after every 
10 sample injections. Standards are run in part to monitor 
life and performance of the graphite tube. Lack of reproducibility 
or significant change in the signal for the standard indicates 
that the tube should be replaced. Even though tube life depends 
on sample matrix and atomization temperature, a conservative 
estimate would be that a tube will last at lest 50 firings. A 
pyrolytic-coating would extend that estimate by a factor of 3. 

Check List for the Proper Use of Graphite Tubes 

(Refer to (Appendix B) •Analytical Lifetime of Graphite 
Tubes- The Checklist•, R. Lehmann, et al., Perkin-Elmer Atomic 
Spectroscopy Applications Laboratory) 
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X. CALCULATIONS 

For determination of metal concentration by the furnace: 
Read the metal value in ug/1 from the calibration curve or 
directly from the readout system of the instrument. 

• If different size furnace injection volumes·.' are used for 
samples than for standards: 

ug/1 of metal in sample = Z 
s 

u 

where: 

Z = ug/1 of metal read from calibration curve 
or readout system 

S = ul volume standard injected into furnace 
for calibration curve 

U • ul volume of sample injected for analysis 

• If dilution of sample was required but sample injection 
volume same as for standard: 

C + B 
ug/1 of metal in sample = Z 

c 

where: 

Z • ug/1 metal in diluted aliquot from calibration 
curve 

B • ml of deionized distilled water used for 
dilution 

C • ml of sample aliquot 

For sample containing particulates: 

v 
ug/1 of metal in sample = zo -c 

X-1 
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Z • ug/1 of metal in processed sample from 
calibration curve 

V • final volume of processes sample in ml 
C • ml of sample aliquot processed 

For solid samples: Report all concentrations as mg/kg dry 
weight. 

Dry sample: 

z 
----- v 
1,000 

mg metal/kg sample • ---------

where: 

0 

z • ug/1 ·of metal in processed sample from 
calibration curve 

V • final volume of processed sample in ml 
0 • weight of dry sample in grams 

Wet samJ;>le: 

where: 

z 
----- v 
1,000 

mg metal/kg sample = --------
W X P 

Z • ug/1 of metal in processed sample from 
calibration curve 

V • final volume of processed sample in ml 
W • weight of wet sample in grams 
P • % solids 

X-2 
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XI. ROUTINE MAINTENANCE AND TROUBLESHOOTING 

HGA-500 Graphite Furnace 

• The HGA-500 is protected against any kind of false 
operations. Incorrect programming or operation steps 
are indicated by specific error codes on th~ temperature 
display. (See Section 2.3 of P.E. HGA-500 Graphite 
Furnace Operator's Manual.) 

o Routine Maintenance - (See Section 6 of P.E. HGA-500 
Graphite Furnace Operator's Manual and Section 8 of 
General Information Section and Analytical ~1ethods for 
Furnace AAS Manual). 

AS-40 Auto Sampler 

o The AS-40 auto sampler requires little maintenance 
other than to keep it clean and free of dust. (See 
Section 9 of AS-40 Auto Sampler Instruction Manual for 
routine maintenance and troubleshooting.) 
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APPENDIX A 

ACID DIGESTION OF SEDIMENTS, SLUDGES AND SOILS 

The acid digestion procedure for trace metals analysis 
in sediments, sludges and soils described in the u.s. EPA 
Contract Laboratory Program, Inorganic Analysis: M~lti Media 
Multi Concentration, SOW No. 784, July 1984 will be followed 
(Appendix B). 

After the digestion procedure proceed to either of the 
following: 

1. Section 3 of this manual (Analysis of Trace Metals 
in Water, Wastewater, Sediments, Sludges and Soils 
by ICP-AES) for trace metals analysis to be done 
by ICP. 

2. Section 4 of this manual (Chapter IV of Furnace 
Atomic Absorption Method for Trace Metals Analysis 
of Water, Wastewater, Sediments, Sludges and soils) 
for analysis to be done by furnace AA. 

The quality control measures in the Quality Assurance/Quality 
Control for Trace Metal Analysis of Water and Wastewater by ICP-
AES and Furnace AA will be followed. 



An'ACEMENT 1 

ACID DIGESTION OF SED.IMENTS, SLUDGES AND SOILS 

1. Scope and Application 

1.1 This method is an acid digestion procedure used to prepare sediments, 
sludges, aud soil samples for analysis by flame or furnace atomic 
abaorption spectroacopy (AAS) or by inductively coupled argon plasma 
spec~roacopy (ICP). Samples prepared by chis method may be analyzed 
by AAS or ICP tor che following metal~: 

.UWiinwa Chroaaiwa Seleniwa 
Antimony C4balz: Silver 
Arsenic: Copper Sodiwa 
luiwa Iroa. Thallium 
hrylliwa ~-d Tin 
Cacbaiu111 Mapesiwa Vanadiwa 
Calciwa Manganese Zinc: 

Mickel 
Pot.uaiwa 

2. Summary of Method 

HOT!: A separate ~gestion procedure is required for furnace AA and ICP 
analysis. 

2.1 A representative 1 g (vee weight) sample is digested in aicric acid and 
hydrogen peroxide. the digestate is chen refluxed vich eicher nitric 
acid or hydrochloric: acid. Rydrochloric: acid is used aa che final 
rellu.x acid for che furnace M. analysis of Sb and Se1, che flame AA or 
ICP analysis of Al, Sb, !&, Be, C&, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, 
Hi, ~. Ag, Ia, tl, Sa, V and Za.. liz:ric: acid is employed as the final 
relluz acid for che funace AJt. analysis of As, Be, Cd, Cr, Co, Cu, Fe, 
Pb, Mu, H~, Se, Ag, ~1, V, and Zn. A separate sample shall be dried 
for a coc&l solids determination (Exhibit 0, Attachment 9). 

3. Apparatus and Materials 

3.1 C4nical beakara - ~0 al Phillip• beaker or ocher appropriate vessel. 

3.2 ~acch glasses 

3.3 Thermometer that covers range of o· co 2oo•c 

3.4 Whacmau No. 42 filter paper or equivalent 

4. ll.eageucs • • 

4.1 AS!M Type II water (AS!M 01193): ~ater =uat be ~oaitored. 

4.2 Concentrated Nitric Acid (sp. gr. 1.41) 

. .:zt 

,. 
.. 
4 

' .. 

../. 

.i. 



Concentrated Hydrochloric Acid (sp. gr. 1.19~ 

Hydrogen Peroxide (30%): Tin-free grade. 

le Preservation, and Handlin 

Non-aqueous samples muse be refrigerated upon receipt until analysis. 

e atoaai c s;;.,;;.;;..-...-­

t'gon plas 6 • 1 be aaaly 

ar 

:ter nit 
! final 
~ame AA 
Mg, Mn, 

the t 
:o, Cu, 
be drie 

vess 

6.2 

6.3 

6.4 

6.5 

Mix the sample thoroughly to achieve homogeniety. For each digestion 
procedure, veigh and transfer to a coni. cal beaker a 1.0 g portion (to 
the nearest o·.o1 gma) of sample. 

Add 10 aal of 1: 1 nitric acid (RN03), raix the slurry, and cover with 
a vatch glass. Heat the sample to 95•c and reflux for 10 minutes 
without boiling. Allov the sample to cool, add 5 ml of concentrated 
HN03, replace the vatch glass, and reflux for 30 minutes. Do not 
allow the volume to be reduced to less than 5 ml while maintaining 
a covering of solution over the bottom of the beaker. 

After the second reflux step has been completed and the sample has 
cooled, add 2 ml of Type II water and 3 ml of 30% hydrogen peroxide 
(B202)• Return the beaker to the hot place for warming to start the 
peroxide reaction. Care liUSt be taken to ensure that losses do not 
occur due to excessively vigorous effervescence. Heat until effer­
vescence subsides, and cool the beaker. 

Continue to add 30% R202 in 1 ail aliquota with warming until the 
effervescence is minimal or until the general sample appearance is 
unchanged. (NOT!: Do not add aore than a total of 10 ml 30% HzOz.) 

If the sample is being prepared for the furnace AA analysis of Sn and 
Sb, the flame AA or ICP analysis of Al, Sb, Ia, Be, Ca, Cd, Cr, Co, 
Cu, le, Pb, Kg, Mn, 11, K, Ag, Ma, Tl, Sa, V, and Zn, add 5 ml of 1:1 
RCl and 10 al of Type II water, return the covered beaker to the hoc 
plate,,and heat for an additional 10 minutes. After cooling, filter 
through ~atman No. 42 filter paper (or equivalent) and dilute to 
100 al with Type II water (or centrifuge the sample - see Note 1). 
The diluted sample has an approximate acid concentration of 2.5% 
(v/v) RCl and 5% (v/v) BN03. Dilute the digestate 1:5 with the 
deionized water. The sample is nov ready for analysis. 

6.6 If the sample is being prepared for the furnace analysis of As, 
Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Hi, Se, Ag, T1, V, and Zn, continue 
heating the acid-peroxide digestate until the volume has ·been reduced 
to approximately 2 al, add 10 al of Type II water, and warm the =ix­
ture. After cooling, filter through Whatman No. 42 filter paper (or 
equivalent - see Note 1) and dilute to 100 al with Type II water (or 
centrifuge the sample). The diluted digeacate solution contains 
approximately 2% (v/v) BN03. Dilute the digestate 1:5 with deionized 
water. For analysis, withdraw aliquota of appropriate volume, and 
add any required reagent or aatrix modifier. The sample is now 
ready for analysis. 

D - S 
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7. Calculations 

7.1 A separate determination of percent solids must be performed 
(Exhibit D, Attachment 9). 

7.2 The concentrations determined in the digest are to be reported 
on the basis of the dry weight of the sample. 

Concentration (dry we.) (mg/kg) • C x V 
W X 5 

where C • Concentration (mg/~) 
V • O.lL (Final volume in liters after sample preparation) 
W • 0.002 kg (weight in kg of wet sample) 
S • % Solida/100 . 

l&F: Modification of Method 30SO from SY-846, Test Methods for !valuating 
Solid Waste, EPA Office of Solid Waste and Emergency Response, July 1982. 

' . 
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ANALYTICAL LIFETIME OF GRAPHITE TUBES 

-THE CHECKLIST-



i::JERKIN-ELMER 

ATOMIC SPECTROSCOPY APPLICATIONS LABORATORY 

Bodenseewertt Perkin-Elmer & Co GmbH· Postfach 1120 · 0-mo Oberfingen 

Analytical Lifetime of Graphite Tubes 
- The Checklist -

LAB 
NOTES 

44 E/ April 1983 

R. Lehmann, z. Grobenski, U. Vollkopf, H. Schulze 

At Perkin-Elmer, the permanent improvement of graphite tube technology has 
the same importance as continuous improvements of hardware and software for 
all instrumentation. This is the reason why interferences in graphite furnace 
AA are nowadays much better under control. If the P-E Stabilized Temperature 
Platform Furnace concept is completely and correctly applied, comoined with 
Zeeman-effect background correction, spectral and non-spectral interferences 
are largely eliminated. 

In addition, the average tube lifetime has been improved by using much better 
graphite materials (exclusively developed for P-E and in cooperation with P-E 
scientists), applying lower atomization temperatures and optimizing tempera­
ture/time programs. Use of automatic samplers for sample dispensing is a· 
standard way not only to automate and improve analyses, but to get longer 
tube life, too. By atomizing off the L'vov Platform when using the STPF con­
cept (the platform is made of solid pyrolytic graphite) a direct contact 
of strongly acidified samples with the tube walls is avoided and herewith 
tube lifetime prolonged. It was found that for evaluation using integrated 
absorbances {peak area), significantly lower temperatures for atomization 
can be used without sacrifying sensitivity. This too has a benificial in­
fluence on the tube lifetime. 

But in practical work with the graphite furnace there are a few additional 
points to take care about. 

To help you to obtain the maximal analytical and mechanical graphite tube 
lifetime we put together this checklist. 

We wish you all success! 
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CHECKLIST 
for the proper use of graphite tubes 

1. Cleaning the graphite contacts 
2. Thenmal conditioning 
3. Thermal pretreatment 
4. Atomization temperature 
5. Atomization time 
6. Influence of the acid matrix 
7. Cooling 
8. Inert gas 
9. Lifetime of the graphite contacts. 

1. Cleaning the graphite contacts 
Always when replacing a graphite tube, and especially after mechanical break­
down of the tube, the inner surfaces of the graphite contacts, should be 
cleaned using a reamer (10 mm diameter, Part No. B010-7022).Carbon deposite 
will thus be removed. 

BEWARE: Take care not to damage the graphite contacts. After reaming is 
finished, remove the dust. 

2. Thermal conditioning 
After insertion, every new tube should first be thermally conditioned. It is 
recommended that for the very first heating a ramp time between 60 and 100 
seconds for the temperature range from ambient temperature to 2650 C is 
applied. After a few seconds at 2650 ec and cool down of 20 seconds, con­
ditioning is repeated three times but with a faster ramp (e.g. 10 seconds). 
This type of conditioning is especially important for pyrolytically coated 
graphite tubes. 

For uncoated graphite tubes, it is sufficient to heat to 2700 C four times 
and to maintain this temperature always for about 10 seconds Between runs 
normal cooling step should be observed. 

3. Therm~l pretreatment 
It is very important for a good analysis, as well as for a long tube life, 
to use always ramp time for thermal pretreatment. Even for the very simple 
samples, no higher temperature increase than approx. 50 -c/s can be recom­
mended. For more complicated sample matrices, a ramp of 20 to SO C/s should 
be applied. Above all, conditions should be avoided where very sudden fume 
development occurs. If necessary, the thermal pretreatment should be broken 
down into two or more steps to control better matrix decomposition. 

4. Atomization temperature 
For optimal performance, do not use higher atomization temperatures than 
2650 ~C for pyrolytically coated graphite tubes and 2700 C fer uncoated 
tubes. For a number of difficult -to-atomize (refractory) elements, appli­
cation of a higher atomization temperature initially increases the signal 
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heights, but it drastically reduces tube lifetime. Higher atomization tempe­
ratures are not analytically justified. 

5. Atomization time 
When using integrated absorbance evaluation {peak area), atomization time has 
to be selected sufficiently long for the signal to come back to the baseline. 
When measuring peak heights, it is sufficient to select an atomization time 
long enough to reach safely the rear flank of the peak. An additional heat­
out step with the full argon flow of 300 ml/min is then applied and only 
here will the signal reach the baseline. High atomization and heatout tem­
peratures should only be applied as long as required and not a second or 
more longer. 

6. Influence of the acid matrix 
An acid matrix, and generally the matrix itself, may have a strong negative 
influence on the tube lifetime. Strong acids or oxidizing agents, e.g. HN0 3, 
HClO , H 0 , etc., have a very bad reputation in graphite furnace AA. This 
is efpec~a~ly the case if nitric acid penetrates into the graphite tube wall 
material when using uncoated tubes. With a sudden temperature increase, 
nitrous gases develop ins1de of the graphite lattice. Thus, the graphite 
lattice is partially damaged and becomes even more porous, so that in the 
next measurement the effect will be even worse. 

To avoid this, always keep a check on the acid concentration, avoid strong 
agents if possible, use a slow ramp for thermal pretreatment (see 3.) and 
use pyrolytically coated tubes and/or platform atomization. 

7. Cooling 
Our HGAs are so built that an automatic cooldown step from the applied 
atomization or heatout temperature to ambient temperature takes only 20 seconds. 
Usually tap water is used for this cooling. Nevertheless. if the temperature 
of the tap water is rather low and for the flowrate of this cold walter is 
too high, there is a possibility that water condensation from atmospheric 
humidity takes place on or around the graphite contacts. This may have a 
negative influence on the tube lifetime, too. This is the reason wh¥ the 
cooling water flowrate is specified to be 2 L/min ~ 0.5 L/min. 

Better, and in the long run sometimes cheaper, is the use of the P-E circula­
tory cooling unit (Part No •. B-009-1440). This always provides the same water 
flow and cooling is efficiently set to reach a temperature of about 40 JC. 
When using a circulatory cooling unit, a longer tube life is generally ob­
served. 
When using platform atomization in the STPF concept, it fs mandatory after 
the last step to add an additional cooling step of about 20 seconds at ambient 
temperature. 

8. Inert gas 
Nitrogen as innert gas results in a lower peak sensitivity for a few elemen~s. 
In addition, at temperatures aoove 2300 C toxic cyanogen (C2N2) may be 
generated, making continuous use of n1trogen in a small, poorly ventilated 
room potentially dangerous. Thus only argon can be recommended. Argon purity 
should be 99,996 . wlth no more than 5 vpm oxygen and 4 vpm water. Higher 
oxygen or/and water concentrations may decrease the useful lifetime of the 
graphite tubes. 



HGA APPLICATIONS DATA SHEET 

Element:----- Matrix: -~G:23t:.!e!.f~lo.l.\ .!!n:..__-..it.J.!'a..&k~__J~C2f:~~: "~f&"~etj~rq.~..,.~".r--

HGA-500 Program Location:------

Instrumental Parameters Readout Parameters 

Inst. Model . 
~ Absorbance/Cone: . 

Wavelength . 0 Peak Beiqht; time . 
Spectral Bandwidth: 0 Peak Area; time 

Liqht Source : 0 Recorder: 

Current/Watts : 

Backqround Correction? -

HGA Parameters 
Keyboard Entries 

HGA Medel : ~ Step 1 2 3 4 5 6 7 e 9 

Graphite Tube : Temp •c ~ X) ~ J,o ~~ 
Sample Aliquot: Ramp (s) ~·{C( ;J.a 30 ~ /0 
Sample Introduction Bold (s) .5' S" " 5 7 

Manual: Read 
I 

Automated: Rec. 

Replicates: Baseline 

Purqe Gas : !nt.Flow I ml/min 

Alternate Gas : Int.Alt. I 
ml/min I 
E:xt.Alt. 

I ml/min 
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I. INTRODUCTION 

The procedures specified in this manual for the analysis 
of volatile organic compounds (VOC's) are based on the following 
EPA-approved methods: 

• Method 601 - Purgeable Halocarbons 
• Method 602 - Purgeable Aromatics 
• Method 603 - Acrolein and Acrylonitrile 
• Method 624 - Purgeables by GC/MS 

as found in Appendix A to 40 CFR Part 136 - Methods for Organic 
Chemical Analysis of Municipal· and Industrial Wastewater (FR 
!!' 26 October 1984). 

Methods 601 and 602 have been integrated into one procedure 
to measure 27 of the 29 volatile organic priority pollutants. 
The other 2 volatile organics, acrolein and acrylonitrile, are 
screened in samples using Method 624, and if found, are quantitated 
using Method 603. 

The major procedural alterations made by combining Methods 
601 and 602 at·e: 

1. The chromatographic column specified in Method 601 is 
used for analysis. 

2. The flame ionization detector (FID) has been substituted 
for the Hall Conductivity detector specified in Method 
601. . 

3. A larger sample volume, 50-ml as compared to 5-ml, is 
used to compensate for some loss in analytical 
sensitivity due to the use of the FID. 

4. Samples are not preserved with HCl. 

I-1 
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II. SUMMARY OF METHOD 

• The analysis of volatile organic compounds (VOC) in·aqueous 
and solid samples can be divided into two major steps: 1) the 
transfer of VOC's from the sample matrix into a vapor phase, 
and 2) the subsequent analysis of this vapor phase by gas 
chromatography. 

" ' 
A "purge and trap" unit is used to transfer the VOC's from 

the sample matrix into a gaseous phase. For aqueous samples, 
this is accomplished by first placing the sample in a sealed 
purging vessel and then bubbling an inert "purging" gas through 
the sample. The "purging" gas removes the VOC's from the 
water matrix and transports them through a sorbent packing 
material (the "trap"), where they are retained or "trapped" at 
ambient temperature. 

For sludge and soil samples, 10-20 grams of the sample is 
placed in the purging vessel and clean water added. The sample 
vessel is then sealed and an inert "purging" gas is bubbled 
through the sample and the VOCs are collected as described 
above for aqueous samples. 

When the "purge and trap" procedure is complete, the sor­
bent trap is then heated rapidly as carrier gas is passed 
through the trap to desorb the "trapped" VOC's into the gas 
chromatograph (GC) for analysis. 

II-1 
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III. SAMPLE HANDLING AND PRESERVATION 

Water samples for VOC analysis should be collected in clean 
glass containers, generally (2) 40 ml vials, per sample, with 
teflon-lined lids. The sample should be sealed with no head 
space remaining in the vial, and labeled with the proper samp­
ling information. Sludge and soil samples are normally collected 
in clean wide-mouth glass jars with teflon lined caps and 
headspace should be minimized. Samples are then transported 
to the lab at 4°C by packing them in ftblue ice". (Note: Dry 
ice should not be used as it will cause the samples to freeze 
anc the glass vial to break.) Sampling data, shipping forms, 
chain of custody forms and/or other relevant sampling information 
should also be packed with the samples. 

Once received in the lab for analysis, the samples should 
be inspected for breakage, head space, or other improper sample 
conditions by the sample custodian. All relevant sample infor­
mation is then recorded in the sample log book and the samples 
are refrigerated at 4°C until analysis. The custodian notifies 
the appropriate analyst once the samples have been logged. 
There is a maximum holding time of 14 days between sampling and 
analysis for purgeable halocarbons. 

III-1 
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IV. EQUIPMENT 

The two major components for VOC analysis are the: 
(1) "purge and trap" unit, and (2) gas chromatograph. 

1) Hewlett-Packard Model 767SA Purge and Trap~' This unit 
can be set-up to purge either a SO ml capacity or 10 ml 
capacity sample tube. Generally, the SO ml capacity 
purge assembly is used to obtain a lower detection 
limit for samples containing trace amounts of voc. 

The sorbent trap cartridge is easily accessible and 
can be removed for re-packing, or can also be used for 
air sampling of voc. For a compelte description of 
operation, capabilities, specifications, and mainte­
nance, refer to the HP 767SA manual. 

2} Hewlett-Packard S880 Gas Chromatograph (GC) with 
Level 4 GC Computer Tel~inal: 

The HP S880 GC is equipped with a flame ionization 
detector (FID). 

The HP Level 4 GC Computer Terminal has 4 major func­
tions which are summarized below: 

• Printer/Integrator - prints chromatogram, retention 
times, peak areas, reports. 

• Data Handling - automatically identifies and quan­
titates peaks through the use of a 3-level calibra­
tion table: calculates concentrations using External 
or Internal Standard method. 

• Storage - stores calibration tables, reports or any 
other relevant data on cartridge tape unit. 

For a complete description of operation, capabilities, 
specifications, and maintenance of the HP S880 GC and 
Level 4 Tel~inal refer to the HP S880 GC Manual. 
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V. SYSTEM OPERATION 

The 2 major instruments us.ed in VOC analysis are the HP 
7675A Purge and Trap (P&T) and the HP 5880 gas chromatograph 
(GC). A schematic diagram of carrier and purge gas flows, 
connections, and specifications are shown in Figure V-1. The 
initial instrumental set-up is described below. ; : 

A. GAS CONNECTIONS 

Generally, all the copper tubing connections made directly 
to the instruments' gas inlets are left intact (Fig. V-1). 
When the GC is employed for other analyses, any disconnected 
ends are capped to keep the lines free of contamination.· For 
these cases, the only external connections to make are: 

1) Connect the main carrier line from the gas tank to the 
#1 Tee. Make sure all other connections are as speci­
fied in Figure v-1. 

2) Connect the Purge and Trap. transfer line and needle 
assembly to the "A" injection port of the GC (refer to 
HP 7675A Purge and Trap Manual) after first checking 
that the correct GC column (Table V-1) is installed in 
the GC oven. Never install the column after the 
needle assembly is in place as this may damage the 
needle. 

B. SETTING GAS FLOW RATES 

Carrier Flow 

The carrier flow entering the GC is made up of a 20 ml/min 
flow from the P&T transfer line and a 20 ml/min flow entering 
the GC A/B carrier inlet on the back of the GC. This yields a 
total GC carrier flow of 40 ml/min into the injection port. To 
adjust the carrier flow: 

a. Set the two-stage regulator on the carrier gas tank 
(N2 or He, UHP grade or better) to 60 psi, open the 
small flow valve on the regulator completely. 

b. Adjust the purge pressure gauge to 10 psi. 
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Table V-1. Operating conditions for VOC analysis using the 
Hewlett Packard 5880 GC 

Cat.·rieL· Gas: 

Column: 

Injection Port Temp: 

Detector Temp 

40 ml/min total (20 ml/min from 
purge and trap, 20 ml/min from 
GC A/B inlet) 

1% SP-1000 on 60/80 carbopack R 
1/8" OD stainless steel x 8' 
or 6' 

Flame Ionization Detector (FID) 
H2 - 40 ml/min 
Air - 400 ml/min 
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c. Turn off the carrier A flow control knob on the front 
of the GC - do not use excessive force. Make sure all 
FID gases are-off7 

d. Turn the Porter valve flow control knob approximately 
3 to 4 turns from the off position. Measure the flow 
coming from the FID opening with a bubble meter and 
adjust the Porter control knob until 20 ml/min flow is 
obtained. 

e. Open the A/B carrier flow control knob (on front of 
GC) approximately 12 turns and adjust until 40 ml/min 
total flow is measured from FID opening. 

Purge Flow 

a. Adjust the purge pressure gauge to 10 psi. 

b. Turn on the Purge and Trap unit and start the purge 
cycle. 

c. Measure the flow coming from the steel purge tube of 
the purge assembly with the bubble meter. .Adjust pu1·ge 
flow by turning the purge flow screw on front of P&T 
uni.t until 40 ml/min flow is measured from the FID 
opening. 

C. DAILY SYSTEM CHECKS 

Once all the connections and gas flows are correctly 
adjusted, the operating parameters for the GC and the purge and 
Trap can be set as listed in Tables v-1 and v-2. 

After the correct operating parameters are set, the follow­
ing procedures should be perfoL-med prior to analysis. 

1) Condition the GC column at 220°C for 20 minutes, or 
until all contamination is removed. If using a new 
column for the first time, follow the manufacturer's 
conditioning instructions. (*NOTE Never heat a column 
unless carrier gas is flowing through it.) When a new 
column is first installed, the column should be con­
ditioned with the outlet end not attached to the 
detector and the detector end should be capped to 
prevent contamination. After conditioning column, the 
attach outlet end to the detector. 
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Table v-2. Operating conditions for VOC analysis using the 
Hewlett Packard 7675A pu1.·ge and trap 

~ar1.·ier gas: UHP N2 or Fie at 20 ml/min 

Purge gas: UHP N2 ot· He at 20 ml/min 

.. 
Sample tube size: so ml . 

P1.·e-purge time: 0 min (off) 

Purge time: 11 min 

Desorb time: 4 min (start GC run at beginning 
of desorb cycle) . 

Desorb temp: 180°C 

Vent time: 5 min (vent tt·ap tempe1.·a tut·e is 
automatically set at 50°C higher 
than desorb temperature) 

Auxiliary temp: 120°C 

. 
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2. The HP 7675A Purge and Trap manual should be referred 
to in order to confi~~ the correct sequence of valve 
actuator positions and indicator lights during each 
purge, desorb, and vent cycle. 

3. Bake-out the Tenax cartridge trap in the P&T for 10 
minutes using the vent cycle only. 

4. Turn on the flame ionization detector (FID} and check 
the baseline zero while the column is at 4Q°C. The 
zero value should be between 20.0 and 30.0 ~· A zero 
signal of 0.57 indicates the FID is not on (i.e., 
has not ignited}. 

5. Run a reagent water blank at a sensitivity setting of 
attenuation 2, theshold 1, to check for system contamin-

·ation. The reagent blank can be analyzed as a "column 
compensated" run and will automatically be used as a 
baseline in all subsequent sample and standard chroma­
tograms (see HP 5880 manual for details}. Reagent blank 
water is prepared by bubbling an inert gas CN2 or He) 
through 1- to 2 liters of deonized H20 while boiling 
the water for 1 hour. It is then stored in a glass 
flask sealed with a teflon-lined cap. Fresh reagent 
water should be prepared if there are any contamination 
peaks in the blank chromatog~·am. Store. the L·eagent 
blank water away from any solvents. 

6. After the "start run" button of the purge and trap is 
pressed, the purge cycle should immediately begin and 
bubbling should be visible in the purge tube. The end 
of the purge cycle is signaled by the abrupt stop of 
the trap cooling air "hiss• and a loud "click" as the 
actuator valves change to the desorb cycle positions. 

7. If the baseline zero and reagent blank run show the 
system to be free of contamination, the instrument is 
ready for calibration. If there are problems with 
contamination or calibration refer to Appendix A, 
Troubleshooting Guide. This table shows only the most 
common problems encountered; for a more detailed 
trouble-shooting guide refer to the Supelco trouble­
shooting guide or the HP manuals. 
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VI. CALIBRATION .. 

The 5880 GC Tel~inal can be programmed to automatically 
identify and quantitate VOC's through the use of a multi-level 
calibration table. An external standard calibration method 
(ESTD) is used to quantitate concentrations of VOC'$''. In 
addition, each standard and reagent water blank is spiked 
with a surrogate halocarbon to monitor both system and method 
perfol~ance. A detailed description of this method is pre­
sented in the HP 5880 manual- Vol. 5: •Integration and Methods." 

The calibration table for VOC analysis is prepared using 
three certified stock solutions obtained from Supelco•. The 
contents of purgeable stock solutions A, B, and C are shown in 
Table VI-1. [Note: acrolein and acrylonitrile are screened in 
the sample using GC/MS, if present, they are quantitated using 
EPA Method 603, Appendix A to Part 136, FR: October 26, 1984.] 

A. PREPARATION OF CALIBRATION STANDARDS 

The stock solutions A, B, and C should remain sealed in 
their ampules and stored in a freezer until use. The ampuls 
should be kept cold until opened. Once opened, the contents of 
the ampule should be transferred to a l/2-dram glass vial, 
sealed with a teflon-lined cap, and labeled with the stock 
name, date the vial was opened, and then stored in a freezer. 
Stocks should be disposed of after 2 weeks from opening, or 
sooner, if a noticeable change in ESTD response factors is 
observed. 

Purgeables A and B 

Three concentration levels prepared from the certified 
stock solutions are used to construct the calibration table. 
Prepare each level of the calibration just prior to analysis as 
follows: 

1. Clean the 50-ml sample purge tube at the start of each 
day and between dirty samples, by scrubbing with soap 
and water, deipnized water rinsing and drying in an 
oven. Generally, the tube can be simply rinsed with 
deionized water between relatively clean samples. 
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Table VI-1. Composition of Purgeable A, R, and C certified stock solutions 

"-·---

PURGEABLE A 
(all compounds 0.2 
mg/ml in methanol) 

Cat. I 4-8851· 

methylene chloride 
1,1-dichloro~thylene 
1,1-dichloroethane 
chloroform 
carbon tetrachloride 
1,2-dichloropropane 
trichloroethylene 
1,1,2-trichloroethane 
dibromochloromethane 
tetrachloroethylene 
chlorobenzene 
2-chloroethylvinylether 

PURGEABLE B 
(all compounds 0.2 
mg/ml in methanol) 

Cat. I 4-8852 

----------
trans-1,2-dichloroethylene 
1,2-dichloroethane 
1,1,1-trichloroethane 
bromodichloromethane 
trans-1,3-dichloropropene* 
cis-1,3-dichloropropene* 
benzene 
bromoform 
1,1,2,2-tetrachloroethane· 
toluene 
ethylbenzene 

Purgeable C 
(all compounds 0.2 
mg/ml in methanol) 

Cat. I 4-8853 

' 
chloromethane 
bromomethane 
vinyl chlot·ide 
chloroethane 

* The amounts of cis- and trans- 1,3 dichloropropene may 
vary from 0.2 mg/mlJ concentrations are specified on the 
data sheet accompanying the standard. 
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2. Analyze a SO ml sample of the reagent water (see Chapter 
V, Section C) to be used in preparing the calibration 
standards. If contaminated, refer to Appendix A. The 
reagent water should be at ambient temperature before 
use. 

3. To prepare the first calibration level, rinse a 2S~l 
syringe with methanol, and then rinse with Purgeable 
A. Fill the syringe with 20~1 of stock Purgeable 
A, and inject the 20~1 into a 200-ml volumetric 
flask containing approximately 190 ml of reagent 
water*. Rinse the syringe again with methanol, and 
Purgeable 8, then inject 20~1 of Purgeable 8 into 
the same 200-ml volumetric. Dilute to the mark with 
reagent water, seal and invert the flask 3 times to 
mix. DO NOT SHAKE to mix the standard, or loss of 
volati!is-will occur. This standard solution has a 
concentration of 20 ppb of each VOC compound (except 
trans-and cis-1,3-dichloropropene whose percentage 
concentrations are shown on the concentration sheet 
which comes with the stock solution) and will also 
serve as the substock from which the other two calibra­
tion levels are prepared. The substock can be stored 
for up to two hours if refrigerated at 4°C and sealed 
in a glass bottle. 

4. The second calibration level is prepared just prior to 
analysis by adding lS ml of the substock to the clean 
SO ml purge tube and diluting to SO ml with reagent 
water. Immediately attach the purge tube to the P&T. 
Warm the tube contents to ambient temperature before 
beginning the calibration run. The third level is 
prepared in the same manner, except that 2.5 ml of 
substock is diluted to a final 50 ml volume. The 
resulting concentrations of the second and third 
calibration levels are 6 ppb and 1 ppb, respectively. 

Purgeable C 

Separate standards are prepared for purgeable C. The 
procedure for preparation of purgeable C standards is as follows: 

1. For the first calibration level, rinse a syringe with 
methanol and purgeable c, then inject 200~1 of 
purgeable C into a 200-ml volumetric flask containing 
approximately 190 ml of reagent water. Dilute to the 

*The water should not be in the neck of the flask because this 
causes poor recovery of VOC's. 
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mark with reagent water and invert the flask 3 times 
to mix. This substock has a concentration of 200 ppb 
of each of the four compounds. 

2. The second calibration level is prepared just prior to 
analysis by adding 2S ml of the substock to the clean 
SO ml purge tube and diluting to SO ml with reagent 
water. The third level is prepared in the same manner 
except that 10 ml of substock is diluted with reagent 
water to a final SO-ml volume. The result~ng second 
and third levels are 100 and 40 ppb, respectively. 

Preparation of Surrogate Spiking Compound 

A surrogate substock is prepared from a Supelco~ stock solu­
tion (20 mg/ml) of bromochloromethane (cat. #4-8711). Rinse a 
lOOul syringe with methanol followed by the stock. Inject 
lOOul of the stock solution into a 10.0 ml volumetric 
flask containing approximately 9 ml of pesticide grade methanol. 
Dilute to the mark with methanol, stopper the flask, and invert 
three times to mix. This resulting combined substock contains 
bromochloromethane at a concentration of 200 ng/ul. Store 
the stock and surrogate substock solutions in separate glass 
vials, seal with teflon-lined caps with no head space above the 
liquid. The vial should be labeled, dated, and stored in a 
freezer. The stock solution may be kept for up to two months 
or until a noticeable change in fresh substock response factors 
occurs. Fresh substock solutions should be prepared weekly. 

B. CONSTRUCTING THE CALIBRATION TABLE 

After preparation of each calibration level and surrogate 
substock, the analyst can begin constructing the calibration 
table. Briefly, this is perfol~ed as follows: 

• Place SO ml of the calibration solution* to be analyzed 
(20, 6, or 1 ppb for purgeables A/B, and 200, 100, or 
40 ppb for purgeable C) in the sample tube. 

* Due to interference by the methanol peak, the calibration 
table for the calibration solution containing Purgeable A and 
B is constructed separately from the Purgeable C solution. 
The two calibration tables are combined into one by the 
editing capabilities of the GC computer terminal. 
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• Immediately inject 5.0~1 of the surrogate substock 
(beneath liquid surface) into the 50 ml calibration 
solution, place a piece of clean foil over the tube 
opening and invert the mixture once to mix. 

• Screw the sample tube to the purge assembly and commence 
analysis (described below). 

The three calibration levels can be prepared and analyzed 
in any order, but generally, the highest concentration (Level 
1) is analyzed first. A summary of calibration levels and 
their concentrations for purgeables A and B are give;n in Table 
VI-2. Note that the amount of surrogate spiked into all 
standards (and samples) is constant. 

Summary 

A vee standard mixture of known composition and concentra­
tion is prepared in reagent water. Each of the ESTD compounds 
will have a characteristic chromatographic peak retention time 
used to identify the compound, and a response factor (RF) used 
to quantitate the compound. Response factors (RF) for a multi­
level calibration are calculated at each concentration level 
as: 

amount of compound in standard (ng) 
RF of compound = ----------------------------------- = ng/area 

area of compound peak 

where ng • nanograms 

A sample aliquot is then analyzed and the chromatographic 
peaks are identified by comparison to standard peak retention 
times, and quantitated using the sample peak area. The 5880 
locates for each ESTD compound the appropriate points or levels 
of calibration which encompass the area value of that ESTD in 
the sample and calculates the equation of the lne formed by the 
two points. Inserting the ESTD compound area into this equation 
solves for the amount of compound present in the sample. 

The final concentration of the compound (in parts per billion) 
in the sample is calculated by dividing the nanograms of a voe 
in the sample aliquot by the volume of the aliquot in milliliters 
(ml) 

nanograms of vee in 
sample aliquot ng 

----------------------- = = ppb volume of aliquot (ml) ml 
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Table VI-2: Summary of calibration standards 

Calihr 
Lev 

1 

2 

at ion 
el 

---

3 

Preparation 
of ESTD 

20JJ1 inject 
each of pur-
geables A&B, 
into 200 ml 
H20• (A/B 
substock) 

15 ml of 
A/B sub-
stock di-
luted to 
50 ml 

2.5 mls of 
A/B sub-
stock di-
luted to 
50 ml 

·---·- '---· 

Preparation 
of Purge C 

200JJ1 inject 
of purgeable 
C into 200 
ml H20 
( substock C) 

25 ml 
substock C 
diluted to 
50 ml 

10 ml 
substock C 
diluted to 
50 ml 

Concentration 
Preparation A&B 
of surrogate r~g/50 ml ppb 

5.0JJ1 in-
ject of SUL"-

rogate sub- 1000 20 
stock to 50 
ml of stan-
dard 

II 

300 6 . 

II 

50 1 

-

Concentration of-
Purgeable C 

ng/5Cknl ppb 

10,000 200 

5000 100 

2000 40 

Concentrati_on 
surrogate 

rag/50 ml ppb 

1000 20 

1000 20 

1000 20 
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Procedure 

Once the first concentration level of standards is analyzed, 
the peaks are identified and the area report is printed. The 
calibration table can then be created. The calibration table 
format and its functions are already programmed as part the 
software incorporated into the teL~inal. The analyst must sup­
ply only the.peak retention time, amount, and name of each com­
pound peak, and the computer automatically calculat~s and saves 
the response factpr for each. Example of voc calibration tables 
for Purgeables A, B, and C are shown in Tables VI-3 and VI-~. 

The complete procedure for setting-up, editing, deleting, 
or manipulating the calibration table is given in the HP 5880 
manual - Volume 5 - Integration and Methods. A summary of the 
procedure is as follows: 

1. Analyze the first concentration level of standard, 
print an area report of the standard chromatogram, and 
identify all the compound peaks by retention time. 
See Appendix B for a standard chromatogram. 

2. To initiate a new calibration table from the standard 
chromatogram area report, the •calibration memory" of 
the terminal must first be cleared of the old calibra­
tion table·. Before cleaJ;ing the memoL-y, make ceL·tain 
the table currently in the memory has been stored on 
the cartridge tape unit of the teL~inal in case it 
must be recalled for later use. The difference between 
the two modes of calibration data storage - the memory, 
an~ the cartridge tape - are outlined below: 

Calibration memory - the calibration table is 
initially set-up in this mode, but will be erased 
from memory if there is a power failure, the in­
strument is turned off, or the table is acciden­
tally deleted. This is generally used as a 
temporary storage until the final table is. stored 
on the cartridge tape. 

Cartridge tape (Device t6) - a permanent "hard 
copy" of the calibration table can be stored on 
the cartridge tape. However, to edit, manipulate, 
or use the table in any ·way, it must first be re­
called into the memoL-y mode. Any changes made to 
the table while in the memory mode will not affect 
the original hard copy on the tape. Any new, 
edited, or corrected version must be restored and 

DELETE CALIB 
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Table VI-3. Three level calibration table generated from 
Supelco~ purgeable standards A and B 

~&.U 'rilfUI "'~I 1"'11' 
Q1\. RT U.'lll. MtT 

1 5.631 

• 9.931 

• 12.371 

9 12.ne 

13 15.3•1 

11 2t.16i 

21 2l.Mt 

•:1\1.. !I ~.-ltAI'tS I 

1 2.aeau.-.3 
2 1 ••• ~, ... 3 
~ 2.aeau.-.z 
1 a.ae..wc..o~3 
2 1.11Mit.oi3 
3 a.attett.o~:z 
1 2.111Mit.oi3 
a 1 ....... ,.,3 
3 a.a ... ec.-tz 
1 a.lltlltNt.o~3 
a &.ttftet.oi3 
3 2.t ... tt-ta 
1 2.ttMIIC..oi3 
a '·'""''.oi3 3 a ...... .,, .. a 
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2 1.1tM8C..oi3 
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l , ... ~u-ta 
1 z.tt.eet.oi3 
a '·""""~3 3 a.ttMU.oiZ 
1 a. tiMU-t3 
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2 t.ttet8l-t3 
3 2.ttMlit_,2 
1 a.ttaec._,3 
2 t.tetltt .. 3 
l a.aeaec._,a 

' ~L.rt'"-:U • 1 
•1 ~C.1 ~tHD~W • ~~ 
•J i'+IJH~U <lt11DOW • a~ 
•l ;.u.cAL. ~" • a 
_. ~~DtMC • 

'lllC St lit. 
•S 3PI't~L.1 ~l'tT • ~ 

12DCtT!otAH£ 

T'C:l 

DQ3 

T'OL.Uil'IC. 

UT-~ 



Q) 
r-t 
.0 .. 
RJ 

~ ..., 
t: 

c > 
0 UJ 

"! '" ..., 
ii RJ E ~ c 

.0 0 

'" 
.. 

r-t 
·;: 
c 
w RJ 

0 i u ·c 
~ liJ 
c Q) 

r-t ·e 
.0 

~ "' Q) 

Ot 
~ 
::t 
Pot 

• 
<l:t' 
I 

H 
:> 
Q) 

r-t 
.0 
RJ 

E-4 

••• 

"' It: 
~1 .,._ 

!!J 
~ 

•J; 

"' 0:: 
·J: 

' •· ~· 

.t; 

,_ 
t:' 
't: 

_, ... 
> ..... 
J 

Ill . .J ... 
,., m n· 
•• f •J: 

<J.; ·-· 0 
m 

I·· • ·I 
{tl .J .• 1 •.• •r. 1'1: 

' . ' ' ' 

.. 
•.l:. 

·~· .• I ••• hi tal .•: c 
c:: z.: '· . ,,, •t; 
•r. •I: z: I: 
r. .r. .J ·.a: ' . ~-

,_ 
.... ••• 

..... .1: ut 
7 •·· "~ ~~ L ... ... (,1 

~J '" > ,_, 
'" 
. ·• 
n ,_ 
'·"' ~ 

~ 'Sf • <P 11' 11' fl1 • • .. t fl1 ... __. .-. •V '1' ~ 
-~ ·.P ? r .,. .,.. .,. .,.. 'l· '\' "' "1t 1 .,. ·s-......... ,, ... ,,, ·~ 
"' .... td ............ tal ... "' ................ . 
!:'J ... M N f'.. ._, • t '1' •:P •.V N ro :•. M t'-1 
.... "' '.'\' ,., (\' ,.... (1' ~ ... .,. ., ,., (tJ (I) ,., 
<W) O:•l 'I:! <1• f-- •O r~ an f...., o1t + •!• -o N o:•l 
•.0 (•J (•J C1t <'J I•) •·• •1• N ID CO ... •.0 •.0 ·1• 
~J m t. ,.. N n f·- n a. lrJ t-. D 1'- f~ ":'J . . . . . . . . . . . . . . . 
.~ • .. -· .... .... ..... ~- ,.. .... .... In .., ... .. ·• .... 

N f•) f~ f~ f? f? f•) f•) I? f? f? f? f•) I? I? 
IS) ~ •P •P tJt tJt tJt tJt fP ~ 1$1 •l) •P 'l' 'Sf 
• .. • • • • ~ • • • t • ... .. .. 
•AI , ... , •.t.l tal ur ur tal w w •AI ul w •AI 111 •at 
•l' •X' •:P '.P 'S' •St tSt ·» tSt ~ 'It ~ •1' •S• •3.• 
tD~tDIDIDtDo.PIDQIDfPG»~tDtD 
llJ'lJ'l''l''l''l''lJ'llQJQJQJQJ(p~tl>' ·» o:9 ~ os• ~ 'l' '1' ., '» '» '!lt 'l' .,. OS> ·v 
--:.t •e of· •:P •O of ~ oJJ ... ~ •O of· '.It •P •tt 
• • • • • • • • • • • • • • • ·n .., \'I ·o ,., (OJ .,. t? N ·.o ,., N ... • • • ·• 

•·• ~J ''' • • I'J f'J •· t nJ I? ... ('.f I•) ... , ~~ f'J 

... ~· 
, ... OS\ N .... _ 

• • . . ... ·S' 
1117 .:OJ (r} ... <'I 
• . • • • 

~·· 
'It ., •(' ·-· ... 

.,. N 
··~ 

... "" ......._,. 

.. ., 

' 

.. 
"' In 

• -· ... _'( 
0 

" " r:1 •'tt 
-~ 

n; it •·• 1 
•• "' 0 -~ 
·~ ••• t:1 tJ. • 

'l'? 
•S• 'St 
~-... 

r;t ... -· 

" . " 
,_ ·-· 1-­
~ .lt.: lt 
•1: ~·= '1: 

\: -' ~ ''· , ..... 
~c n . ... 4 .. , r: "' ... ,._, 
n: • ·• ·:t '1: .I ' ' .I -·' ·J: ,.. ' '1; !=1 f!• n. p 1:1 
n _, It T. ,_, •r. 1t. •-

~~ "' 0 ~= ••• Q •l ·.1) ·~, 
nt '; fY. r.. ·.-, ' I. ., ._., , ' •· ' . ·• 
J .... • ...... , ··~ ., . • "" ....... 

tr. t I t u· I f I . ·' 

0'1 
I 

H 
:> 

I ,,, ,._ 

'" I•) .... .. 
..... ._, ... ,_ ,_ 
•:n .. _ .. 

)-
(k: 
•::t 
Jl:; .... ,_: 
IJf 

·-' 
fO ,,_ 
.J 



Martin Marietta Environmental Systems 

the old version deleted from the tape. Calibra­
tion tables stored on the tape cannot be erased 
by power outages or simple delete commands. 

3. Once the analyst is certain the calibration table in 
the memory can be cleared, enter the command: 

DELETE CALIS 

Only the table in the memory, not in the cartridge 
tape, will be cleared. 

4. After clearing the memory press: 

CALIB ENTER 

The computer will start the calibration procedure us­
ing the previously generated area report of the stan­
dard chromatogram. The analyst must supply the computer 
with the peak retention time, amount (in nanograms), ann 
name of each compound. Response factors (ng/area) are 
automatically calculated for each compound and stored 
as Level 1 calibration. Refer to the HP manual - Volume 
5 chapter on •multilevel calibration" for the specific 
keystl·okes to enter the calibration inform.ation. 

5. Analyze the next concentration level, print an area 
report, then press: 

CALIB 2 

to start the second level of calibration. The computer 
has already stored retention times and names of each 
compound; only the amount (in nanograms) for each compound 
must be entered for the second level. 

NOTE: The substock for .the second and third levels 
must be warmed to room temperature before purg­
ing to prevent low recovery of VOC's. 

6. Analyze the third level as above; press 

CALIB 3 

to initiate the same process for the third level. 

7. Print the completed 3-level table by pressing 

LIST CALIS 
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Check the table for correct retention times, amounts 
of each level, compound names, and response factors. 
The response factors for each concentration level of 
a compound should be within ±10% of each other. If 
not, check for math errors and if necessary, re-analyze 
and calibrate the level which is not in range. If 
re-running one level does not remove the problem, the 
entire 3-level calibration table must be redone. 

8. After the final corrections are made, store the table 
on the cartridge tape, referred to as DEVICE t6, by 
entering 

SAVE CALIB "title of table" DEVICE i6 

The title of the table is enclosed in quotation marks 
and contains information on the type and date of cali­
bration, such as: 

SAVE CALIB "VOCS0-4/18/84" DEVICE i6 

Any command followed by DEVICE #6 indicates the command 
refers to an action involving the cartridge tape unit. 

Other major commands involving the calibration 
table and the cartridge tape unit (DEVICE t6·) are: 

LIST DEVICE t6: shows the titles of all programs, 
reports, and calibration tables 
stored on the tape. 

DELETE CALIS "title" DEVICE #6: erases the speci­
.fied table from 
the tape 

GET CALIB "title" DEVICE i6: recalls the speci­
fied table into 
memory where it can 
be modified or put 
directly to use. 

DELETE DEVICE #6: erases the contents of the 
entire tape (this command 
should be used with caution, 
as it erases everything on the 
tape) 

9. The stored calibration table can then be recalled "into 
memory from the cartridge tape for actual use in the 
identification and quantitation of compounds in sample 
chL·oma tog rams. 
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VII. SAMPLE ANALYSIS 

Review Chapter V before continuing. The steps listed 
below should be performed for analysis-of samples (Note-
VOCs in soil and sludge samples are quantitated using calibration 
curves prepared in reagent water. Spike recoveries are used to 
assess data accuracy): ~ 

1. Recall the calibration table to be used from the tape 
into the memory. Print a copy to observe all retention 
times and response factors. If there is no calibration 
table stored, prepare and store a new calibration 
table. 

2. Prepare and analyze one of the 3 concentration levels 
of a fresh purgeables standard. Print an AREA report. 
If necessary, adjust all the old standard retention 
times in the calibration table to the new values. 
Quantitate the standard using the calibration table in 
the memory by listing an ESTD report. Also analyze 
one of the three concentration ·levels of a fresh 
purgeable C standard. If the calculated amounts (in 
nanograms) of the compounds are not within 15% of the 
•true• amounts listed in Tables VI-3 and VI-4, refer 
to the Quality Control section ~f this document. 

3. Once the old calibration table is edited, or a new one 
created, it must be stored on the cartridge tape. Edit­
ing instructions are given in the HP Integration and 
Methods manual, Vol. s .. 

4. Print a copy of the calibration table to be used for 
the sample analyses of that day, date it and store a 
xerox copy of it in the VOC standards book. 

s. Remove two samples from refrigerated storage and allow 
them to reach room temperature prior to analysis. 

6. Place an appropriate size sample aliquot in SO ml purge 
tube. (Normally 10-20 grams for soils/sludges.) If. 
possible, use previous analytical results to estimate 
aliquot size. Dilute to SO ml total volume with 
reagent water, if necessary. During the course of 
analysis 10% of all samples will be spiked by adding 
5.0 ml of surrogate substock into ~he SO ml volume. 
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7. Screw sample tube into purge assembly, and start the 
•purge & trap" procedure. 

8. At end of purge cycle (beginning of desorb cycle) 
start the GC analysis. 

9. Start the GC analysis at the highest sensitivity: attn 
2+2, and threshold 0. Adjust the sensitivity as 
needed to keep the chromatogram peaks trom becoming 
too large. 

10. If the sample has both high and low concen~rations of 
various VOC's, it may be necessary to analyze both a 
diluted and a concentrated aliquot of the sample in 
order to quantitate all VOC peaks. 

11. Allow the GC analysis to proceed at least until the 
retention time of the last eluting standard peak is 
reached. If the sample contains compounds that elute 
after the last eluting standard compound, allow the GC 
analysis to continue; otherwise, •ghost peaks" may 
interfere during the next sample analysis. Stop the 
run when all peaks have eluted. Bake the column out 
at 220°C if the sample had a high voc content before 
analyzing the next sample. 

12. Print an AREA report to list all peak retention times 
and areas. Print an ESTD report to obtain a quantitated 
report of all the peaks identified by the calibration 
table. Check all sample retention time identifications 
manually against the standard retention times. (NOTE: 
Exceptionally large amounts of compounds can cause a 
shift in retention time and may be •missed" by the 
calibration table. GC/MS confirmation may be needed 
to identify some shifted compound peaks. Examples of 
the external standard (ESTO) report is shown in Appen­
dix B. 

13. Any sample with unidentified or coeluting compounds 
should be analyzed by GC/MS to confirm the identifica­
tion of compounds. See Table VII-1 for a list of 
coeluting compounds. Purgeable C has no coelution 
compounds although the methanol solvent peak may 
interfere with quantitation. 

14. Once an unknown or co-eluting compound is identified 
by GC/MS, it can be quantitated by GC/MS calibration 
procedures, or by calibrating the GC with an individ­
ual 3-level standard of the identified compound. 
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Table VII-1. Order of elution for calibration solution con­
taining Purgeable A/B 

Coelution 
Set 1 

Coelution 
Set 2 

Coelution 
Set 3 

methylene chloride 
1,1-dichloroethylene 
bromochloromethane surrogate 
1,1-dichloroethane 
trans-1,2-dichloroethylene 

chloroform . 
1,2-dichloroethane 
1,1,1-trichloroethane 
carbon tetrachloride 
Bromodichloromethane 

r-r,2-dichloropropane . 
f_!rans-1,3-dichloropropene 

trichloroethylene 

benzene 
chlorodibromomethane 
cis-1,3-dichloropropene 

_!,1,2-trichloroethane 

2-chloroethylvinyl ether 
bromoform 

1
-retrachloroethylene 
_!,1,2,2-tetrachloroethane 

toluene 
chlorobenzene 
ethylbenzene 
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15. The ESTD report results, which give the amount of any 
identified VOC in nanograms (ng), are used to calculate 
the final concentrations of VOC in the sample as 
follows: 

For aqueous samples: 

amount of compound (ng) ng 
compound concentration = 

(in ppb) 

For soil/sludge samples: 

compound concentration = 
( JJg/kg) 

= 
sample aliquot (ml) ml 

.. 
' 

amount of compound (ng) lJg 
= 

weight of sample (gm) kg 

16. If there is no observed peak at a standard compound 
retention time, or the quantitated concentration of a 
compound peak is calculated to be less than the estab­
lished method detection limit, the concentration of 
that compound should be recorded as "below detection 
limit (BDL)." 

17. If it was necessary to analyze and quantitate coelut­
ing or unidentified peaks using GC/MS, the GC/MS 
method detection limits should be used for those 
compounds. Please note that all samples will be 
screend for acrolein and acrylonitrile using GC/MS 
(EPA Method 624). If present, these two compounds 
will be quantitated using EPA Method 603. 

18. All final concentration data for the VOC's in each 
sample should be recorded in the appropriate analysis 
data book, along with the date of the analysis, sample 
ID, and analyst name. All data must be checked by the 
OC/OA officer. 
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VIII. QUALITY CONTROL/QUALITY ASSURANCE 

A. OVERVIEW 

This laboratory is required to operate a formal quality 
control program. The minimum requirements of this program 
consist of an initial demonstration of laboratory capability 
and an ongoing analysis of spiked samples to evaluate and 
document data quality. The laboratory maintains records to 
document the quality of data that is generated. Ongoing data 
quali.ty checks are compared with established performance cri­
teria to determine if the results of analyses meet the per­
formance characteristics of the method. The procedures for 
validating laboratory data and monitoring laboratory performance 
are presented in Appendix o. (Presented are the statistic.al 
acceptance criteria forms used for VOC data validation). 

When results of sample spikes indicate atypical method 
performance, a quality control check standard is analyzed to 
confirm that the measurements were performed in an incontrol 
mode of operation. 

The analyst makes an initial, one~time, demonstration 
of the ability to generate acceptable accuracy and precision 
with this method. This ability is established as described in 
Section B. 

Each day, the analyst analyzes a reagent water blank 
to demonstrate that interferences from the analytical system 
are under control. 

The laboratory spikes and analyzes a minimum of 10% of all 
samples to monitor and evaluate laboratory data quality. The 
procedure is described in Section C. 

The laboratory, on an ongoing basis, demonstrates 
through the analyses of quality control check standards that 
the operation of the measurement system is in control. This 
procedure is described in Section D. The frequency of the 
check standard analyses is equivalent to 10% of all samples 
analyzed but may be reduced if spike recoveries from samples 
(Section C) meet all specified quality control criteria. 

The laboratory maintains performance records to document 
the quality of data that is generated. This procedure is 
described in Section E. 
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B. INITIAL DEMONSTRATION OF.ANALYTICAL ABILITY 

To establish the ability to generate acceptable accuracy 
and precision,.the analyst perfoL~s the following operations: 

1. A quality control (QC) check sample concentrate is 
required. The QC check sample concentrate is obtained 
from the u.s. Environmental Protection Age~cy, Environ­
mental Monitoring and Support Laboratory in Cincinnati, 
Ohio, if available. If not available from that source, 
the QC check sample concentrate is prepared by the 
laboratory using stock solutions prepared independently 
from those used for calibration. 

2. An~lyze four 5-mL aliquots of the well-mixed OC check 
sample according to Chapter VII. 

3. Calculate the average recovery (X)in ~g/1, and the 
standard deviation of the recovery (s) in ~g/L, for 
each parameter of interest using the four results. 

4. For each parameter compare s and X with the correspond­
ing acceptance criteria for precision and accuracy, 
respectively, found in Table VIII-1. If s and X for 

·all parameters of interest meet the acceptance cL·t teria, 
the system performance is acceptable and analysis of 
actual samples can begin. If any individual s exceeds 
the precision limit or any individual X falls outside 
the range for accuracy, then the system performance is 
unacceptable for that parameter. 

NOTE: The large number of parameters in Table VI-1 
present a substantial probability that one or 
moe will fail at least one of the acceptance 
criteria when all parameters are analyzed. 

5. When one or more of the parameters tested fail at 
least one of the acceptance criteria, the analyst must 
either locate and correct the source of the problem 
and repeat the test for all parameters of interest 
beginning with Section B-2, or beginning with Section 
B-2, repeat the test only for those parameters that 
failed to meet criteria. Repeated failurer however, 
will confil~ a general problem with the measurement 
system. If this occurs, locate and correct the source 
of the problem and repeat the test for all compounds 
of interest beginning with Section B-2. 
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Table VIII-1. Cal ibi·atTon and OC acceptance ct·i teria 

-----------------

Param.ler 

Bromodochlofomeltlane ........ .. ....... .. .... . . . . .......................... ........................................ . ................ · · ·· ......... · ·· · .... .. 
Bromolonn.... .... .................... ........... ........................................... ............................................. ............... .... . ................... . 
Bromomelhane..................... ..... ...... .. ................................................................................... ................. .. ................. . 
C.rbOn lelladllonde....................... ... . ....................... ...... ......................... ......... ... .. ........... ······· ·.. . .......... . 
0\k:vobetu- .................................. . ............................................................................................... ........ . .................... . 
0\k:vo.Ctlane ....................................... ... . .................................. ...................................................... ...... ......... . ..... · · ...... · ·· ............ . 
2..Qllofo.~ alhef ........................................................................................... ._ .................................. ··· ........ . ................... .. 
Dllofolonn .... .................. .................... . . ........... ..... ...................... ..................................................................... . . ... . ... . . . ................. .. 
Dliofomelhane ................................................................................ -. .............................................. · ............... . ............................... . 
OoOtOmocniotomedlane ............................................................................................................................... ··· ··· · · .. · ··· ....................... . 
I .2·0octlloroberu-.... ,...................... . ...................................................................................... ................. . ............................. . 
I .3-Dichlotoberu-............................... ......................................................................................................... ····· .................... . 
I. 4 ·Oictllotobenz-....................................................................................................................................... . .... . . . ........................ . 
I. 1 -Oochloro.Ctlane ...................................................................................................................... ·· ·· ···· .. · ··· ...... · ···· · · · · · ....... · ........... .. 
1.2-Dochlofo.Ctlane ...................................................... -.................................................................................. . ............................. . 
I. I ·Oochloro.lhene ............................ ... ..... ................................................................................ ........ ......... . . .. . ....................... . 
lr ana· I .2 ·Oochloto.lhetle. ..... ............... . ... . . . ... ................................ ........................... ............... ... . . . . . . . . .. . .. . . . . . ...... . . . . . . ..... . 
I .2·0ochloroptopane ............... .......... . . .... ............................................ .......................... ..... .. . ... . . . . ......... . ................... . 
Cla-l.l·Oocnloroptopene ................... . ............................................................................................. ;. .......... . . .. . . ...................... . 
1r ana· 1 .3-0ichlofoptopene ............... . ................................................................................................ · ......... . ............................ . 
t.Aathytllne chloOde ............................. .. . . ...... . ................... ............ ............................ ....... . ....... ·· · ..... · · ··· · · 
I, 1.2.2· T ellachlofo.lhane ........................................................................................................................ . 
T ellachlofo.lt.ene ............................ ............................... .... ................... .... .... .......... . ... .. ...... . 
1 .1.1· T nchlofo.~t~ane ....................... . ........................... . . ............................... .. 
1 .1.2· T ndllorHCtlane ....................... ........ .......................... .. .................................................. · ................ · 
T l'ldlAofo.lheoe ................................... . ......................................................................................................... .. 
T nchlotolluotomeltlane ................... . 
Vw¥ cNonde........ ........ ................... .. ...................................................................... ..... .. . ....... -- ....... . 

BenJ-... .. . ................................................................................................................................................................... . 
Ch&orot-11- ....................................................................................... . 
1.2-0ochlotot-\J-.................................................. ; ......................... . 
1,3-0.Chlofobenlene .......................................................................... . 
1 ,4-0.Chlorobenlene ......................................................... ; .................... . 
Elh~ene ................................................................................... . 
Tol.-.e. . ............................................................................... . 

Oa.Concentralion m.aauted in 0C c:hedl aample,ln I'Q/L 
t - Standard deviation ol lour r~ m.aawementa. en I'G'L 
lt • Avtlfage reco>lety lot lour feotJvety rMaautemenll, in I'Q/l 
P P E Pllfcenl tec4Yety meaiUied 
• ~ ....... .,. calculated •numioo • ac c:hed aample conc.nlfabOn ol 20 ,.g/L. 

' ' ' 

Range lot 0 
c,&g/LI 

IU-2U 
IU-2U 
11.7-21.3 
t3.7-2t.3 
IU-25.1 
15.4-2U 
12.0-H.O 
15.0-25.0 
11.1-HI 
13.1·2t.t 
l4.0-2t.O 
11-30.1 

13.1-2t.1 
1u-n.2 
14.3-25.7 
12.~27.4 
12.1·27.2 
14.1-25.2 
12.1-27.2 
12.1-272 
15.5-24.5 
11·302 

140-2t0 
IU-251 
15.7-243 
IU-141 
IU·2t 7 
IU-2t3 

IU-24.1 
11.1-n.t 
13.~2U 
14.5-25.5 
13.1-2t.l 
121-27.4 
15.5-24.5 

Limlllot. Range fof a I Ra~ P, 
ClagiLt c,&gllt P. tL I 

4.3 10.7-32.0 42-172 
4.7 5.0-H.3 13-Ut 
u 3.4-24.5 0-144 
5.1 11.1-25.3 43-143 
5.0 10.2-27.4 36-150 
u 11.3-25.2 4~137 
u 4.5-35.5 14-111 
u 12.4-24.0 41-133 
7.4 0-34.1 0-183 f u 7.1-35.1 24-IPI a. u U-31.8 0-20e :1 
t.l 1.2·32.1 7-117 

f u 11.5-25.5 42-143 
:u IU-24.4 47-132 i' 5.2 13.0...2t.5 51-147 ... IU-27.3 21-117 m 1.4 I 1.4-27.1 31-155 :a u 10.1-H.t 44-154 c 

:;· 
7.3 1.2-33.1 22-171 0 

7.3 1.2-331 22-111 
:a 
3 4.0 7.0-276 25-112 ! u •. ~311 1·114 ;_ 

5.4 t.I-HI 2t-182 
4.1 10.1-2u I 41-131 ell 

< u 1.&-254 31-llt ~ 
u U-2tll 35-UI • 3 1.0 7.4-H.I 21-154 .. 
u 1.2-H.t 21·1&3 

4.1 10.0-27.1 le-150 
u 12.7-25.4 55-135 
u 10.~27.1 31-15-4 
5.0 12.1-25.5 50-141 
u 11.1-25.5 42-143 
u 10.0-212 32-160 
4.0- IU-27.7 41-141 
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C. ANALYSIS OF QUALITY CONTROL SPIKES 

The laboratory, on an ongoing basis, spikes at least 
lQ% of the samples from each sample site being monitored to 
assess accuracy. If only one to ten samples are analyzed 
per month, at least one spiked sample per month-is required. 
The analysis of the spike proceeds as follows: 

1. An aliquot of a sample which has already b~en analyzed 
is spiked with a QC check standard containing 20 ppb 
of each parameter for purgeables A and B and 200 ppb of 
each parameter for purgeable. c. This QC check standard 
is prepared separately from the standard used in the 
calibration table. 

2. Analyze this spiked sample to detet-mine the concentra­
tion after spiking (A) of each parameter. Calculate 
the percent recovery P as 100 (A-B)%/T, where T is the 
known true value of the spike and B is the background 
concentration of the parameters calculated when the 
sample (without the spike) was analyzed. 

3. Compare the percent recovery (P) for each parameter 
with the corresponding OC acceptance criteria found in 
Table VIII-1. These acceptance criteria were calcu­
lated to include an allowance for error in measurement 
of both the background and spike concentrations, 
assuming a spike to background ratio of 5:1. This 
error will be accounted for to the extent that the 
analyst's spike to background ratio approaches 5:1. 

4. If any individual P falls outside the·designated range 
for recovery, that parameter has failed .the acceptance 
criteria. A check standard containing each parameter 
that failed the criteria must be analyzed as described 
in Section D. 

D. PROCEDURE FOR PARAMETERS WHICH FAILED CRITERIA 

If any parameter fails the acceptance criteria for recovery 
in Section C, a QC check standard containing each parameter 
that failed must be prepared and analyzed. 

NOTE: The frequency for the required analysis of a QC 
check standard will depend upon the number of 
parameters being simultaneously tested, the com­
plexity of the sample matrix, and the performance 
of the laboratory. If the entire list of parameters 
in Table VIII-1 must be measured in the sample in 
Section C, the probability that the analysis of a 
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OC check standard will be required is high. In 
this case, the OC check standard is routinely 
analyzed with the spiked sample. 

1. Prepare the OC check standard. The OC check standard 
needs'only to contain the parameters that failed 
criteria in the test in Section C. 

2. Analyze the OC check standard to determine the concen­
tration measured (A) of each parameter. Calculate 

each percent recovery CPs) as 100 (A/T)%, where T is 
·the true value of the standar9 concentration. 

3. Compare the percent recovery CPs) for each parameter 
with the corresponding OC acceptance criteria found in 
Table VIII-1. Only parameters that failed the test in 
Section C need to be compared with these criteria. 
If-the recovery of any such parameter falls outside 
the designated range, the laboratory performance for 
that parameter is judged to be out of control, and the 
problem is immediately identified and corrected. The 
analytical result for that parameter in the unspiked 
sample is suspect and will not be reported for regula­
tory compliance purposes. 

E. METHOD ACCURACY CHECK 

As part of the QC program for the laboratory, method 
accuracy for wastewater samples are assessed and records 
are maintained. After the analysis of five spiked wastewater 
samples as in Section c, calculate the average percent recovery 
(P) and the standard deviation of the percent recovery (Sp>· 
Express the accuracy assessment as a percent recovery interval 
from P- 2Sp toP+ 2Sp• If p • 90% and Sp • 10%, for example, 
the accuracy interval ls expresed as 70-llD%. The accuracy 
assessment for each parameter is updated on a regular basis 
(e.g.,_ after each five to ten new accuracy measurements). 

F. ANALYSIS OF SURROGATES 

The analyst monitors both the performance of the analytical 
system and the effectiveness of the method in dealing with each 
sample matrix by spiking each standard, reagent water blank, 
and 10% of all samples with a surrogate ha·locarbon. See Chapter 
V!, Section A for the preparation of this surrogate. 
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G. ADDITIONAL QC CHECKS 

_ The laboratot~ has adopted additional quality assurance 
practices. Field duplicates are analyzed periodically to 
assess the precision of the environmental measurements. When 
doubt exists over the identification of a peak on the chromato­
gram, confirmatory techniques using GC/MS are used. One level 
of the calibration curve is analyzed periodically as a calibra­
tion check. 
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IX. METHOD DETECTION LIMITS 

The procedure used for determining method detection limits 
(MDLs) of VOC's is specified in Appendix B, 40 CFR 136-"Methods 
for Organic Chemical Analysis of Municipal and Industrial 
Wastewater," EPA (FR 49 26 October 1984). A copy of this 
procedure is attachedas Appendix c. 1• 

The MDL for VOCs in aqueous and sludge/sediment samples·as 
determined by the laboratory based on historical data are 
presented in Table IX-1. 

IX-1 
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Minimum Detectable Levels of VOC's in Aqueous 
and Solid Samples Based on Historical Data. 
I 

COMPOUNDS 

acrolein 

aceyloni trile 

benzene 

bromodichloromethane 

bromoform 

bromomethane 

carbon tetrachloride 

chlorobenzene 

chloroethane 

chloroform 

chloromethane 

2-ehloroethvlvinv1 ether 

cis-1,3-dichloroethJ[1ene 

cis-1,3-dichloropropene 

dibromochloromethane 

1,1-dichloroethane 

1,2-dichloroethane 

1,1-dichloroethvlene 

1,2-dichloroorocane 

ethvlbenzene 

methYlene chloride 

1,1,2,2-tetrachloroethane 

tetrachloroethylene 

toluene 

trans-1,2-dichloroethvlene 

trans-1,3-dichloroorooene 

1,1,1-trichloroethane 

1,1,2-trichloroethane 

trichloroethylene 

vinyl chloride 

1 cis-l.2-dich1oroethy1ene 
I 

c bl I 

• Determined in reagent water 

MOL 

Aqueous• Solids I 
(ppb) c "g/lcg > I 

I 
5 100 

5 100 

0.2 20 

2 50 

4 50 

100 100 

3 30 

0.2 20 

100 100 

1 20 

100 350 

2 20 

0.5 20 

0.5 20 

2 20 

0.5 20 

0.5 20 

o.s 20 

o.s 20 

0.4 20 

0.2 20 

o.s 20 

0.4 20 

0.2 20 

0.2 20 

0.4 20 

1 20 

o.s 20 

0.2 I 20 

100 350 

o.s 20 
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X. MAINTENANCE 

Routine maintenance for the 5880 Hewlett-Packard gas 
chromatograph should be carried out according to the schedule 
in Table X-1. For additional directions refer to the opera-
tions manual for the instrument. · 

Routine maintenance for the 7675A purge and trap sampler 
should be carried out according to the schedule in Table X-2. 
For additional directions, refer to the operations manual for 
the instL-ument. ' 

A. 5880 HEWLETT-PACKARD GAS CHROMATOGRAPH MAINTENANCE 

l) MAINFRAME MAINTENANCE 

The instrument's exterior should be wiped clean with a soft 
cloth, dampened with waL~ water and a mild detergent or 
soft soap. An excessively wet cloth could allow water to 
penetrate inside the instrument, and this should be avoided. 
Abrasive cleansing agents should not be used. 

2) AIR FILTER CLEANING/REPLACEMENT 

The filter on the inside of the right side panel of the 
mainframe can be cleaned or replaced. A vaccum cleaner may 
be used to clean the filter witho~t removing the panel. 

3) TERMINAL MAINTENANCE 

The exterior of the functional terminal should be wiped 
clean with a soft cloth dampened with warm water and a mild 
soap or detergent. An exces~ively wet cloth could allow 
water to penetrate inside and this should be avoided. 
Abrasive cleaning agents should not be used, especially not 
on the clear plas~ic window. · 

4) ·PRINTHEAD CLEANING 

The 5880A printhead may require periodic cleaning to remove 
built up paper fibers. This build up, if not removed, will 
reduce the print quality, and may even cause a decrease in 
printhead life. Clean with a wet cotton swab or paper 
tissue in alcohol, making sure that printing/plotting is 
not occurring. Raise the head slightly off the roler, and 
wipe the· side of the head which noL-mally contacts the paper. 
The GC need not be turned off for this cleaning, but no run 
or report should be in progress which might cause the unit 

X-1 
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Table X-1. Maintenance -gas chromatoqraph 

'l:YPe of Maintenance Interval 

1) Mainframe cleaning as needed 

2) Air filter cleaning as needed 

3) Terminal cleaninq as needed 

4) Printhead cleaning as needed 

5) CTU cleaning weekly 

6) Flow leak check daily 

7) Column conditioning as needed 

8) Moisture trap conditioning 2 months 

9) Chemical trap conditioning 2 months 

10) Septa change . as needed 

11) Injection port cleaning as needed 

12) FID cleaning 6 months 

X-2 
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Table X-2. Maintenance schedule - purge and trap 

Typ~ of Maintenance 

1) Repack Tenax trap 

2) Bake out Tenax trap 

3) Turn lower valve 

X-3 

Interval 

as needed 

d~ily 

daily 



Martin Marietta Environmental Systems 

to want to begin printing while the cleaning is being done. 
The head itself will not lift very far off the paper, less 
than 1/2 em, but this should be enough for cleaning purposes. 

5)" CTU CLEANING 

Dip a swab into the bottle of head cleaning solvent to 
saturate the swab. Hold the tape unit door open and clean 
the head with a back-and-forth motion of the swab (not an 
up-and-down motion). The head is the shiny su~face at the 
back of the transport. Take a dry swab, and wi~e the head 
clean with a back-and-forth motion (not an up-and-down 
motion). 

6) FINDING AND ISOLATING FLOW SYSTEM LEAKS 

Leak tests should be performed after changes or repairs 
have been made to a flow system and are useful as a diagnos­
tic tool when a pneumatic malfunction is suspected. 

a) Cold Fittings. A soap solution (Snoop~ leak Detection 
Fluid is recommended) applied to a cold fitting udner 
pressure will bubble if a leak of any significance is 
present. Bubbles observed within a minute indicate a 
leak that should be fixed. 

b) Hot Fittings. To check hot fittings, a·pressure drop 
method is required. In this method, one attempts to 
observe a pressure drop within sealed flow line. Some 
leaks are thel~ally induced (usually at fittings inside 
the column oven) and may not be found readily unless 
the oven is at operating temperature. (This type of 
leak may cause drift, noise, and ghost peaks.) For 
details refer to 5B-5 _of the operations manual. 

7) COLUMN CONDITIONING 

A column may, over time, accumulate undesirable impurities. 
The purpose of conditioning is to drive off any unwanted 
volatiles and make the column ready for analytical use. 
The conditioning procedure is as follows: 

• Key all detectors off. 

• Turn off gases or remove the septum retainer nut to 
reduce pressure applied to the column. 

• Connect the column to the injection port. Do not 
connect the detector end. 

X-4 
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• Establish a stable flow through the column. Helium is 
the preferred carrier gas to use for any type of column 
conditioning, although dry nitrogen is generally adequate 
for conditioning packed columns. 

• Heat the column compartment to 100°C for about one 
hour. Then raise the temperature slowly to the 
conditioning temperature. The conditioning temperature 
should be no greater than the published max~mum 
temperature of the column, which is about 30°C above 
the expected operating temperature. · · 

Continue to condition the column overnight. If the 
conditioned column is not going to be used, remove if 
from the oven after conditioning. If the column is 

8) CONDITIONING MOISTURE TRAPS 

All •s• shaped traps are designed to be easily conditioned or 
regenerated. Simply disconnect the trap at the bulkhead 
union end and pull it around to the front of the instrument. 
Insert the trap, with the gas service tubing till connected 
to the gas supply in to the oven and close the door securely. 

Adjust the carrier gps flow rate to 60 ml/min. Then set. 
the oven temperature to 350°C (for Molecular Sieve SA~). 
Condition overnight. 

9) CONDITIONING CHEMICAL FILTER~ 

The chemical filters are located in a tray on top of the 
mainframe, just to the right of the detector zones, as one 
views the instrument from the front. Their function is to 
remove any bleed of plassticizers, etc. from the flow 
controller diaphragms and to trap flashback of chemicals 
from the upstream end of the carrier flow systems. 

Chemical filters cannot be repacked, but are replaced when 
necessary. (The packed assembly is part no. 19362-60500). 
In some cases, however, a chemical filter may become 
overloaded with moisture because the •s• moisture trap is 
not functioning properly. If this occurs, remove the 
filter from its installed location. Connect one end to a 
helium or nitrogen supply. The other end is vented. 

Place the filtr in the column oven and set the oven 
tempe~ature to 350°C. At the same time establish a gas 
flow of 100 ml/mn through the filter. Condition the filter 
for at least two hours. ) 

If the conditioned filter is not for immediate use, cap 
both ends (wrench tight) and store until needed. 

x-s 
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10) SEPTUM CHANGE 

The septum should be replaced when the purge and trap unit 
is attached to the gas chromatograph. 

Install the septum with the costed (shiny) side down 
(toward the injection port). This is important since it 
is the Teflon• coating that substantially reduces septum 
bleed and the related background noise. Allow:~he injection 
port to reach operating temperature and then hadn tighten 
the septum retainers to a firm elastic fit. 

11) INJECTION PORT CLEANING 

Remove the septum retainers and disconnect the columns at 
the injection port. Shine a flashlight up into the port. 
If there is any evidence of fouling or deposits, the 
injection port should be cleaned. 

Wash with an appropriate solvent until the deposits have 
been removed. Dry with compressed air before reassembling. 

12) DETECTOR CLEANING 

The tip of the jet and the collector bore of flame detectors 
require occasional cleaning due to the presence of deposits. 
Inside the collector, these deposits usually consist of 
white (silica) or black (soot) coatings. Loosen the two 
screws of the FID castle assembly and lift it away from 
the detector base. 

The castle assembly should be further disassembled into 
its two subassemblies: collector and ignitor assemblies. 
This is done by loosening the setscrew located on the side 
of the ignitor housing with a 1.5-mm hex key. 

Using low velocity clean air, blow loose powdery deposits 
from the inside of the collector. After washing, use the 
air to dry the collector. 

Wash the collector in distilled water, hexane or methanol. 
Use the provided cleaning brush to scrub the interior of 
the collector. Jewelers rouge can be used to remove 
deposits from the ends of the collector that are difficult 
to t:emove. 

Replace the collector assembly's sealing gaskets as 
illustrated on page D-78 of the operations manual. 

Using a 1/4-in. hex nut driver, unscrew and remove the jet 
assembly from the detector base. 
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The jet is available in different bore sizes: .011-, 0.18-, 
or 0.30-in. Force an appropriate size cleaning wire 
through the jet to remove inernal deposits. Clean both 
the internal bore and the exterior of the jet with a 
cleaning solution (50% methanol and 50% acetone)). Dry 
the jet with low velocity clean air. 

Clean the detector base cavity where the jet is installed 
using a swab and compressed air. 

Reinstall the jet and the castle (collector-igditor) 
assembly. Attach the J2 connector onto the detector board. 
Be certain that the spring contact on the contact rod of 
the detector board makes good connection with the groove 
of the collector assembly. 

Install all covers and panels. 

Establish gas flows as required and bake the detector at 
250°C for about two hours. 

B. PURGE AND TRAP MAINTENANCE 

1. REPACK TENAX TRAP 

Remove the trap safety plate by unscrewing the two flat­
head screws which hold it in place at the top of the plate. 
Set the plate and screws aside. 

• Loosen the top 1/16• Swagelok fitting by holding the 
center nut with a 1/2" wren'ch and turning the top nut 
counterclockwise. Pull the tube out of the trap. 

• Loosen the bottom 1/16• fitting using two 5/16n 
wrenches. Pull out the lower tube. 

• Place the left hand on the trap plate. Rest the 
fingers on the pivot corner and push to the left on 
the thumb corner. 

• Remove the trap with the right hand. 
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NOTE 

To loosen the heater cartridge, push the 
thumb corner harder and hold it while the 
heater is removed or adjusted. The heater 
must be carefully centered to prevent 
interference with the trap fittings and to 
insure that no more than l/8" of the metal 
cartridge is exposed to air. 

Empty the Tenax from the trap. Replace with 0.2000 g of fresh 
Tenax and plug both ends with glass wool. Replace trap in the 
unit and recondition overnight at 200°C. 

2. BAKE TENAX TRAP 

At the beginning of each day of operation, the Tenax trap 
should be baked for ten minutes. This is done as .follows: 

Turn on the purge and trap unit. Set Purge Time at 
0, desorb time at 0 and vent time at 10. Press Ready. 
The cycle will be complete when a hissing sound is 
heard. 

3. LOWER VALVE STICKING 

Frequently the lower valve will stick instead of turning 
properly for the purge portion of the cycle. If this 
happens, the valve must be turned with a screwdriver. The 
valves must be checked at least once eac~_day. 

X-0 
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APPENDIX A 

Troubleshooting Guide 

A-1 
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Appendix A. Troubleshooting guide 

SlMPIOt SCJJlla! OF PR:'St.E:M ~~ 

1. R1Qh baseline value - c:cnt&nated GC ccl\l!ln - bake ccl~J~m 
(>20) at 40-c 

- cone.inated molecular - bake out l.a.rc;e "S• trap 
U.V.. en carrier qu en carrier ~as tank 
line nqulator and small c:heai 

tnQa Yndllr tCQ plate of GC 

2. Gr'adual elevation of - CXl~ bleed - ~ a •ccluna caupiiitSated• 
bueline durin; r.m bueline 

- bake out cclua!n longer 
(...Ci&ll.Y if MW) 

3. ~ales in blank rwn - TenD t:nQ contaalination - bake out Tenax trap en 
vent c:ycle Pf.T 

- make fresh reagent water 
- c:cntaalinated water - im;a.u:e reagent water 

4. Ploor ~ raol~o~ticn - CXllua!n deeerlontien - use n.w cclumn 

5. Ploor resccnse/!XlOr - Tenu trao deterioration - repad< the trap with .,..., 
~ ~coduc:i- 60/80 JDeSh TMax and con-
bility dition t:nQ 

- leak in injection MQta - raplM:e. MQta 

- leak in oll.lllbinq - tiqhten and d\ec:X all 
ccnrwc:ticna 

- old standutl 
- u.se n.w standud 

- dirty injection o:xt 
- cleM pert 

- dirty ccli.lan inlet 
and/c:c outlet - cleM inlAtt and outlet 

and ~ olus fiber 
- ~r;a now. coll.al pl.u;s 

- c:alibntion standud - c:bedc aU ga news 
be.l.ow =aa l:allp. and CiCI&'nCt when 

necesaary 

- Wl:lll standard in trap 
bitten~ 

6. No peakS - rm not or - ~:.azn en 

- ~ and t:nQ valvws - ~:.azn •stidcy• Y&lw 
did not r:ot:ate durlnq with scnwiiwr r::o 
~ c:ycle l.coMn 

- leak in TMax eartrldc;e - tighten and c:hedc 
=nnec:eicnl 

7. eueline soilces - dirty CXlll.lllt - bake cclumn at 220• for 
2o-30 lllin • 

• a. rm does not light - ~r 1'\2 at air flov - ehedc and adjust !!lows 

- leeJC at base ot FID - tiqt\ten FID -
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APPENDIX B 

-Standard Chromatogram (Purgeable A and B) 
and ESTD Report 
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Standard Chromatogram (Purgeable A and B) 
and ESTD Report 
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APPENDIX C 

Definition and Procedure for the Determination 

of the Method Detection Limit 

• 
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\ppeadlx B to Put 136-0eiiDidoa aad 
Jlracadun f« the O.termiudoa of the 
Method Detectioa Llmit-ReWioa U1 

a.{"lllilion 
ne metJaoc~ detecdoa limit (MDL) 1a 

defined u the llliaiaawll conc:eatratioa of a 
10batance that c:aa be IIMiuund ud nported 
with .,. conlJdenca that tha aaalyte 
coaceatradoa la pwater thaa :uro Uld la 
cletenaiaed froat aaalyaia ol a aample Ia a 
pYa matrix coataiaiq the aaalyte. 

St:tJp. - App/k:tltioa nu. procedure la d..faa-d for appUcabtllty 
to • .net. ftrietJ ot ... p1e tJpee I'UI8ial 
tra.. raapat (blukJ ._.._ coat&Udq 
aaalyte to wu&ewea.r coataildas aaalyte. 
11M WilL lor aa aaalytical pracedaN may 
.,_, u aluacdoa ol ... ,Je tJpe. 'Ihe 
pracedare req1dra • c:oaaplete. apecUic:, aad 
w.n deilaed aaalydcaliiMithod. It la ...... dal 
that aJl .... p~e proc:eaUic atepa ol the • 
aaalydcalmetbod be laduded Ia the 
determia.ldoa ol tha IIMtbod detactlaa limiL 

11le MDL obtained by thfa pracldun la 
uaed to judp the eipfftc:.acr ol a aiacle 
meaauremeat ol a futun ... ple. 

Tba MDL procedure waa daiped Cor 
applicability to a broad variety of phyaical 
and chamicalmethoda. To accompUah thia. 
the procedun waa made dnice- or 
ialtnuDent•iadepeadeaL 

'roc«Jilft 
L Maka aa admate ol the detac:Uoa limit 

111in1 oae of the CoUowiq: 
(a) The coacaatratioa 'lllue that 

cort"aponda to ... iaiCI'WIIellt lipal/aoiae Ia 
the ran• of %.5 to 5. 

(bJ ne coac:aatratioa equ~YaJeat oe three 
timel the etaadard dniatioa of repUcate 
ialtnuDeatal mauuremeall of the aaalyte Ia 
raateat water. 

(c) nat rewioa ol the ataadad carw ..... 
then la a aipiftc:aat chanp Ia aeuiti'lfty, 
Le.. a break ia the t1ope of the ataadad 
C1U"te. 

(d) laatnuDeatallimitatloaa. . 
It la NCOplized tbat the experteace ol tha 

aaalya la lmpartaat to thia proc:ea. 
Howner, the aaalyat mlllt l.adude the abow 
coaaidaratioaa Ia the laidal ntimate ol the 
detec:Uoa limit. 

z. PNpare rnpat (bleak) wata' that la u 
hw ol aaalyte u pouible. R.asat or 
latanerance rna water la defiDed .. a .... 
Nmple Ia which aaalyta and latanenat 
conceatrationa are not detected at the 
method detection Ulllit ol uch analyte of 
lntereaL later!enac:a ara defined u 
ayatamatic lft"'n in the meaaured aaalyUcaJ 
aipal ol aa ntabUahed procedure cauaed by 
the prnenca o( lnter!erinc apecia 
(lnter!ermtJ. The lnterf'ermt c:oncatradoa Ia 
prauppoaed to be normally dlautbuted Ia 
tepi"'Mfttative Nmpla ol a pven matzix. 

3. (a) 11 the MDL la to be determiaed Ia 
tpDt (blank) water, prepare a laboratory 
,aderd (analyte Ia reagent water) at a 

JaCaatration which Ia at leaat equal to or Ia 
dla aame concentration ranae •• the 
ntimated method detection limiL 
(Recommend betWftn 1 and 5 tima the 
ntimated method detection ll.m.iL) Proceed to 
Step 4. 
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(b) 11 the MDL Ia to be determined Ia 
aaother Ample matrix, analyze the Nmple. If 
the mee!IW'ed lnel o{ the aaalyte la In the 
rwc::oauaeaded ranp of oae to five t1ma dle 
ntimated detecUoa lfmiL proceed to Step 4. 

If the meeaured level ol analyte la 1 ... thea 
the .. u..ted detec:tioa limit. add a knowa 
amount ol aaalyte to brine tha level o{ 
aaalyte betweea oae Uld ftve tmia the· 
ntimated detecdoa limiL .. 

If the llleUUI"ed level of aaalyte ta"pwattir 
thaa 0.. lima the admated detecdoa limit. 
......... two opt1oa&. 

(1) Obtala aaatber aample with aloww 
lewl ol aaalyte Ia the .... matrix If , 

~~ -~ aiay ~-aed ula for 
cJet.miaiac the IIMtbod "Ciatactsoa limit if the 
aaalyte left~ ... aot axceeclto times the 
MDL ol the aaal~ Ia raqeat water. 'Ihe 
'lariaace ol the aaalyticalmatbod dwlpa u 
the aaalyte caacaatradciii lacreaaa from the 
MDI. heace tha MDL detarmilled uader theM" 
circlllllltaacea may aot truly railect method 
'lariaace at loww aaalyte coacaatntiona. 

4. (a) Take a minimum of enea .Uquota of 
.dae Ample to be uaed to calcu.late the method 
detectioa limit and procaa each throush the 
eadn analytical method. Make all 

· compatatioaa ac:c:otdlq ta the dermed 
aMtbod with fiaa1 raaulllla the method 
NPQI'dq uaill. If a blaak maaaunmeat Ia 
Nqaind to calCIIlatit the maaaured lave! ol 
aaalyte. obtain a aaparate blank 
~~~U~Ura~Dent for each aample aliquot 
aaalJSed. The averap blaak meaauremant ia. 
IUbtracted from the raapecd•e aample 
........ ll. 

(bJ It IIIAJ be acaaaaUcalJy aad techaicaUy 
cSe.inble to ewalute the eatimated method 
detec:Uoa limit before procaed.ias with 4&. 
Tlala wfD: (1) Prftat repeatiq thla eadn 
procedure whea the coati of aaalyan are 
hislt aad (%) laaan that the proc:edara Ia beiq 
oaaducted at the cornet caacaatratioa. It Ia 
qtdte poaible that aa lailated MDL wiD be 
caJcalatad froat deta obtained at 1111J11 timea 
the rn1 MDL"- tboqia tha lnal ol aaalyte 
a. len thaa lift lima the c:alcaJated method 
dettte:Uoa llmiL To l.naure that the ntimate of 
the ...chad cletdoa limit la a aood ntimate. 
It la DICeUU7 to detenldae that a loww 
COIICIIIItl'adoa ol aaalyte will DOC raaaltla a 
lipUicaady lower method detecdaa limiL 
Tab two aUqaota ol the NIDple to be uad to 
c:a1c:lalate the method detec:tioa limit ud 
procaa each throqh the eadn method. 
lacludina blaak meanrameall aa dnc:ribed 
abaft Ia 4&. Evaluate thae detc 

(1) 11 th ... meanrameata Indicate the 
aample Ia Ia datrable raqe for 
determiaatioa ol the MDI. tab five 
addldoaal .Uquota ud pracaed. UN all 
iewa meanrameata for calculadoa ol the 
MDL. 

(%) ll th ... meuuremeata Indicate the 
Mmple la aot Ia corr.ct raqe. raeatimate the 
MDI. obtaia aew aample aa Ia 3 and repeat 
tither 4a 01' 4b. 

5. Calculate tha vartance (S•) aad atandard 
de¥tadoa (S) ol the repUcate me11urementa. 
u fo11owc 

[~ .... -(: lei 

5 • ()I _tliZ 

··;~, 
b 1~ w era: "! • .; .. 

X.: l•l to a. · ·;are the analytical ra1ulta Ia :.\ 
the ftu1 method raportfnt unita obtalaec 
&om the ll NIDple aUquota and 1 ra!en ~­
to the nm ol the X valuea from l•l tO u.;_, 

1. (a) Compute the MDL aa foUowc . ;.,. 

MDL• tc_.. ........ .. 

where: 
MDL • the method detectioa llmlt .• 
t(..t.a ... ,,., • the atudeata' t value ::; .... 

appropriate for a Ml coaBdenc:e levaJ·:~ 
- ad a ataadard deviation eatimate with"! 

11-1 dqreea o( lraedom. See Table. ·; 
S • 1taadard deviation ol the replicate ' ~ 

aaalyaa. ·I 
(b) The 95" confidence interval eatimatea \ 

!or the MDL derived in 8a are computed 
accordinc to the !oUowina equation• derived \ 
from percentiles ol the chi aquare over \ 
deszoe- ol freedom diatribution (r•/df). 

LCL • o.&4 MDL · 
UC. • 2.20 MDL 
when: LCL and UC. are the lower and 

appar 85" coalldence Umita reapec:Uvely 
baaed oa aevea aliquot&. .. 

1. Optioaal iterative procedure to verify the 
rauoaablea ... o{ the eatimate of the MDL 
ad aubMquaat MDL determlutiona. 

(a) ll thia il dlelaitialattempt to compute ·~ 
MDL baaed oa tha .. tfmate ol MDL • ,.., 
formulated Ia Step L talce the MOL •• 
calculated ia Step I. 1pib !he matrix at the 
calculated MDL and proceea through the 
procedure atattina with Step 4. 

(b) ll thia ia the MCaftd or later iteradoa of.~ 
the MDL calculation. uae S 1 from the CUlftat ·: 
MDL calcu1atioa and S1 &ona the pnrnoua ~ 
MDL calculation to compute the F·ratio. The.~ 
F-ratio la calculated by 111badtutin3 the larger: 
S1 1ato the llumerator S"a aad dle other ·Ia to-~ 
the deDCHiliDator S1a. The computed F·ratio la:· 
dlea compared with the F-ratio found Ia the~;. 
table which ii3.0S aa !ollowc ll S'.J ' -~ 
51

1 <3.05. then conapate the pooled ataaciald-. 
dev;ation by the foUowint equation: : ~~ 

·:~ 

8S'.+8S'• :i1 
s-- [ 1% J ~ : ·~J 

ll S1..1S'1 >3..0S. ~pilce at .the moat rece~t -~~~ 
calculated MDL an4 proceu the aampla ·; 
throqJJ the procedure atarUftl with Step 4.11 
the moat recent calculated MDL doea not . 
permit qualitative identification whea :.~ 
aamplea are •piked at that level. report the ~ 
MDL aa a conc:enlnlion b.tween the CW'T'eDti 
and praviou1 MDL wbicb permit1 qua.llt.ativei 
ldenlir&cauon. -~ ·.' 

(c) u .. the s_ a• calculated In 1b to·.:... 
comp"te the final MDL according to the • ._ 
followtn, equelion: ·";' 
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MDL•z.aet (s_] 

where z.aet Ia equal to tea.. ·- •JIIJJ. 
(d) n. 15" c:oaftdence llmita for MDL 

derind Ill 7c an campatad accardiq to the 
foilowtq equdoaa darived &oaa precentiln 
ol the c:bl aquared aver dqren ol !reedoaa 
dt.tribudoa.. 

LC.-o.nMDL 
UCL-t.a5 MDL 

Wbere La. aad UCL an the lower aad upper 
115" =aftdence llmita respec:Uyaly baaed OD 
14 allquota. . 

TAa.ES ~ ST\JoENTs' t VAWU AT TH~ 99 
PIACENT CCNFioEHOIL.EVa. 

.............. ~ t,.....-.,...... ....... 
~· 

7 • J.1CI 

• 7 .z. ... 
• • UM 
10 • 2.121 
t1 

~ 
Z.7S4 

•• UD2 

" 20 2.521 •• 25 Z.411 ,.. • ZA7 ... • 1.310 
01 01 U2ll 

~ 
't1ae eaalydc:al.metbod 1IMd mu.t be 

epeciftcally ldeatilled by aumber « title and 
die MDL few eacla eaalyte apnaed ill the 
appropriate awthod reportln& u.aita. Il the 
aaalJtlca.l method permita opticma which 
aft'ec:t-tbe awthod detectiOD limit. thne 
caadltfoaa amat be apec:Uled with the MDL 
ftlue. n. aample matrix u.ed to determiDe 
tbe MDL aauat aiM be ideatifted with MDL 
ftlue. Report the meaa aaaJyte level with the 
MDL aad illdlcate If the MDL procedure waa 
iterated. IlalaboratOC'J tlaDdard or a aample 
that coataiaed a kDown amount analyte w11 
ued !OC' thia determination. alto report the 
JDeaD recovery. 

If the level of aaalyte ill the Mmple waa 
below the determined MDL or doet aol 
exc:ead 10 timn the MDL o{ the analyte In 
reepat water. do not report • value ror the . 
MDl. 
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DATA VALIDATION AND PERFORMANCE REQUIREMENTS 
FOR DATA GENERATED FROM VOC ANALYSIS 
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The Martin Marietta Environmental Systems (MMES) analytical 
lab has implemented the following procedure to: 

o Record and document historical QC data 

~ Generate its own acceptance criteria for QC data 

~ Display MMES and EPA acceptance criteria in a readable 
format 

MMES analysts use the acceptance criteria to aetermine if a 
laboratory measurement system has become out of contrbl. When 
QC data indicate a problem, corrective action procedures are 
taken. 

The procedure described in the three steps below must be 
performed by an analyst familiar with statistical methods and 
with the goals of the MMES QA/QC program. Data and statistical 
calculations should be checked. The tables must be filled out 
as completely as possible and documentation must be clear and 
thorough. Each table is for a specific method and sample 
matrix (e.g., solid, aqueous) and data should be entered ac­
cordingly. 

STEP ONE: The purpose of Step One is to record and document 
historical QC data. Perform Step One whenever 

· the MMES lab has generated new QC data. 

A QC data point may be a statistic (e.g., RSD of 
a duplicate). Note: The person who uses this table 
must realize that QC data points that are statistics 
should be treated in the same way other QC data 
points are treated. 

Enter laboratory QC data (e.g., percentage recoveries 
of sludge matrix spikes) in the appropriate MMES 
QC Data Table (Table lb, 2b, 3b, 4b, or 5b). 

Check data for sensibility and completeness. Footnote 
causes of outliers. In calculations, use only data 
that has been shown to be in control. 

STEP TWO: The purpose of Step Two is to generate MMES' own 
acceptance criteria for QC data. Perform Step Two 
after enough study data has been accumulated and 
recorded in the QC Data Table (Step One). Repeat 
whenever 25 new values for a QC measurement have 
been recorded, unless 

' The lab quality assurance coordinator determines 
that fewer than 25 values are sufficient, or that 
more than 25 values are necessary, to generate 
acceptance cirteria, or 
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o A change in method, instrumentation, or personnel 
causes old acceptance criteria to become meaningless. 

In the process of determining acceptance criteria, certain 
ba~ic statistics will have to be calculated. These statistics 
may be useful in themselves and should be recorded in the 
appropriate MMES Statistics Table (Table la, 2a, 3a, 4a, 
Sa, or 6a). 

The following general formulas are used to det~rmine means 
and standard deviations: For a sample with values Y1, Y2,··· 
Yi,•••YN, 

N 

N • the 
number of 
values from 
which the 
calcula­
tions are 
made 

A 

N 
Y =- ( l: Y)/N 

i=-1 

N N 
(t y2) - (l: y)2/N 
i•l i=l 

N-1 

Statistic 

s 

X 
(only for tables 
la, 2a, and Sa) 

reported QC s • 
value (e.g., 
% recovery 
RF) 

the standard 
deviation for 
the OC values 
in the study 

X =- the expected 
QC value = 
the mean of 
X values from 
which the 
acceptance 
limits are 
calculated 

Rejection 
Level 

The QA/QC 
coordinator 
shall set a 
rejection 
level. The 
rejection 
level is 
the proba­
bility that 
good data 
will fail 
to meet 
acceptance 
criteria. 
Labs with 
higher re­
jection 
levels will 
retest more 
data. 
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NOTE: A QC value may be •concentration-dependent• (e.g., a 
response factor may vary according to the concentration 
of the internal standard used; recovery of sample-matrix 
spikes may vary according to the parameter concentration 
in the unspiked sample). In that case, X must be deter­
mined as a function of concentration, c, and s must be 
determined as a residual standard deviation (see Appendix). 
•c• must be clearly defined in the tables. 

The following OC values are used to test accur~cy: 

• the recovery of a sample-matrix spike 

• the recovery of a spike from a blank, 

• the mean recovery in an analyst-ability check. 

For these QC values EPA/MMES set both lower and upper 
accuracy limits. 

The following QC values are used to test precision: 

• the relative standard deviation of the recoveries 
from a split duplicate pair 

• the deviation of a calibration check response factor from 
a calibration curve response fiactor 

• the relative standard deviation of the recoveries in an 
analyst-ability check. 

For these QC values EPA and MMES set an upper precision 
limit. 

Accuracy Limits: For a given QC value X (e.g., the 
factor for a calibration standard) to be considered 
it must be acceptably close to its expected value. 
required that, 

where 

" 

I ,. I X- X < t•S 

response 
accurate, 
It is thus 

( 1) 

X, S = Values entered in Table la, 2a, 3a, 4a, Sa, or 
6a 

t = Student's t value yielding the desired two-tailed 
rejection level, with N-1 degrees of freedom 
(refer to Students t-table) 
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for a 10% rejection level for a 5% rejection level 

N-1 t N-1 t N-1 t N-1 t 

1 6.3 9-15 1.8 1 13 27-at 2.0 
2 2.9 16-120 1.7 2 4.3 
3 2.4 121-8 1.6 3 3.2 
4 2.1 4 . 2. 8 
5 2.0 5 2.6 

6-8 1.9 6-7 2.4 
8-9 2.3 

10-13 2.2 
14-26 2.1 

" i From ( 1) ' the lower limit is X - t •S; the upper limit is + t s. 

Precision limit: All the OC values used to test precision are 
actually measures of imprecision or variation (relative standard 
deviation, relative deviation). An "in-control" laboratory can 
allow only minimal imprecision and thus requires that: 

" X < K•X 

where K = a factor from the table below (these are the square 
roots of respective values from F-tables). 

Rejection 
level 

5% 

10% 

N=3 

4.3 
2.2 

2. 9. 
1.8 

N=6 

2.6 
1.9 

2.0 
1.7 

N=lO N=l5 N=25 

2.3 2.1 2.1 
1.7 1.7 1.7 

1.8 1.8 1.7 
1.5 1.5 1.5 

The top number in each cell = K when X is a deviation 
between two values. 

The bottom number in each cell = K when X is a deviation 
among four values. 

.... 
From the above inequality, the upper limit for X is KX. 

I 

STEP THREE: The purpose of step three is to display MMES and 
EPA acceptance criteria for QC measurements in a 
readable format. Perform Step Three when first 
instituting this procedure, and then whenever Step 
Two is performed. 
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During the interval when MMES has not yet generated 
sufficient data to establish its own QC acceptance 
criteria, it will use the QC criteria established 
by EPA as guidelines. The EPA criteria should be 
written in the appropriate columns of the table 
entitled, STATISTICAL ACCEPTANCE CRITERIA FOR 
VOLATILE ORGANIC COMPOUNDS BY EPA METHODS 601/602 
(Summary Table). Footnote EPA sources. 

When MMES generates limits for accuracy· as part of 
Step Two, they will be entered in the appropriate 
columns of the Summary Table as: 

Lower Limit/Upper Limit (e.g., S.ll.C+.7/ll.2.C+.8) 

When MMES generates limits for precision as part 
of Step Two, they will be entered in the appropriate 
columns of the Summary Table as: 

Upper Limit (e.g., 6.2). 

Units must be indicated. 
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STATISTICAL ACCEPTANCE CRITERIA FOR VOLATILE ORGANIC COMPOUND 
ANALYSIS USING EPA METHOD 601/602 (SUMMARY TABLE) 

Matrix (e.g., sludge, aqueous): 

Ac::ceptanc:e l.imi. t ( s l for: Sample-matrix Spiked-blank II 
Spike Recoveries Rec:overies II (Table lal (Table 2a) 

~ EPA !fliES E:PA MMES 

acrolein 

I aavlonitrile 

benzene 

bralcdichloranethane 

bi:OIDIIethane 

lbranofoz:m 
I I carbon tetrachloride fl 

I I cnlorocenzene 

I I chloroethane 
II 

chloroform (I 

chlOrO!Iethane 

2-chlo~t;.h•{lvir~l ether 

c:is-1, 3-dichloroorocene 

I dibrazcc:hlo~thane 
,1, 1-dichloroethane 

! 
I 1, 2-dichloroethane I i II 

ll,l~ichloroethvlene ll 
1,2-di~li"!P''"l"\rooane 

eth'{lbenzene I 
met.hv lene chloride 

ll, l' 2, 2-tetrachloroethane ! 
tetrachloroethylene I !toluene I 
trans-1, 2-dichloroet.hv lene I 
trans-1,3-dichloroet.hane I 
1,1,1-trichloroethane I I 
1,1,2-trichloroethane 

II 
tric:.hloroethv 1ene I 
vi~l chloride II 

I II 
I I I /I 
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Summary table continued 

Acceptance limit ( s ) for: ~le-ma.Uix Spiked-blank l Spike Rec:overies Rec:overies 
(Table lal (Table 2a) 

c:is-1 2-dic:hloroethv lene 

Units 

Cl!lte tJcdated/!nitial:s I 
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Summary table continued 

Ac:ceptance limit(s) for: Split-Duplicate Instrument Calibration 
Pair RSDs Chedc RDs 

(Table 3a) (Table 4a) 

CDIPCXJND EPA MMES EPA MMES 
. 

acrolein 

'ac:ylonitrile 

benzene 

br:alojichlorcmtthane 

ba:azanethane 

br:a!cform ' 
carbcn tetrachloride 

chlorobenzene 
I I chloroethane 

I I 
chloroform J, I I chloranathane ll 1) 
~2~roe~lvil'l'll ether I I II ! I 

I cis-l,3~ichloroorooene 

dibranoc:hloranathane l 
l, 1~ichloroethane I 
1, 2~ichloroethane 

1 l~ichloroe~lene 
I, 

11,2~ichloroo~ I ll ethv lbenzene I I 
I i 

'I lmathvlene chloride 

ll, l, 2 2-tetra<:hl.oroethane 

tetrachloroe~lene 

' 
toluene I 

,, 
trans-1, 2~ichloroethvlene 

trans-1, 3~ichloroethane 

1,1 1-trichloroethane I I 
1, 1, 2-trichloroethane i 
trichloroethv1ene I 
I vi~l chloride 

! 
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Summary table continued 

Acceptance limit(s) for: spli t-OU-pl ic:ate Inst.r\I!Dent Calibration 
Pair ~Ds Cbec:X ROs 

(Table Ja) (Table 4a) 

cis-1,2-dichloroeth-{lene 

!Units I 
Date Ucdated/Initials I 

----
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Summary table continued 

Acceptance l.imit(sl for: Analyst-Ability-Check Analvst-Ability-Check 
Mean Recoveries asos 

(Table Sal (Table 6al 

cx::MFCXJND EPA liM:S EPA liM:S 

acrolein 

acrylonitrile 

benzene 

bran:xiichloronethane 

bta ........ thane 

bralcfom 

carbon tetrachloride 

chlorobenzene 

chloroethane 
l 

chlorofonn I 

chloranethane 

2-ch.loroe~lvil'1'[1 ether 

ci.s-1, J~ich.lo I 

dibranxhl.oranethane 

1.l~ichloroethane I 
1_, 2~ichloroethane 

1.1~ch.loroethvlene I 

1, 2~ch.lorocrooane ,I I ethv l.benzene II 
u.thvlene chloride 

lL1,2,2-tetrachloJ:Oethane I 
tetrachlOJ:Oethv lene I 
toluene 

II trans-1, 2~ichloroethvlene 

trans-1, J~ichloroethane . II 
1,1, 1-trichloroethane II 
1,1, 2-tric:h.loroethane I 
trichloroethYlene l 

lvinvl chloride II 
I :I 

1. 
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Summary table continued 

Acceptanc:e limit ( s ) for: Analyst-Abili ty'-Chedt Analyst-Abilitv<heck 
Milan Reccveries RSDs 

(Table Sal (Table 6a) 

ci.s-1, 2~chloroethvlene 

Units 

Date Oodated/!nitial.s 

_) 
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Table la. Statistics for sample-matrix spike recoveries 

Matrix (e.g., aquecus, sludge):--------­

Time period for which table is updated: ____ to __ _ 

"hllrtler of spiked samples: 

Statistical Calculations: Generated by: 

Comlents: 

CCMPOOND 

acrolein 

acrvloni trile 

benzene 

bran:xiichloranethane 

l brarcrrethane 

lbrcm:lform 

I carbon tetrachloride 

I chlorobenzene 
I 
i chloroethane 
i 
I chloroform 
I 

chloranethane 

2-chloroethvlvinvl ether 

cis-1 , 3-dic:hl 

dibrem:lctlloranethane 

!1, 1-dichloroethane 

I . 
11, 2-dlchloroethane 
I 
11,1-dichloroetnylene 

!1, 2-dichloroprooane 

I etnylbenzene 

!methylene chloride 
I 

ne 

/1,1,2,2-tetrachloroethane 

j 

ltetrachlo~thv1ene I 
!toluene j 

ltrans-1,3-dlchloroethane 

Checked by: 

Rejection 
N Level " X 

I 
t 
) 

l 
I 

I 

s 

I 
I 
I 

I 

I 
I 

I 

j 
I 
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Table la. Continued 

Rejection .... 
N Level X s 

Cl:MFaJNO 

1, 1, !-trichloroethane 

1, 1. 2-trichloroethane I 
trichloroethv lene I 
vinvl chloride 

I 
·cis-1,2-dichloroethvlene I 

l 
I 

I 
) ! 

' 
I 

I I I I l 
I I 

-
!cate Ucdated/!nitials 

Units for X, S: 

~= 

~ • MIJIItJer of spiked san'9les. 

'!\ejection level • probability that good data will be rejected. 
~ 

X. the expected recovery (%) • the ~ mean of the recoveries in the study. 

S • ·;rand standard deviation of the rec:ovaries in the study. 

Regression infomation (if used)=-------------------
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Table lb. OC/OA data sheet: recoveries of sample matrix spikes 

Matrix (aqueous, sludge): 

Martin Marietta spike I' 
lsallt)le ID ,I 
Analvsis date II 

II 

jsoike standard used:(al II 
II j~l• lot (t to tl 

I Anal'ls1:/Data Check II 
Checked/footnoted for 11 outliers (initials I 

First 
lAIR 

Sea:lnd F1rst 
=tv 

Flrst 
Secoo:i I 'I CQo!POUND Rec:oYetv lAIR Rec:oYetv AIR AIR Rec:ovetv AIR Rec:ovetv I AIR I 

acrolein I I: 
I ac:rvlonitrile I II 

I I! benzene I i I I 

bt'CI!Odichloranethane I I I II 
I 1 I 

I 
I 

I II bralanethane I 
I I I I I II 

bratcfom I i I i 
I ! i : ! I' 

carbon tetrachloride i i 1 i ! I. 

I d\lorobenzene I I ! I i ! 1 . ' . 
I I i 'I 

i d\loroethane 
I I II I I ! 

i 1 ! i I 

I l I I! 
ehlorofom i 1 

I ! I 'I 

i 
I' 

c::hl.orallethane I I i 
I 2_, 

I 
1l lvinvl ether . i 

cis-1,3-di-1 ! I II 
I i 

I I I I I! 
dibran::x:hloranethane i I i i 

I I I I I I 
1 I I I . I, 

l l-dichloroethane I j l i '' 
I I I I I II 

l, 2-dichloroethane I I i '' 
I I I I' 

l, 1-dichloroethvlene I ' \; 

I I I _L 
I ! I I ~. 2-dic:hlo I I i '. 

I I I I I I II 
jethvlbenzene I I i I i 

I I I I I II 
jllllthvlene chloride I I i 

(al See Standards Notebook for detailed infomation. 
(Continued) 
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Table lb. Continued 

I Martin Marietta spike __________ U sa~role ID 
First Second First I Second 

WRII 
First Seo::md 'I 

a::MFOONO Recovery WR Recovery' WR Recovery I WR Recovery· Recovery• WR ReCover; i AIR I : 

1.1 2, 2-tet.rachloroethane I 11 
tet.rachloroeth'{ lena I II 
toluene II 
trans-1, 2~chloroethVlene I I I II 
trans-1 ~ichloroethane I I I II 
l 1,1-trichloroethane I II 
1,1, 2-trichloroethane I I II 
tric:hloroethvlene I I II 
vinvl chloride I I II 

I I II 
I I l ! I I 

lcis-1,2-dichloroethvlene I I I I I' 

I I j 
I _,/ 

I I I 
I i I l 

I I I ! t I , I I i I 
I I I i i I I I o 

I I J I I I ' i I I i ' I' 

I I I I I I! I I I j' 

I I i ! II 
I i i i i 

I I I J I 
oaee tlpdated/Initials I I 
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Table 2a. Statistics for spiked-blank recoveries 

Time period for which table is updated: ____ to ___ _ 

N\..~Dbtr of spiked blanks: 

Statistical Calculations: Generated by: 

Checked by: 

Carments: 

Rejection 
N Level x s 

a::MPOOND 

acrolein 

acrylonitrile 

benzene 

bralcdichlorarethane 

bran::nethane 
-bramform 

carbon tetrachloride 

chlorobenzene 

chloroethane 

chloroform 

chlorate thane 

2~oroethvlvi_nyl ether 

cis-1,3-dichl e 

dibram::x:hloranethane 

1, 1-dich1oroethane 

1, 2-dichloroethane 

1,1-dichloroethv1ene 

1,2-dichl e 

ethvlbenzene 

methylene chloride 

1,1,2,2-tetrachloroethane 

tetrachloroethylene I 
toluene 

ltrans-1,2-dicbloroetnvlene 

trans-1,3-dichloroethane I 
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Table 2a. (Continued) 

Rejection ... I 
N Level X s 

C01PC(JND 

l, 1, 1-trichloroethane 

1,1,2-trichloroethane 

trichloroethylene 

vinvl chloride 

cis-1,2-dichloroethvlene 

Date uPdated/Initials I 
Units for X, S: 

N • r\UIICer of spiked blanks. 

~ejection level • k)robaDility that: good dat:a will be rejected. 

X, the ex:peo:ed recovery ( \) • the gram mean of the recoveries in tile study. 

S • 1rand s~ deviat:ion of t:he recoveries in t:he study. 

Regression information <if used>=------------------
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Table 2b. QC/QA data sheet: recoveries of sample spiked blanks 

Matrix (aqueous, sludge I : 

Martin Marietta spike I! l~le ID 

Analysis date II 
I 

S2ike standard used: I 
ISaaple lot (t to tl II 
AnalvstJnata Check II 
Chedted/fc:ocnceec1 tcr I aJtliers (initials l 

First Secxlnd First Second First 
=rv/AIR I a:MPCXJND Rec:cverv· AIR Rec:overv· :AIR Rec:cMtrv AIR Rec:cMtrv AIR Recovery AIR 

acrolein 
l -
I II 

• acrvloni trile l I 
benzene I II 

II 

I I I' 
brcmxlichlorot~tthane I I I I 

I I I I' 
brallanethane I II 

l II 

brat~Xorm II 

1 I I I I 'I 

j carcon tetrachloride I i I! i : ! I 

I I I I I i ! I I I I I: 

t chlorobenzene I I I I I I' 
' 

j chloroethane 1 I I I I I I I I I 

I I i 
I I I II 

chloroform i I' 

I I i 
chl~thane l i; 

2-chl.oroethvlvinyl e~ I I 
i 

I I 
II jeis-1 ~chl I 

I I I I II I dlbrtmXhloranethane I i I I 

1 I I I I' 

l.l~ichloroethane I ': 
: I' 

I I I ! I 
l, 2-dichloroethane I i 

II I II 

l 1-di.chloroet.hylene I i: 

1,2~i-' I I I l! 
! I I' 

I I I I' I et.hy lbenzene 
. I 
II 

J I I I' 
methylene chloride I '; ! I' 

(a) See Standards Notebook for detailed information. 
(Continued) 
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Table 2b. Continued 

I 

______ __j_l !Martin Marietta spike 
~le ID ----

'-· First ------ -First 
' =r.riA/R Second I II First I I Second II 
i et::MPOOND Rec:cll'er,r· AIR Recover,r AIR Rec:cll'ery AIR Ra<:over,r. AIR Recoverv' AIR i i 

1,1,2,2-tetrachloroethane 
I I 

tetrachloroethvlene 

toluene I 
trans-1, 2~ichloroethvlene II 

I I 
trans-1, 3~ichloroethane 

1, 1, !-trichloroethane I 
1 1, 2-trichloroethane - I 
trichloroethvlene 

I 

vinv1 chloride 

I I I II 
I II I I 

i l 

cis-1,2-dichloroethvlene 1 II 
I i . I I I I! 

I l I .. I I, 
' I I I I ! I II i j ' I! 
' I j ! I t i i I i 

i I I I I I I I 1 I ) ! 1 i ' I 

i I I I I II 

I If 

I I I 
!Date Oodated/Initials I I 
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Table 3a. Statistics for duplicate 

Step in process when sarf9les are split: 

Matrix (e.g., aqueous, sludge): 

Time period for which table is updated: ____ to ___ _ 

Nunt:ler of duplicate pairs: 

Statistical calculations: Generated by: 

Checked by: 

Caments: 

Rejection .... 
N Level X 

a::MPOOND 

acrolein 

ac:rvlonitrile 

ben2ene 

brcm::dichloranethane 

bJ:aratethane . 
branoform 

carbon tetrachloride 

chlorobenzene 

chloroethane 

chlorofotm 

chloranethane 

2-chloroethylvinyl ether 

cis-1, 3-dichlo ne 

dibranxhloranethane 

l, 1-dichloroethane 

l, 2-dichloroethane 

l, l-dichloroethv1ene 

1,2-dichl ane 

ethylbenzene 

me_thylene chloride 

1,1,2,2-tetrachloroethane 

tetrachloroethylene 

toluene 

trans-1,2-dichloroethvlene 
l l ' 



M.rtin Marietta Environmental Systems 

Table 3a. (Continued) 

Rejection 
N Level 

~ 

1, 1, 1-trichloroethane 

1, 1, 2-trichloroethane 

trichloroethYlene 

vinvl chloride 

cis-1,2-dichloroethvlene 

. 

Date Uodated/Initials 

Units for X, S: 

N a nurri:ler of split duplicate pairs. 

Rejection level a "robability that good data will be rejected • 
... 
'<. t..,e ~XQeCted t"elative st:andard deviation (~0) of the t"..o values 

of a duplicate pair • the grand !liMn of the RSO!I in the study. 

x 

Regrassion infomation (if useci) =·---------------



Manin Marietta Environmental Systems 

Table 3b. QC/QA data sheet: 
duplicates 

Matrix (aqueous, sludge l : 

Martin "''arietta sanple 
I duclicate m 

ISanDl• lot <t to t> 
Analyst/data c:hec:k 

Checked/footnoted for 
cutliers <initials) 

Analvsis dates: 
ilalat1ve Standard 

CCMPOOND CeYiatiat 

acrolein 

ac:rvlati trile 

benzene 

brall:ldichloranethane 

l::lralr:mtthane 

braloform 

! carbon tetrachloride 
i . I i chlorobenzene 
I 

I I 

j cnloroethane I 

I c:hloroform 

chlorarethane 

2-chloroethv 1 vinv 1 ether 

cis-1, 3-dichl 

dibrc:m:x:hlorc:methane 

l.l~ic:hloroethane 
j 

ll, 2~ichlorcethane 

l l~ichloroeth'{lene 

1.2~ichl 

l•thvlbenzene 

lmethvlene chloride 

relative standard deviations of 

ilalatl.VW Standard Relatl.ve Standard 
lAIR Oeviatiat AIR Daviation 

I I 
II 

. I 
I I I II I 

J I I I I I 

I 

I 

I I 

I 
I 

I I 
I 

(Continued) 

I 

II 
i i 

ll 
AIRII 

II 
II I; 

I II i 
I ) I 

' II 

I II 

i '. 
'I 

J I J 
I I I 

J J! 
' ! ; 

; I: 
'. 

i '. 
i. 

I II 
I I! 

I II 
II 

II 
I i I 

r 1 

J I I 
' I' 

I II 
'I 
II 

! 
II 
'' i' 

I I I 
I I' 

J I I 
I II 

I I I 
:' 

I I' 



Manin Marietta Environmental Systems 

Table 3b. Continued 

I __ n jMartin Marietta sample 
duplicate m 

Relative Standard ReJ.atl ve Standard Relatlve Standard 
I:'01POOND Oeviaticn AIR Ceviaticn AIR Oeviaticn LvRii 

· l, 1, 2, 2-tetrac:hloroethane I II 
tetrachloroeth'{1ene I II 
toluene I II 
trans-1, 2~iehloroeth'{lene I II 
trans-1, 3~ic:hloroethane I II 
11 1 L1-ttic:hloroethane I II 
1, 1,2-ttic:hloroethane I II 
tric:hloroethy 1ene I II 

I I I 
vinv1 chloride I I I .. _ 

l I II . I 
I I I ,- I I II 
j II 

I cis-1, 2~c:hloroethv1ene I I II 
I . i 
I 

-> I II I 
! • I I I' 

I I I I ; ' I. 
I 

I I I . I I ' '' 
' I I I' 
' 

i II I' :: ~-~-e-.-~---~---IM-.-t-ia-u----~-----------------+--H------------------~~j~~------------------~~:: 



Martin Marietta Environmental Systems 

Table 4a. Statistics for instrument calibration checks 

Instrument: 

Time period for which table is updated: ____ to __ _ 

Nulrbtr of calibration checks: 

Statistical calculations: Generated by: 

Olecked by: 

Ccaments: 

Internal Rejection A 

Standard N Level X 
Used ( c:cde) 

CCMPCX1ND 

acrolein 

acrylonitrile 

benzene 

brarcdichloranethane 

bton:mE~thane 

b:raroform 

carbon tetrachloride 

chlorobenzene 

chloroethane 

chloroform 

chloranethane 

2-chloroethvl vinyl ether 

cis-1 3~ichlo ne 

dibratiXhloranethane 

l,l~ichloroethane 

1, 2~ichloroethane 

1, 1 ~ichloroethv lene 

1,2~ichlo 

ethvlbenzene 

methylene chloride 

1,1,2,2-tetrachloroethane 

tetrachloroethv1ene 

toluene 

trans-1,2~ichloroethvlene 

_, -'i;t'"hlf"' ....... f-h,. ...... I I I 



Manin Marietta Environmental Systems 

Table 4a. (Continued) 

Internal 
Standard 

Used (code ) 
cc:MPOUND 

1,1,1-trichloroethane 

l, l, 2-trlchloroethane 

trichloroethv lena 

vil'rl_l chloride 

cis-1,2-dichloroethvlene 

Date Updated/Initials 

Units for X, S: 

(1) ----------­

(2) -------------------­

(3) -------------------

~ • nt.JI11ber of calibration ched<s. 

N 

-

Rejection level • probability that good data will be rejected. 
A 

X, the expected relative deviation (RD) of a calibration~ 
response factor frau the calibraticn curte response factor • 
the grand mean of the ROs in the stu~ 

Rejection .... 

I Level X 

1 

I 
I 



Table 4b. 

Martin Marietta Environmental Systems 

QC/QA data sheet: relative deviation of calibration 
check response factors from calibration curve response 
factors 

Matrix ( aqueo.us, sludge) : 

Date ..men calimtion 
OJrve was determined 

Analvst 

Date of calibration check 

Analvst 
(a) 

calibration level c:hedced 
Chec:lted/footnoted for 
outliers (initials) .. 

Relative Relative Relative 
RllapoiiM O.Viation Response Deviation Response Deviation 

II 

I! 
I i 
I• 

I: 
I: 
I; 

I: 
! i 
I 

CCMPOtlND Paetor f%'011 CUrve RF Factor f%'011 CUrve RF Factor fran Curve RF i · 
I, 

acrolein I. 

I 

acrylonitrile I 

I I I, 

I benzene ! ' 

l I I• 
1rarcdichloranethane i I 

I bratanethane l I: 

II I ! 
!bratcfom I I 

i I I I i carbon tetrachloride I ' 
i I ,! : 

J chlorobenzene I, 

I chlorcethane I' 
I chlorofom I I: 
chloranethane I: 
2-chlorcethvl vinvl ether 

I! 
I' 

lcis-1,3-dichlorcorooene 
I ) 
I 

I I I ! . l dibrcmx:hl.oranethane I 

. 1, 1-dichlorcethane 
! ) ' 

I I' 

I I 
1,2-dichloroethane I I I' 

1,1-dichloroe~lene I ) ! 

I' 
.• I I -

1, 2-dichlo~rcoane I I' 

I ethv !benzene I I I 
I 

' I 

i I I I I' 
j tnethv lene chloride I I I 

(a) Refer to SOP for \0: analysis (i.e., 1• hi;h, 2 • mediUI!I, 3 • low). 

(Continued) 
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Table 4b. Continued 

Date of calibration chedt 
I 

I 
-----

Relative Relative Rel.a.:._.~ 

I Response Deviation Respotse Deviation Response Deviation 
I c.'CM:aJND Factor fran CUrle RF Factor fran CUrve RF Factor frau Curve ?:3 
I 

1, ~'-2, 2-tetraehloroethane 

tetraehloroetht{lene 

toluene 

trans-1,2-dichloroethv1ene 

t.rans-1, 3-dichloroethane 

1, 1, !-trichloroethane 

1, 1, 2-trichl.oroethane 

triehloroe~lene 

vinvl chloride t 
-·- I I 

I 
-- I I 

I 

cis-1,2-diehloroethvlene I . -
I 

- I I I 
I . I I I I II I 

I 
I 
I 

! - I II I 

I -- I ; 

I - I 
l Date _Updated/Initials 
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Table Sa. Statistics for analyst-ability-check mean recoveries 

Time period for which table is. updated: 
__________ w ________ __ 

Nunber of analyst-ability checks: 

Statistical Calculations: Generated by: 

Olecked 1:1f: 

Corments: 

Rejection 
A 

N Level X s 
CQo1FO{JND 

acrolein 

I ac:ryloni trile 

benzene 

bran:xiichloranethane 

brararethane 

brarcform 

carbon tetrachloride . 
chlorobenzene 

chloroethane 

chlorofOtl'll 

chloranethane 

2~oroethvlvinvl ether 

cis-1, 3-dichlo ne 

dibrcmxhloranethane 

1 1-dichloroethane 

1, 2-dichloroethane 

1,1-dichloroethvlene 

l, 2-dichlot'Q:lrooane 

ethvlbenzene 

methvlene chloride 

1,1,2,2-tetrachloroethane 

tetrachloroethylene I 
toluene 

trans-1,2-dichloroethvlene I 
trans-1,3-dichloroethane 

(Continued) 
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Table Sa. (Continued) 

Rejection 
N Level 

a::MPCXJND 

l, l, 1-trichloroethane 

l l, 2-trichloroethane 

trichloroethylene 

vinvl chloride 

cis-1.2-dichloroethvlene 

Date Updated/Initials 

units for x, s: 

~ • rumi:ler of analyst-ability-chedts. 

Rejection level • probability that good data will be rejected • .. 
X, the expected mean recovety (% l fran the four aliquots • 

the grand :nean of all :nean recoveries in the :sUidy. 

. 

3 • :,;ranc1 st:..ar¥jard deviation of the mean recoveries in the sUidy 

x s 

I 



Table 5b. QC data-sheet: 
ability checks 

Ana!Yat 

Ana!Ysls date 
Number of checks analyst 
has taken (total) 

0>\1'0000 Mean Recoverv 

acrolein 

acryloni trUe 

benzene 

bromodlchloromethane 

brooonethane 

braooform 

carbon tetrachloride 

chlorabenzene 

chloroethane 

chloroform 

chloromethanE: 

2-chloroethylvinvl ether 

ci&-1 3-dlchloropropene 

dlbramochloromethane 

1,1-dichloroethane 

1 2-dlchloroethane 

1 1-dlchloroethylene 

1 2-dichloroprq>ane 

ethyl benzene 

lmethvlene chloride 

means and standard deviations of recoveries in analyst­
(used to generate Tables 5a and 6a) 

Standard · Standard StancJard 
Deviation Dilvlation Dilviation 

AIR of Recoveries AIR Mean Recouerv AIR of Recoueries AIR Mean Reocwerv lAIR of Recoveries 

. 
I 

AIR 

(Continued) 

f 
::l 
:r 
f .. 
~· 
m 
::2 c 
:;· 
0 
::2 
3 

l 
en 
< = • 3 ... 



Table 5b. Continued 

;.,.-,~~t----------------r-------------------------- r---------------- --- ------- -----,. ][ _______________ 
I , ____ -- ---- ,. ____ """_ "--

Standard Standard 

c:nm:um Mean Reooverv A/It 
Deviation Deviation 

of Reooveriea lAIR Mean ReCOIIery IA/11 of Recoveries AIR Mean Recoverv 

!L!•2 2-tetrachloroethane 

t~trachloroethvlene . 
toluene 

tnns-1 2-dlchloroethvlene 

trans-1,3-dlch1oroethane 

1 l l-trich1oroethane 

1,1.2-trlch1oroethane 

tdch1oroethv lene 

llinvl chloride 

cls-1 2-dlch1oroethvlene 

Date Uodated/lnltial& 
. 

v 

- r--------- --
-

StancSard 
Deviation 

Allt of Rec011eriea [AIR 

f 
~ 
:r 
~ 
~-
m 
:J 
c 
::;· 
0 
:J 
3 
~ 
!!. 
Cia 
< = .. 
3 .. 
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Table 6a. Statistics for analyst-ability-check relative 
standard deviations 

Tine period for which table is updated: -----to-----
Number of analyst-ability checks: 

Statistical calculations: Generated by: 

Olecked by: 

Camlents: 

Rejection A 

N Level X 

CD4POOND 

acrolein 

lacrvlonitrile 

benzene 

brcm:xiichloranethane 

bratemethane 

brarofom 

carbon tetrachloride . 
chlorobenzene 

' ; 

chloroethane 

chlorofom 

chloranethane 

2~oroethvlvinvl ether 

cis-1,3-dichl 

dibrc:m:x:hloranethane 

1, l~ichloroethane 

1, 2~ichloroethane 

l,l~ichloroethvlene 

1, 2~ichlorcorcoane 

ethylbenzene 

methvlene chloride 

1,1,2,2-tetrachloroethane 

tetrachloroethylene 

toluene 

trans-1,2~ichloroethvlene 

trans-1,3~ichloroethane 



Manin Marietta Environmental Systems 

Table 6a. (Continued) 

Rejection 
N Level 

CI:MPCXJND 

1,1,1-trich1oroethane 

. 1, 1, 2-trichloroethane 

trichloroethylene 

vinvl chloride 

cis-1,2-dichloroethv1ene 

Date Ucdated/Initials 

Units for X, S: 

N • nuzt'tler of analyst-abilit:y-checks. 

Rejection level • probaeility that geed data will be rejected. 

"' 
X. the expected relative s~ ·deviation (RSD) of the 

rac:overies of the fc:ur aliquots • the~ mean of all 
t:he RSDs in the study. 

"' X 

. 
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STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 

BASE/NEUTRAL AND ACID EXTRACTABLE COMPOUNDS FROM WATER, 

WASTEWATER, SLUDGES AND SOILS 

1. Summary of Method 

This document provides detailed instructions concerning 
the use of an HP 5790A Mass Selective Detector (MSD) to analyze 
for base/neutral and acid extractable compounds. It is strongly 
recommended that the analyst read through the references listed 
in Appendix A before implementing this standard operating 
procedure. 

A measured volume of sample, approximately 1000 ml, is 
serially extracted with methylene chloride at a pH greater than 
11 to obtain base/neutral extractable compounds and again at a 
pH less than 2 for acid extractable compounds using a separatory 
funnel. When experience with a sample from a given source 
indicates that a serious emulsion problem will result or an 
emulsion is encountered using a separatory funnel, ~ continuous 
extractor should be used. 

In the case of sludges and soils, approximately 20-50 g of 
a sample, is extracted with 85/15 hexane/methylene chloride 
utilizing sonication to ensure intimate contact of the sample 
matrix with the extraction solvent. A second available extrac­
tion method for solids, such as soils and sludges, is the Soxhlet 
Extraction Technique using methylene chloride as the extraction 
solvent. 

The generated extract is dried, concentrated to a volume 
of 1-5 ml, and analyzed by GC/MS. ·Qualitative identification 
of the parameters in the extract is performed usinq the retention 
time and the relative abundances of three characteristic masses 
(m/z). Quantitative analysis is performed using internal 
standard techniques with a single characteristic m/z (primary 
ion). 

2. Interferences 

Method interferences may be caused by contaminants in sol­
vents, reagents, glassware, and other sample processing hardware 
that lead to discrete artifacts and/or elevated baselines in 
the total ion current profiles. All of these materials must 
be routinely demonstrated to be free from interferences under 
the. conditions of the analysis by running laboratory reagent 
blanks. 

l 



Glassware must be scrupulously cleaned. Clean all glass­
ware as soon as possible after use by rinsing with the last 
solvent used in it. Solvent rinsing should be followed by 
detergent washing with hot water, and rinses with tap water 
and distilled water. The glassware should then be drained 
dry, and rinsed with acetone to eliminate PCB's and other ther­
mally stable contaminants. The glassware is placed in a drying 
oven (ll0°C) for at least one hour prior to use. After drying 
and cooling, glassware should be sealed and stored in a clean 
environment to prevent any accumulation of dust or other 
contaminants. Store inverted or capped with aluminum foil. 

The use of high purity reagents and solvents helps to 
minimize interference problems. Purification of solvents by 
distillation in all-glass systems may be required. 

Matrix interferences may be caused by contaminants that 
are co-extracted from the sample. The extent of matrix inter­
ferences will vary considerably from source to source, depending 
upon the nature and diversity of the industrial complex or 
municipality being sampled. 

The base-neutral extraction may cause significantly reduced 
recovery of phenol, 2-methylphenol, and 2,4-dimethylphenol. 
The analyst must recognize that results obtained under these 
conditions are minimum concentrations. 

Because the GC/MS is inherently less sensitive than the GC/ 
electron capture detector, the preferred method for analysis of 
pesticides and PCB's is EPA Method 608 of reference 1. 

3. Safety 

The toxicity or carcinogenity of each reagent used in this 
method has not been precisely defined: however, each chemical 
should be treated as a potential health hazard. From this 
viewpoint, exposure to these chemicals must be reduced to the 
lowest possible levels by whatever means available. Books 
detailing the safe handling of the chemicals listed in this 
method are kept in the laboratory for quick reference. 

The following parameters covered by this method have been 
tentatively classified as known or suspected, human or mammalian 
carcinogens: benzo(a)anthracene, benzidine, 3,3'-dichlorobenzidine, 
benzo(a)pyrene, dibenzo(a,h)anthracene, N-nitrosodimethylamine. 
Primary standards of these toxic compounds should be prepared 
in a hood. A NIOSH/MESA approved toxic gas respirator should 
be worn when the analyst handles high concentrations of these 
compounds. 



4. Apparatus and Materials 

Sampling equipment, for discrete or composite sampling. 

• Grab sample bottle--1-L or 1-gal, amber glass, fitted 
with a screw cap lined with Teflon. Foil may be substi­
tuted for Teflon if the sample is not corrosive. If amber 
bottles are not available, wrap sample bottles in aluminum 
foil to protect them from light. The bottle and cap liner 
must be washed, rinsed with acetone or methylene chloride, 
and dried before use to minimize contamination. 

Apparatus and Glassware 

• Separatory funnel--2L, with Teflon stopcock. 

o Soxhlet extractor: 40-mm I.D., with 500-ml round­
bottom flask. 

• Lab-Line Multi Unit Extraction heater, Lab-Line 
Instruments, Inc., Melrose Park, IL, Model No. 
5000, Serial No. 0385-0107. 

• Continuous liquid-liquid extractor (Hershberg-Wolfe 
type, Lab Glass #LG-6915; or equivalent). 

• Chromatographic column: Pyrex, 20-mm I.D., approxi­
mately 400 mm long, with coarse-fritted plate on bottom 
and an appropriate packing medium. 

• Glass or paper thimble or glass wool to retain sample 
in Soxhlet extraction device. Should drain freely 
and may require purification before use. 

• Drying column--Chromatographic column, 1~ ID, with 
silanized glass wool plug. 

• Concentrator tube, Kuderna-Danish--10-mL, graduated. 
Calibration must be checked at the volumes employed in 
the test. Ground glass stopper is used to prevent 
evaporaton of extracts. 

• Evaporative flask, Kuderna-Danish--500mL. Attach to 
concentrator tube with springs. 

• Snyder column, Kuderna-Danish--Three ball macro 

3 



o Snyder column, Kuderna-Danish--Two-ball micro 

o Vials--10 to 15 mL, wrapped in foil, with Teflon-lined 
screw cap. 

Other Methods 

• Sonicator--cell disrupter heat systems, Model W-375 
w/titanium probe, No. H-lA, Serial No. 2736-E, 
Ultrasonics Inc., Plainview, N.Y. 

• Boiling beads--rinse with acetone and pesticide grade 
hexane and dry in oven (ll0°C) overnight. 

Boiling chips--solvent extracted, approximately 10/40 
mesh 

o Water bath--Heated, with concentric ring cover, capable 
of temperature control (±2°C). The bath should be 
used in a hood. 

o Balance--Analytical, capable of accurately weighing 
0.0001 g. 

• AGATE pestle and mortar 

Instrumentation 

o GC/MS system: 

Gas Chromatograph (GC) --A Hewlett Packard 5790A GC 
with temperature and valve programming capabilities and 
a splitless injection port system. Associated items 
include: 

- a 5 ~1 gas tight Hamilton syringe for sample injection 

- a 5% diphenyl/94% dimethyl/l%vinyl polysiloxane bonded 
phase fused silica capillary column, 30-m long, 0.25 mm 
ID, 0.25 ~m film thickness. 

Mass spectrometer (MSD)--a 5970A Hewlett Packard MSD 
capable of scanning from 35 to 450 amu every 7 s or 
less, utilizing a 70 V (nominal) electron energy in the 
electron impact ionization mode, and producing a mass 
spectrum which meets all the criteria in Table 1 when 
50 ng of decafluorotriphenyl phosphine (DFTPP, 
bis(perfluorophenyl) phenyl phosphine) is injected 
through the GC inlet. 
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Table 1. DFTPP Key Masses and Abundance Criteria 

m/z Abundance c:ritatia 

51 

1

, 30-60 ~ of mass 198. 
68 Less ti'IM 2 percent ol masa 89. 
70 Less INn 2 percent of mua 89. 

127 ~ I*C*1t of mas 198. 
197 Less INn 1 percent of mas 198. 
198 Bae peU, 100 percent teletlw abundance. 
199 5-9 percent of mass 198 .. 
275 1o-30 peteent of mas 198. 
3e5 Gteat• INn 1 percent of mas 198. 
4.41 Present but less INn maa 4.43. 
4.42 Gtear. INn 40 percent of ,.. 198. 
4.43117-231*'Cenf of mass 4.42. 
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GC/MS interface--Direct capillary GC to MSD interface with 
fused silica transfer lines to the ion source that gives accept­
.able calibration points at SO ng per injection for each of the 
parameters of interest and achieves all acceptable performance 
criteria (Section 8). 

Data system (DS)--a Hewlett Packard 982ST desktop computer 
equipped with an HP 9134A Winchester disk drive data storage 
device and an HP2571 printer. This system is interfaced to 
the MSD and in the save-all mode is capable of scanning a mass 
range (35 to 450 amu in this case) and recording spectra of 
each scan in this mass range. Additional software allows 
search for a specific mass or ion and plotting the ion abundance 
versus time (Extracted Ion Current Profile -EICP). The area 
under the primary ion peak for each compound can be integrated 
over user-selected intervals. Back-up storage capabilities 
include cartridge tape storage of all pertinent data. 

5. Reagents 

o Reagent water--Reagent water is defined as water in 
which an inteference is not observed at the MDL of the 
parameters of interest. 

o Sodium hydroxide solution (10 N)--Dissolve 40 g of NaOH 
(ACS) in reagent water and dilute to 100 mL. 

o Sodium thiosulfate--(ACS) Granular. 

• Sulfuric acid (1+1)--Slowly, add SO ml of H2S04 (ACS, 
sp. gr. 1.84) to SO mL of reagent water. 

• Acetone, methanol, methylene chloride, n-hexane--pesticide 
quality or equivalent. 

o Sodium sulfate--(ACS) Granular, anhydrous. Purify by 
heating at ll0°C overnight in a shallow tray. 

• Stock standard solutions--Standard solutions are pur­
chased as certified solutions from Supelco Chromatography 
suppliers as follows. See Table 2 for a list of stock 
solutions for calibration, surrogates and internal 
standards. 

NOTE: After opening, transfer the stock standard solutions 
into Teflon-sealed screw-cap bottles. Mark meniscus 
and date opened on bottle. Store at 4°C and protect 
from light. Stock standard solutions should be checkec 
frequently for signs of degradation or evaporation, 
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....... 

Table 2. Stock solutions for acid/base/neutral analysis 

Supelpreme-1£ Phenols 
Hix (2000 ~g/ml each 

in Cll~l2) 
Cat. I 4-8904 

Phenol 
2-chlorqi\enol 
2-nitrophenol 
2,4-dimathylphenol 
2,4-dichlorophenol 
4-chloro-3-methylphenol 
4-nitrophenol 
2,4-dinitrophenol 
2,4,6-trichlorophenol 
2-methyl-4,6-dinitrophenol 
pentachlorophenol 

Sur~ate Stock Solutions 

Supelpreme-OC Base­
Neutrals Mix 1 (2000 ~ 

each in CH~l2 
Cat. I 4-8900 

Bis(2-chloroethoKy)mathane 
Bis(2-chloroethyl)ethar 
Bis(2-ethylhexyl)phthalate 
Bia(2-chlo~lsopropvl)ethar 
4-Braoophenylphenyl ether 
Butyl benzyl phthalate 
4-chlorqphenylphenyl ether 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Dl-n~tyl phthalate 
N-Nltrosodlmethylamine 
N-Nltrosodi-n-propylamlne 
N-Nitrosodlphenylamine 

Supelpreme-OC Base­
Neutrals Mix 2 (2000 ag/ml 

each in Cll~l2) 
Cat. I 4-8901 

Azobenzene 
2-chloronaphthalene 
1,2-Dlchlorobenzene 
1,3-Dlchlorobenzene 
1,4-Dichlorobenzene 
2,4-Dlnitrotoluene 
2,6-Dlnlt~toluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Isophorone 
Nitrobenzene 
1,2,4-Trichlorobenzene 

Internal Standard Stock Solutions 

Supelpreme--HC 
Benzidines Hix 

(2000 IJg/aal each in 
Methanol) 

Cat. I 4-8906 

benzidine 
3,3-dlchlorobenzidine 

Naphthalene-do a 
Phenol~a 
Phenanthrene-d}O& 
Nitrobenzene-d51 

2000 1Jg/ml, Cat. 
2000 llgl\al, Cat. 
2000 llg/ml, Cat. 
2000 llg/ml, Cat. 

14-0715 
14-8716 
14-8710 
14-8717 

Base/N8Utrals 
Anlltne-d5a 
1-Fluoronaphthalenea 
benz(a)anthraoene-dl2' 

2000 pgjml, Cat. 14-8788 
2000 pglml, Cat. 14-8720 
2000 IIQ/ml, Cat. 14-8789 

00 

Supelprema-OC IS'ID Mixa 4000 llg/ml each, Cat. 14-8902 
lXlntainsa anthraoene-d}o 

chrysene-d12 
1,4-dichlorobenzene-d4 
naphthalene-do 
perylene-d12 
phenanthrene-d10 

Acid Extractables 
1-fluorophenol 
2,4,6-tribromophenol 
pentafluorophenol 

Supelpreme-OC 
Polynuclear Aromatic 

llydrocarbons Hix 
( 2000 ~g/ml each in 

CH~l21benzene, 50a50) 
Cat. I 4-8905 

Acenaphthane 
Acenaphthylene 
Anthracene 
Renzo(a)anthraoene 
Benzo(a)P'frene 
Benzo(b)fluoranthene 
Benzo(ghl )perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthraoene 
Fluoranthene 
Fluorene 
Indenol(l,2.3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrena 



especially just prior to preparing calibration 
standards from them. Stock standard solutions must 
be replaced after six months, or sooner if comparison 
with quality control check samples indicates a 
problem. 

• DFTPP standard--Prepare a 25 ~g/ml solution of DFTPP 
in acetone. 

• Quality control check sample concentrate--See Section 13. 

6. Sample Collection, Preservation, and Handling 

Grab samples must be collected in glass containers. Con­
ventional sampling practices should be followed, except that 
the bottle must not be prerinsed with sample before collection. 
Composite samples should be collected in refrigerated glass 
containers with teflon-lined caps in accordance of the proqram. 
Automatic sampling equipment must be as free as possible of 
Tygon tubing and other sources of possible contamination. 

All samples must be iced or refrigerated at 4°C from the 
time of collection until extraction. Fill the sample bottles 
and, if residual chlorine is present, add 80 mg of sodium 
thiosulfate per liter of sample and mix well. EPA Methods 
330.4 and 330.5 may be used for measurement of residual chlorine. 

All samples must be extracted within 7 days of collection 
and completely analyzed within 40 days of extraction. 

7. Extractions 

Liguid Samples - Separatory Funnel Extraction 

Samples are usually extracted using separatory funnel 
techniques. The extraction described below assumes a sample 
volume of lL. 

Mark the water meniscus on the side of the sample bottle 
for later determination of sample volume. Pour the entire 
sample into a 2-L separatory funnel. Pipet 1.00 mL of the 
surrogate standard spiking solution into the separatory funnel 
and mix well. Check the pH of the sample with wide-range pH 
paper and adjust to pH>ll with sodium hydroxide solution. 
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Add 60 mL of methylene chloride to the sample bottle, 
seal, and shake for 30 s tq rinse the inner surface. Transfer 
the solvent to the separatory funnel and extract the sample by 
shaking the funnel for 2 min with periodic venting to release 
excess pressure. Allow the organic layer to separate from the 
water phase for a minimum of 10 min. If the emulsion interface 
between layers is more than one-third the volume of the solvent 
layer, employ mechanical techniques such as filtration of the 
emulsion through glass wool and sodium sulfate to complete 
the phase separation. After filtration, rinse the sodium 
sulfate with 5-10 ml methylene chloride. Collect the methylene 
chloride extract in a 250 mL Erlenmeyer flask. 

Add a second 60-mL volume of methylene chloride to the 
sample bottle and repeat the extracton procedure a second 
time, combining the extracts in the Erlenmeyer flask. Perform 
a third extraction in the same manner. Label the combined 
extract as the base/neutral fraction. If sample is not to be 
analyzed immediately, stopper this extract and store refriger­
ated. 

Adjust the pH of the aqueous phase to less than 2 using 
sulfuric acid. Serially extract the acidified aqueous phase 
three times with 60-mL aliquots of methylene chloride. Collect 
and combine the extracts in a 250-mL Erlenmeyer flask and 
label the combined extracts as the acid fraction. If sample 
is not to be analyzed immediately, stopper this extract and 
store refrigerated. 

For each fraction, assemble a Kuderna-Danish (K-D) concen­
trator by attaching a 10-mL concentrator tube to a 500-mL 
evaporative flask. 

For each fraction, pour the combined extract through a 
solvent-rinsed drying column containing about 10 em of anhydrous 
sodium sulfate and silanized glass wool plug, and collect the 
extract in the K-D concentrator. Rinse the Erlenmeyer flask 
and column with 20 to 30 mL of methylene chloride to complete 
the quantitative transfer. 

Add one boiling bead and attach a three-ball Snyder column 
to the evaporative flask for each fraction. Prewet each Snyder 
column by adding about 1 mL of methylene chloride to the 
top. Place the K-D apparatus on a hot water bath (approx 
70°C) so that the concentrator tube is partially immersed in 
the hot water, and the entire lower rounded surface of the 
flask is bathed with hot vapor. Wrap aluminum foil around the 
outside of evaporative flask and Snyder column. Adjust the 
vertical position of the apparatus and the water temperature 
as required to complete the concentrations in 30 min. At the 
proper rate of distillation the balls of the column will 
actively chatter but the chambers will not flood with condensed 
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solvent. When the apparent volume of liquid reaches 1 mL, 
remove the K-D apparatus from the water bath and allow it to 
drain and cool for at least 10 min. 

Remove lower joint from the evaporative flask and attach 
a two-ball micro-Snyder column. Prewet the Snyder column by 
adding about 0.5 mL of methylene chloride to the top. Place 
the K-D apparatus on a hot water bath (60-65°C) so that the 
concentration tube is partially immersed in hot water. Adjust 
the vertical position of the apparatus and the water tempera­
ture as required to complete the concentration in 5 to 10 
min. At the proper rate of distillation the balls of the 
column will actively chatter but the chambers will not flood 
with condensed solvent. When the apparent volume of liquid 
reaches about 0.5 mL, remove the K-D apparatus from the water 
bath and allow it to cool for at least 10 min. Remove the 
Snyder column and rinse the flask and its lower joint into the 
concentrator tube with approximately 0.2 ml methylene chloride. 
Adjust the final volume to 1.0 ml with the solvent. 

Determine the original sample volume by refilling the sam­
ple bottle to the mark and transferring the liquid to a 1000-ml 
graduated cylinder. Record the sample volume to the nearest 5 ml. 

Liquid Samples - Continuous Extraction 

• Procedure 

Refer to Figure 1 to aid in understanding the procedures 
described for setting up the continuous extractor. The 

.following steps apply to sample/solvent systems where 
the solvent is more dense than the sample. 

Place 150 ml of methylene chloride in the extractor and 
add 350 ml of methylene chloride into the 500-ml dis­
tilling flask. Add several boiling chips to the distilling 
flask. Measure out 1 liter of sample to be extracted. 
If less than 1 liter of sample is available or if high 
concentrations are anticipated, a smaller volume of sample 
may be used, if necessary, laboratory reagent water may 
be used to bring the sample volume to 1 liter. Adjust 
the sample pH to > 11 using NaOH~ add surrogate standards, 
and transfer the sample to the extraction apparatus. 
Rinse the sample bottle with 60 ml methylene chloride 
and shake for 30 s to rinse inner surface. Transfer 
solvent to extractor. Repeat using an additional 50-100 
ml methylene chloride. Add enough solvent to the extrac­
tion device to bring the sample level above the U-tube 
connector. Using the controlling rod, balance the dis­
tilling rate from the 500-ml distilling flask with the 
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Condenser 

Water Sample 

Solvent 

Heating Mantle 

Figure 1. Continuous liquid-liquid extractor 
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return flow through the U-tube connector. Turn on the 
cooling water and the heating mantle and extract the 
sample for 16-24 hr. Let the system cool and remove the 
500-ml distilling flask with the base/neutral extract. 

Attach a 500-ml distilling flask containing 350 ml of 
methylene chloride and several boiling chips onto the extrac­
tion apparatus. Use sulfuric acid to adjust the sample pH to 
< 2. Add enough methylene chloride to the extraction device to 
bring the sample level above the U-tube connector. Using the 
controlling rod, balance the distilling rate from the 500-ml 
distilling flask with the return flow through the u-tube 
connector. Turn on the cooling water and the heating mantle 
and extract the sample for 16-24 hr. After the 16-24 hrs have 
elapsed, let the system cool and remove the 500 ml distilling 
flask with the acid extractable fraction. 

In each case, dry the extract by passing it through a 
column of anhydrous sodium sulfate. Collect the dried extract 
in a Kuderna-Oanish evaporative concentrator equipped with a 10-
ml collection ampule. 

Add 1 or 2 clean boiling chips to the flask and attach a 
three-ball Snyder column. Prewet the Snyder column by adding 
about 1 ml solvent to the top. Place the K-0 apparatus on a 
steam or hot water bath so that the concentrator tube and the 
entire lower rounded surface of the flask are bathed in hot 
water or vapor. Adjust the vertical position of the apparatus 
and the water temperature as required to complete the concen­
tration in 15-20 min. At the proper rate of distillation, the 
balls of the column will actively chatter but the champbers 
will not flood. When the apparent volume of liquid reaches 1 ml, 
remove the K-0 apparatus and allow it to drain for at least 10 
minutes while cooling. Rinse the K-0 apparatus with a small 
volume of solvent. Adjust sample volume to 10.0 ml with the 
solvent to be used in instrumental analysis. Proceed with 
analysis and cleanup if necessary. 

• Quality Control 

By spiking distilled water or another liquid similar to 
the sample matrix, the analyst should demonstrate that 
the compounds of interest are being quantitatively 
recovered before applying this method to actual samples. 
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Sludge and Soil Samples - Sonication 

Solid samples should be homogenized using agate pestle and 
mortar. Determine percent moisture of a representative sample 
weighed before and after oven drying at 130°C for 12 hrs (or 
until a stable weight is achieved). 

Samples are usually extracted using a mix of 85/15 hexane/ 
methylene chloride in conjuction with sonication. The extraction 
described below assumes a sample weight of 20-50 g. 

Transfer the pre-weighed sludge or solid sample into a 
beaker. Add 10-20 ml reagent water and pipet 1.00 ml of the 
surrogate standard spiking solution into the beaker and mix 
well. Check the pH of the sample with wide-range pH paper and 
adjust to pH > 11 with sodium hydroxide solution. 

Add 60 ml of 85/15 hexane/methylene chloride to the sample 
beaker. Sonicate in an ice bath at 50% pulse for fifteen 
minutes. Allow the organic layer to separate from the slurry 
phase for a minimum of 10 minut~s. If the emulsion interface 
between layers is more than one-third the volume of the solvent 
layer, employ mechanical techniques such as filtration of the 
emulsion through glass wool and sodium sulfate to complete the 
phase separation. After filtration, rinse the sodium sulfate 
with 5-10 ml of 85/15 hexane/me·thylene chloride. Decant and 
collect the extract in a 250 ml Erlenmeyer flask. 

Add a second 60 ml of 85/15 hexane/methylene chloride to 
the sample beaker and repeat the sonication extraction procedure 
a second time, combining the extracts in the Erlenmeyer flask. 
Perform a third sonication extraction in the same manner. 
Label the combined extract as the base/neutral fraction. If 
sample is not to be analyzed immediately, stopper this extract 
and store refrigerated. 

Adjust the pH of the remaining aqueous slurry to less than 
2 using sulfuric acid. Serially extract the acidified phase 
three times with 60 ml aliquots of 85/15 hexane/methylene 
chloride and sonication. Collect and combine the extracts in a 
250 ml Erlenmeyer flask and label the combined extracts as the 
acid fraction. If sample is not to be analyzed immediately, 
stopper this extract and store refrigerated. 

After the extraction is complete, filter the extract and 
dry it by passing it through a 4-in. column of sodium sulfate 
which has been washed with the extracting solvent. Collect the 
dried extract in a 500-ml Kuderna-Danish (K-D} flask fitted 
with a 10-ml graduated concentrator tube and a three-ball Snyder 
column. Wash the extractor flask and sodium sulfate column 
with 100-125 ml of the extracting solvent. 
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Add 1 or 2 clean boiling chips to the flask and attach a 
three-ball Snyder column. Prewet the Snyder column by adding 
about 1 ml solvent to the top. Place the K-D apparatus on a 
steam or hot water bath so that the concentrator tube and the 
entire lower rounded surface of the flask are bathed in hot 
water or vapor. Adjust the vertical position of the apparatus 
and the water temperature as required to complete the concentration 
in 15-20 min. At the proper rate of distillation, the balls of 
the column will actively chatter but the chambers will not 
flood. When the apparent volume of liquid reaches 1 ml, remove 
the K-D apparatus and allow it to drain for at least 10 min 
while cooling. Transfer to a 5- or 10-ml volumetric flask and 
adjust the volume accordingly. 

Rinse the K-D apparatus with a small volume of solvent. 
Adjust the sample volume to 10.0 ml with the solvent to be used 
in instrumental analysis. Proceed with analysis and cleanup if 
necessary. 

• Quality Control 

The analyst should demonstrate that the compounds of 
interest are being quantitatively recovered before ap­
plying this method to actual samples. 

Sludges and Soils - Soxhlet Extraction 

• Procedure 

Blend 10 g of the solid sample with an equal weight of 
anhydrous sodium sulfate and place in either a glass or 
paper extraction thimble. The extraction thimble must 
drain freely for the duration of the extraction period. 
The use of a glass wool plug above and below the sample 
is also acceptable. 

Place 300 ml of the extraction solvent into a 500-ml 
round-bottom flask containing a boiling stone. Attach 
the flask to the extractor, and extract the solids for 
16 hr. 

Allow the extract to cool after the extraction is complete. 
Rinse the condenser with the extraction solvent and drain 
the Soxhlet apparatus into the collecting round-bottom 
flask. Filter the extract and dry it by passing it 
through a 4-in. column of sodium sulfate which has been 
washed with the extracting solvent. Collect the dried 
extract in a 500-ml Kuderna-Danish (K-D) flask fitted 
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with a 10-ml graduated concentrator tube. Wash the ex­
tractor flask and sodium column with 100-125 ml o.f the 
extracting solvent. Add l or 2 clean boiling beads to 
the flask and attach a three-ball Snyder column. Prewet 
the Snyder column by adding about l ml solvent to the 
top. Place the K-0 apparatus on a hot water bath so 
that the concentrator tube and the entire lower rounded 
surface of the flask are bathed in hot water or vapor. 
Adjust the vertical position of the apparatus and the 
water temperature as required to complete the concentra­
tion in 15-20 min. At the proper rate of distillation, 
the balls of the column will actively chatter but the 
chambers will not flood. When the apparent volume of 
liquid reaches l ml, remove the K-0 apparatus and allow 
it to drain for at least 10 min while cooling. 

Rinse the K-D apparatus with a small volume of solvent. 
Adjust the sample·volume to 10.0 ml with the solvent to 
be used in instrumental analysis. Proceed with analysis 
and cleanup if necessary. 

o Quality Control 

The analyst should demonstrate that the compounds of 
interest are being quantitatively recovered before 
applying this method to actual samples. 

8. Daily GC/MS Performance Tests 

On a daily basis, use program START on the Winchester disc 
(pp. 5 to 7, ref. 2) to update the calendar and to verify that 
the drive is operative and is communicating with the MSD. 

After completion of program START, program MANAGE will 
automatically be loaded. MANAGE allows entry into any other 
program on the disc by entering the program's code name. See 
Appendix B for a list of available programs. 

Select program AOTUNE. This program automatically adjusts 
the various MSD parameters to allow optimal sensitivity for de­
tection. A more detailed explanation of AUTUNE and a descrip­
tion of the tuning parameters are given on pp. 3-8 to 3-14 of 
ref. 3. 

A series of prompts will then appear on the screen. Answer 
them as follows: (Answers in parentheses) 

Source tune file: (0) 
Destination tune file: (0) 
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NOTE: 0 is the number of the disc drive in which the data 
AUTUNE file will be stored. 

Final tune mass: (502) 

NOTE: 502 is the mass for which the response is to be 
maximized by the MSD 

Check previous tune parameters: (1) 

Keep in mind that if daily AUTUNE values change consider­
ably, this change may have an effect on the day-to-day repro­
ducibility of data. If the analyst wishes to change certain 
values manually, he should refer to the EM option of program 
OVRIDE (pp. 21,25 of ref. 2). Note also that radical changes 
in AUTUNE values may indicate a problem. Refer to the trouble­
shooting section of this manual for more information. 

Record the daily MSD pressure (from the guage controller) 
on each AUTUNE report. After all prompts have been answered, 
open the calibration valve to introduce the calibration standard, 
perfluorotributylamine (PFTBA) into the MSD. After the AUTUNE 
is complete, the computer will beep. Shut the calibration 
valve and allow the PFTBA to pump from the system for approxi­
mately 15 minutes. A sample AUTUNE report appears in Fig. 2. 

. . 

Use program QKSCN to monitor the background of the MSD. 
Answer the prompts as follows: 

Autotune file: (0) 
Lower mass limit: (10) 
Upper mass limit: (400) 
Samples: (4) 
Mass Peak Threshold: (4) 

The MSD will then scan the given range and ask whether"to 
plot and/or tabulate the result. Answer prompts as follows. 

Plot (0), Tab (1), or Both (2): (2) 

NOTE: Background spectrum will immediately be plotted. 

% Abundance cutoff: (X) 

The abundance cutoff for the tabulation depends on the 
height of masses in the spectra. For most backgrounds, unless 
the source is dirty, the cutoff is 5%. This cutoff means that 
all mass heights which are less than 5% of the most abundant 
mass will not be tabulated. See Fig. 3 for a sample QKSCN report. 
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The GC/MS system must now be checked to see if acceptable 
performance criteria are achieved for DFTPP. 

These performance tests r.equire the following instrument 
parameters: 

Electron Energy: 70V (nominal) 
Mass Range: 35 to 450 amu 
Scan Time: To give at least 5 scans per 

peak but not to exceed 7 seconds per scan. 

DFTPP performance test--At the beginning of each day, 
inject 2 ~L (50 ng) of DFTPP standard solution. Obtain a 
background-corrected mass spectra of DFTPP and confirm that 
all the key m/z criteria in Table 1 are achieved. If all the 
criteria are not achieved, the analyst must retune the mass 
spectrometer and repeat the test until all criteria are achieved. 
The performance criteria must be achieved before any samples, 
blanks, or standards are analyzed. 

At the end of each day, press STOP on the OS and lower 
the GC temperature to 30°C. When the GC temperature reaches 
30°C, momentarily turn off the helium carrier gas flow, and 
change the injection port septa. Turn the carrier gas on and 
raise the GC temperature to its overnight temperature of 150°C. 
Be sure the gauge controller is off. Set the injection port 
temperature between 150°C and 180°C overnight. 

9. Preparation of Standards 

• Surrogate standard spiking solution - see Table 2 for a 
list of surrogate compounds to be obtained from Supelco. 
Prepare one solution containing three of these surrogate 
compounds-Tone for the acid fraction and two for the 
base/neutral fraction) at a concentratoin of 40~g/ml 
in methanol. Addition of 1.0 ml of this solution to 
1000 ml of sample is equivalent to a concentration of 
40~g/L for each surrogate compound. Store the spik-
ing solution at 4°C in a teflon sealed glass container. 
The solution should be checked frequently for stability 
and replaced after two months or sooner if comparison 
with quality control check standards indicate a problem. 

• Internal standard (ISTD) solution - See Table 2 for a 
list of ISTD compounds to be obtained from Supelco. 
Acid fraction ISTD solutions are prepared separately 
from base/neutral fraction ISTD solutions. Three ISTD 
compounds are contained in each solution. Prepare a 
200~g/ml ISTD solution. The concentration of ISTD 
in all samples, standards and blanks should be lOOO~g/L. 
Just prior to GC/MS analysis, inject 50~1 ISTD for 
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each ml of sample or standard. (i.e., if a sample was 
concentrated to 5 ml, 250ul of ISTD should be added 
before analysis). ISTD solutions should be stored similarly 
to the surrogate spiking solution. 

• Calibration solutions - Prepare calibration standards as 
described below. Three concentration levels are needed. 
Note that the calibration standard solutions must include 
the surrogate spike compounds at three concentration levels. 

Acid Fraction Calibration Standards: 

Level 1: Inject 2Sul of the phenol stock into a clean 5-
ml volumetric flask which is partially filled with 
methylene chloride. Do not make any injections 
into the neck of the flask because this will result 
in poor recovery of compounds. Inject 25ul of 
the phenol surrogate compounds into the same 5-ml 
flask. Dilute to the mark with methylene chloride 
and mix slowly by inversion three times. The 
concentration of Level 1 is 10 ppm. 

Level 2 & 3: To prepare calibration Level 2, add 1.0 ml of 
Level 1 solution to 1.0 ml methylene chloride 
(i.e., a 1:2 dilution of Level 1). Prepare Level 
3 by adding 1.0 ml of Level 2 solution to 1.0 ml 
methylene chloride. Calibration levels 2 and 3 
have concentrations of 5.0 and 2.5 ppm, respectively. 

Base/Neutral Fraction Calibration Standards 

Level 1: Inject SOul of each stock solution (including 
surrogate compound stock solutions) into a 5 ml 
volumetric flask partially filled with methylene 
chloride. Dilute to the mark with methylene 
chloride and mix slowly by inversion. The 
concentration of calibration Level 1 is 20 ppm. 

Levels 2 & 3: Calibration level 2 is a 1:2 dilution of Level 1 
solution prepared exactly as the Level 2 acid 
standard. Level 3 is a 1:2 dilution of Level 2. 
For base/neutrals, the concentrations of levels 2 
and 3 are 10.0 and 5.0 ppm, respectively. 
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10. Calibration 

Establish gas chromatographic operating parameters equiv­
alent to those indicated in Table 3. 

Internal standard calibration procedure--Internal standards 
(ISTD) similar in analytical behavior to the compounds of inter­
est have been selected. The measurement of the internal stand­
ards must not be affected by method or matrix interferences. 

The base peak ion is used as the primary ion for quanti­
tation of all compounds • If interferences are noted, one of 
the next two most intense ions are used for quantification. A 
list of primary and secondary ions for each analyte, surrogate 
and ISTD appear in Tables 4 and 5. 

After all calibration levels have been prepared, the 
appropriate amount of ISTD is added to each standard mixture 
(see Section 9). Follow the instructions for acquiring data as 
described in Section 11. Remember to store all spectra in the 
SAVE-ALL mode. Stored data is then integrated as described in 
Section 12. 

Once a calibration level has been analyzed and the data 
has been integrated, calculate response factors (RF) using 
equation 1: 

Equation 1. 

where: 

RF= 

As = Area of the characteristic m/z for the parameter to 
be measured 

Ais = Area of the characteristic m/z for the internal 
standard. 

Cis= Concentration of the internal standard (ug/L). 

Cs = Concentration of the parameter to be measured 
(ug/L). 

Response factors for each level are entered in a dated 
permanent record book (see Fig. 4 and 5). 
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Table 3. Gas Chromatographic (GC) and Mass Spec~rometric 
(MS) Operating Conditions for Analysis of Acid 
and Base/Neutral Extractables. 

GC -
Temperature 1 
Time 1 (min) 
Rate ( °C/min) 
Temperature 2 
Time 2 (min) 
Bead pressure 
Injection port 
Purge off time 

(psi) 
temp (°C) 
(splitless) 

(min) 
Carrier gas flow 

MS -
Detector on at (min) 
Detector off at (min) 
Mass peak detector threshold 

(linear counts) 
Scan speed (amu/sec.) 
Electron multiplier (volts) 
GC peak detector thre·shold 

(counts) 
Delay between scans in save-

all mode (sec) 
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Base/ 
Neutral 

30 
o.o 
7.0 
300 
20.0 
10 
250 
0.7 

2.50 
50.0 
10.0 

690 
1400 
800 

0.30 

Acid 
extractables 

30 
1.0 
12.0 
250 
15.0 
10 
150 
o.8 

2.50 
25.0 
10.0 

690 
1400 
800 

0.10 



Table 4. Characteristic Masses, and Retention Times of Base/ 
Neutral Extractables 

Compound Retention Primary Secondary 
time ion ion 

N-nitrosodimethylamine 3.06 42 74, 44 
bis(2-chlorethyl) ether 7.66 93 65, 95 
1,3-dichlorobenzene 8.00 146 148, 113 
1,4-dichlorobenzene 8.18 146 148, 113 
1,2-dichlorobenzene 8.68 146 148, 113 
bis(2-chloroisopropyl) ether 9.20 45 77, 79 
hexachloroethane 9.54 117 201, 199 
N-nitrosodi-n-propylamine 9.62 42 130, 101 
nitrobenzene 9.92 77 123, 65 
isophorone 10.68 82 95, 138 
bis(2-chlorethoxy) methane 11.60 93 95, 123 
1,2,4-trichlorobenzene 11.92 180 182, 145 
naphthalene 12.06 128 129, 127 
hexachlorobutadiene 12.08 225 223, 227 
hexachlorocyclopentadiene 15.28 237 235, 272 
2-chloronaphthalene 16.08 162 164, 127 
acenaphthy1ene 17.52 152 151, 153 
dimethylphthalate 17.66 163 194, 164 
2,6-dinitrotoluene 17.88 165 89, 121 
acenaphthene 18.20 153 154, 152 
2,4-dinitrotoluene 19.14 165 63, 182 
fluorene 19.88 166 165, 167 
4-chlorophenyl phenyl ether 20.18 204 206, 141 
diethyl phthalate 20.22 149 177, 150 
N-nitrosodiphenylamine 20.68 169 168, 167 
1,2-diphenylhydrazine 20.70 77 
4-bromophenyl phenyl ether 21.86 248 250, 141 
hexachlorobenzine 22.20 284 142, 249 
phenanthrene 23.32 178 179, 176 
anthracene 23.48 178 179, 176 
di-n-butylphthalate 26.06 149 150, 104 
fluoranthene 27.56 202 101, 100 
pyrene 28.28 202 lQl, 100 
benzidine 28.28 184 92, 185 
butyl benzyl phthalate 31.32 149 91, 206 
chrysene 32.78 228 226, 229 
benzo(a)anthracene 32.64 228 226, 229 
3,3-dichlorobenzidine 32.84 252 254, 126 
di-n-octylphyhalate 35.68 149 
bis(2-ethylhexyl) phthalate 33.58 149 167, 279 
benzo(b)floranthene 36.26 252 253, 125 
benzo(k)flouranthene 36.34 252 253, 125 
benzo(a)pyrene 37.22 252 253, 125 
indeno(l,2,3-cd)pyrene 40.56 276 138' 277 
dibenzo(a,h)anthracene 40.68 278 139, 279 
benzo(g,h,i)perylene 41.40 276 138' 277 

Internal Standards 
anillne-ds 98 70,71 
1-fluoronaphthalene 146 147,73 
phenanthrene-dlo 188 189,186 
benzo(a)anthracene-dl2 240 238,241 

Surrogates 
naphthalene-de 136 137.135 
4-fluoroaniline 111 83,84 



Table 5. Characteristic Masses, (MDL), and ~etention Times of 
Acid Extractable Compounds 

Compound Retention Primary Secondary 
time ion ion 

2-fluorophenol 4.98 112 64, 63 
phenol 6.52 94 65, 66 
2-chlorophenol 6.64 128 130, 64 
2-nitrophenol 8.74 139 65, 109 
2,4-dimethylphenol 8.90 107 122, 109 
2,4-dichlorophenol 9.20 162 164, 98 

9.60 128 130, 64 
4-chloropheonol 10.76 107 142, 144 
4-chloro-3-methylphenol 11.60 196 198, 200 
2,4,6-trichlorophenol 13.36 184 63, 154 
2,4-dinitrophenol 13.60 139 65, 109 
4-nitrophenol 14.50 198 121, 77 
2-methyl-4,6-dinitrophenol 14.80 330 332, 141 
2,4,6-tribromophenol 16.02 266 268, 264 
pentachlorophenol 

ISTD 
1-fluorophenol 
2,4,6-tribromophenol 

Surrogates 
phenol-ds 99 70,71 
pentafluorophenol 
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If the RF value over the working range is a constant (<35% 
relative standard deviation), the RF can be assumed to be 
invariant and the average RF can be used to plot a calibration 
curve of response ratios, As/Aisr vs. RF. This average RF is 
then used in all calculations. 

If the RF value is not a constant, then the RF whose area 
is closest to the area observed in the sample is used to calcu­
late the concentration of analyte. 

EXAMPLE: Pyrena's response factors are 0.3664, 0.7958, and 
1.202 for Levels 1, 2, and 3, respectively. Its 
RF is 0.7881 ± 53%. An area for pyrene of 7000 is 
observed in a sample. The area for a pyrene standard 
Level 2 was 6500. Therefore, Level 2's RF would be 
used to calculate the concentration of pyrene in the 
sample. 

The working calibration curve or RF is verified on each 
working day by the measurement of one or more calibration 
standards. If the response for any parameter varies from the 
predicted r~sponse by more than ± 25%, the test must be repeated 
using a fresh calibration standard. Alternatively, a new 
calibration curve must be prepared for that compound. 

11. Gas Chromatography/Mass Spectrometry Analysis 

The system is now ready for sample runs. Table 3 summar­
izes the recommended gas chromatographic operating conditions 
for the base/neutral fraction and the acid fraction. Examples 
of the chromatographic separations achieved by the column are 
shown in Figures 6 and 7. 

After conducting the GC/MS performance tests in Section 
8, calibrate the system as described in Section 10. 

Data is acquired and stored in program SCAN. Choose this 
program and answer the prompts: 

Procedure number: (X) 

NOTE: Choose procedure number 2 for base/neutral or 3 for 
acid fraction analytical conditions. 

Modify procedure? (1) 
Print GC information? (1) 

Answer the remaining prompts concerning GC and MSD infor­
mation as specified in Table 3. Note that there is no ballistic 
start for either method. Saving of spectra will always be 
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triggered on total abundance, ~nd only stripped spectra will 
be recorded. Also, remember that writing the GC parameters on 
the OS does ££! automatically set the GC itself. See pp.lO to 
12 of ref. 6 for instructions on preparing the GC temperature 
program on the GC. 

Sample ID? (X) 
Next spectrum to record? (X) 

NOTE: Pick the initial spectrum numbers low enough to insure 
that all necessary spectra in the run will be saved. 
For base/neutrals, the initial spectrum for each analysis 
must be 1, due to the large number of compounds analyzed. 
This means that each analytical run will "write over" 
spectra recorded in the previous run. Be sure that all 
integrations, library searches, and ion reconstructions 
are completed prior to the next run. 

Data will be stored in Drive 1 until 600 spectra have been 
saved. A typical base/neutral run uses between 500 and 600 
spectra. The number for an average acid fraction run is ap­
proximately 250. 

When "READY-press GO at injection" is displayed 
OS, the system is ready to accept data from the MSD. 
pp. 11-16 of ref. 4 and pp. 31-37 of ref. 2 for more 
concerning program SCAN. 

on t_he 
Refer to 

details 

The internal standard must be added to sample extract and 
mixed thoroughly immediately before injection into the instru­
ment. This procedure minimizes losses due to adsorption, 
chemical reaction, or evaporation. 

After verifying that the GC is at the correct initial tem­
perature and that the computer is ready to accept data, use a 
5 ul syringe to to inject 2 uL of the sample extract, 
standard, or reagent blank into the GC/MS system, then simul­
taneously press START on the GC and the f 0 key on the computer. 
Record the volume injected to the nearest 0.05 uL. 

Approximately 0.15 minute before a peak elution, the SAVE­
ALL special function key must be pressed. Only spectra acquired 
in the SAVEALL mode can be quantitated. However, beginning 
each run in the SAVE-ALL mode is wasteful of data storage space 
since the first peak may not appear for a number of minutes: 
therefore, it is turned off and on during the run as needed. 
Between peaks, stop the SAVE-ALL and return to the normal scan 
mode, by pressing the "SAVE 1" special function key approximately 
0.15 minutes after peak elution. (See pp. 31, 35, and 37 of 
reference 2.) 
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.If the response for any m/z exceeds the working range of 
the GC/MS system, dilute the extract and reanalyze. Note that 
to prevent overload, no more than 50 ng of a compound should be 
injected into the system. 

Perform all qualitative and quantitative measurements as 
described in Section 12. When the extracts are not being used 
for analyses, store them refrigerated at 4°C, protected from 
light in screw-cap vials equipped with unpierced Teflon-lined 
septa. 

12. Calculations 

The quantitation of a parameter is based on the integrated 
abundance of the primary characteristic ion in Tables 4 and 5. 
Use the base peak ion for internal and surrogate standards. 
If the sample produces an interference for the primary ion, 
use a secondary characteristic ion to quantitate. The area 
under the charactistic ion peak must be integrated before 
concentrations can be calculated. 

Enter program INTGTR to calculate these areas. Answer 
the prompts as follows: 

Method Number? (X) 

NOTE: The method ~ill contain the primary characteristic ion 
which must be quantitated. Two methods are required for 
base/neutral and one method is required for acid extract­
abies. If the methods are not already stored, each ion 
must be entered into a separate channel in the method. 
Note that each channel contains one ion. Answer prompts 
as follows: 

List Method: (1) 
Store as Method: (X) 
Use Scan (0) or Sim (1) data file: (0) 
Start at channel: (1) 
Stop at channel: (enter last channel t in method) 

NOTE: Scan numbers at which to start and stop the integration 
are taken from the chromatographic report after a run 
is completed. 

Slope sensitivity (20) 
Area threshold (75) 
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The integrator will then begin the area calculations. The 
following prompt will appear on the screen after integration 
is complete: 

Link to Report Generator? {1) 
Integrator file to List? {00) 
Drive number of INT file {1) 
I of channels to list? {21) 

NOTE: Entering 21 causes all channels entered in the 
method to be listed:--

Format {area) 
Area to key on {raw) 

NOTE: See p.37 of ref 4 for an explanation of the area 
types raw, horizontal, and tangent. 

Sometimes, the areas of all peaks of interest do not appear 
in the integration report. This usually indicates that the 
threshold for those peaks was set too high. On the other 
hand, if the entered threshold is too low, too many extraneous 
peaks may appear on the integration report. In either case, 
you may return to INTGTR and re-calculate only those channels 
containing the ion whose area must be re-done. (p. 41, ref. 
2). If this recalculation is necessary, answer (1) to the 
following prompt: 

Return to Integrator? {1) 

All the integrator prompts listed above will appear again. 
When the •t of channels to list?" prompt appears, enter only 
the channel number which must be re-done. Also, enter a RT 
range which contains only the peak to be recalculated. This 
will save considerable integration time. 

INTEGRATION EXAMPLE: 

An integration report shows no area counts for a peak at 
ion 94. 

This ion corresponds to channel t3 and elutes at 5.68 min. 
Study of the chromatogram shows a small peak at this RT. 
Reintegrate the peak as follows: 

Return to Integrator? {1) 
Method Number? (1 or 2) 
NOTE: Lower threshold for channel 3 when prompt 

appears. 
List Method? (1) 
Store as Method? (1 or 2) 
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Use Scan (0) or Sim (1) data file? (0) 
Start at channel #? (3) 
Stop at channel #? (3) 
RT to start? (4.50) 
RT to stop? (6.50) 
Slope sensitivity? (20%) 
Link to Report Generator? (1) 
Integrator File to Report? (00) 
Drive t of INT file? (3) 
t of channel to print? (3) 
Format: (area) 
Area to key on: (raw) 

A listing of all peaks having ion 94 should appear in 
this report. If the area threshold has been made low enough, 
the small peak at 5.68 should be integrated. Choosing a suit­
able area threshold is a skill which will become more refined 
as the analyst gains experience with the procedures. 

If you wish to print all or part of the integration report 
again, answer the prompts as follows: 

Return to Integrator?(O) 
Return to Manager? (0) 
Integrator file to list? (00) 
Drive number of INT file? (1) 
# of channels to list (x) 

The integration report for each characteristic m/z lists 
the retention times and area counts for all peaks containing 
that ion. If a match is observed, an Extracted Ion Current 
Profile (EICP) must be plotted before quantitation. An EICP 
is simply a plot of the primary and two secondary ion's vs. time. 
An EICP is used to verify that an integrated peak is indeed the 
analyte of interest and not an interfering compound which shares 
the primary ion. 

To obtain an EICP, enter program RE20, or Ion Reconstruct 
(pp. 30-39, re£.2). Answer prompts as follows: 

Procedure? (x) 
Return to Manager? (0) 
Drive # of PDATA? (1) 
First spectrum #? (see note) 
Last spectrum t? (see note) 
Last Disc #? (1) 
Trace 1#? (primary ion) 
Trace 2? (secondary ion) 
Trace 3? (secondary ion) 
Full scale (100) 
Smoothing (0) 



NOTE: Obtain first and last spectrum # from the appropriate 
integration report. Begin the ion reconstruction 5 
scans before and after "start scan number" and "stop 
scan number", respectively. 

The following criteria must be met to make a qualitative 
identification using the EICP: 

• The three characteristic masses of each parameter of interest 
must maximize in the same or within one scan of each other. 

• The retention time must fall within ±30 seconds of the 
retention time of the authentic compound. 

• The relative peak heights of the three characteristic masses 
in the EICPs must fall within ±20% of the relative inten­
sities of these masses in a reference mass spectrum. The 
reference mass spectrum can be obtained from a standard 
analyzed in the GC/MS system or from a reference library. 

Structural isomers that have very similar mass spectra and 
less than 30 s difference in retention time can be explicitly 
identified only if the resolution between authentic isomers 
in a standard mix is acceptable. Otherwise, structural 
isomers are identified as isomeric pairs. 

Another method for qualitatively identifying peaks used 
program LIBSER, or Library Search. Use the median scan number 
of the "start" and "stop" scan numbers listed in the integration 
report. This scan will serve as the representative spectrum 
for the peak of interest. A match between the sample spectrum 
and a reference spectrum exists if the correlation is greater 
than 0.95. A hard copy of all library spectra is kept on file. 
For more details concerning program LIBSER see p. 51, ref. 2. 

Once a peak has been integrated and its identity verified 
by the EICP, the concentration of each compound in the original 
sample is calculated using Equation 2: 

Equation 2 

in which 

Cone (ul)= 
CAs><Mis> 

(Ais)(RF)(V0 } 

As = Area of the primary ion for the parameter of interest in 
the sample. 

Mis = Mass (ug) of the IS~D in the sample 
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Ais = Area of primary ion for the ISTD in the sample 

RF = RF for parameter of interest 

V0 = Original sample volume 

Report results in ppb without correction for recovery 
data. A sample data sheet is shown in Fig. 8 and 9. All QC 
data obtained should be reported with the sample data. 

13. Quality Control 

This laboratory operates a formal quality control program. 
The minimum requirements of this program consist of an initial 
demonstration of laboratory capability and an ongoing analysis 
of spiked samples to evaluate and document data quality. This 
laboratory maintains records to document the quality of data 
that is generated. Ongoing data quality checks are compared 
with established performance criteria to determine if the re­
sults of analyses meet the performance characteristics of the 
method. When results of sample spikes indicate atypical method 
performance, a quality control check standard is analyzed to 
confirm that the measurements were performed in an in-control 
mode of operation. 

Overview 

The analyst must make an initial, one-time, demonstration 
of the ability to generate acceptable accuracy and precision 
with this method. This ability is established as described in 
Part A of this section. 

Each time a modification is made to the method, the analyst 
is required to repeat the procedure in Part A. 

• Each time a set of samples is extracted or reagents are 
changed, a reagent water blank must be processed as a 
safeguard against laboratory contamination. Before 
processing any samples, the analyst must analyze a rea­
gent water blank to demonstrate that interferences from 
the analytical system and glassware are under control. 

• The laboratory must, on an ongoing basis, spike and 
analyze a minimum of 5% of all samples to monitor and 
evaluate laboratory data quality. This procedure is 
described in Part B. 
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BASE/NEUTRAL EXTRACTABLE ANAL~SIS 
Pg ot 

Cliene: GC Column: 

Analvse: !!H lfoltaae: 

Data Checlt: 

Analvsis Dace 
!!MES ID 
Client: ID 
OZ'ic;inal Salll)le Volume (!all 

or Mlaa (q_) 

!!xt:ract: Volum. (mll 
Pinal Conc•nt:ration (c~bl 

Y-nitrosodi .. ehvlamine 
ois(2-~loroeehyllecher 
l 3-dicblorobenzene 
1,4-dicnlorobenz•ne 
1 2-dichlorobenz•ne 
oia(2-cbloroiso~r~llether 

Y-nitrosodi-n-oroovlamine 
hexachloroethane 
nitrobenzene 
isoohorone 
bis<2-ehloroeehCL~l=eehane 

l 2,4-t:richlorooenzene 
naot:halene 
hexachlorobut:adiene 
hexachloroeveooentadiene 
2-chloronaohehalene 
41methvloht:halate 
ac•naoh t:hv_lene 
2 4-dinit:rot:oluene 
ac•na!!_h t:h•ne 
2 4-dinit:rot:oluene 
41eehvloht:halat• 
_f_luonne 
4~nlorcohenvl on•nvl eeher 
M-nit:roaodiohenvlamine 
azobenzene 
4-brolllOOhenvlohenvleeh•r 
hexachlorooenzene 
anenanc.lu:•n• 
anttlrac•ne 
41-n-butvloht:halate 
Uuorant:hene 
benztdene 
anene 
but:vl oenzvl oht:halat:• 
oenzo(alanthrac•n• 
3.3-dictlloroben:idine 
enrysen• 
bis<2-et:hvl hexvll oht:alace 
di-n-oc~~l oht:halat:e 
oen:o(blfluorant:hene 
oen:o(klfluroancnene 
oen:o(alovrene 
indeno<l.2.J-e,dl~vr•n• 

diben:o<a.olancnrae•ne 
=•n:o < c: h )Jterv len• 



Acid Extractable Data 

Client: 

Analyst: 

Data Check: 

Analysis Date 

Mr£S m 

Client m 

Samolinc Date 

Oriqinal Sample Vol (ml) or M!ss ( q) 

Extract Volume (ml) 

phenol 

2-nit:rc:lQhenol 

2, 4-dimethylphenol 

2, 4-dichloroQhenol 

4-ch.loro-3-methvlphenol 

2,4,6-trichlorcphenol 

2, 4-dini ~henol 

4-nitrophenol 

2-methyl-4,6-dinitrophenol 

.QentachloJ:Ophenol 
-

% Recovery of Surt"C::ga te: 

Figure 9. Acid Extractable Data 
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• The laboratory must, on an ongoing basis, demonstrate 
through the analyses of quality control check standards 
that the operation of the measurement system is in 
control. This procedure is described in Part c. The 
frequency of the check standard analyses is equivalent to 
5% of all samples analyzed but may be reduced if spike 
recoveries from samples (Part B) meet all specified 
quality control criteria. 

• The laboratory maintains performance records to document 
the quality of data that is generated. This procedure 
is described in Part D. 

A. INITIAL DEMONSTRATION OF ANALYTICAL ABILITY 

To establish the ability to generate acceptable accuracy 
and precision, the analyst must perform the following operations. 

A quality control (QC) check solution is required containing 
each parameter of interest. 

The EC check solution is prepared similarly to the calibra­
tion solution Level 2 (see Section 6.2.1). The concentration 
is 5 ppm for the acid fraction and 10 ppm for the base/neutral 
fraction. 1.0 ml of each QC check solution is added to each 
of four 1000 ml aliquots of reagent water. 

Using a pipet, prepare QC check samples at a concentration 
of 100 ~g/L by adding 1.00 mL of QC check sample concentrate to 
to each of four lL aliquots of reagent water. 

Analyze the well-mixed QC check samples according to the 
method beginning in Section 7. 

Calculate the average recovery (X) in ~g/L, and the 
standard deviation of the recovery(s) in · ~g/L, for each 
parameter using the four results. 

For each parameter compare s and X with the corresponding 
acceptance criteria for precision and accuracy, respectively, 
found in Table 6. If s and X for all parameters of interest 
meet the acceptance criteria, the system performance is accep­
table and analyses of actual samples can begin. If any indi­
vidual s exceeds the precision limit or any individual X falls 
outside the range for accuracy, the system performance is 
unacceptable for that parameter. 

NOTE The large number of parameters in Table 6 present a sub­
stantial probability that one or more will fail at least 
one of the acceptance criteria when all parameters are 
analyzed. 



Table 6. QC Acceptance Criteria - Method 625 

..._ T-~ Umila far • 11'41 A.-.ge far X(1'41 ~·'"· (114/l) l) l) 

~- 100 27.1 10.1-132.3 47•145 
~.......,.... 100 40.2 53.5-1&0 33-ol46 
AldM tOO 31.0 7.2-152.2 ~~-.....,_ 100 32.0 43.4-111.0 27-t:a ....,.,..._ 100 27.1 41.1-13:1.0 :13-143 ....... 100 31.1 42.0.1<10.4 24--158 .............. 100 32.3 25..2-141.7 11•112 

tOO 31.0 31.7-141.0 17-113 

~,......._ 100 51.1 D-111.0 D-211 
100 zu D-131.1 D-152 ~....,. 
100 31.5 41.5-130.1 24--141 

~ 100 21.1 D-100.0 D-110 
a.cz~ 100 55.0 42.1-1&0 12•151 
S.CZ<IIIal ...... 100 :s..s 411.2·1 ... 7 :13-1 .. 
lia(2<filla . I_,..,. 100 41.3 12.1-131.1 ,.., .. 

tOO 41.1 21.1-131.1 l-151 
.......... Ill*¥ .... 100 23.0 kl-114.4 ~127 
2.QIIollll ......... 100 13.0 ...5-113.5 10-111 
4.QIIol ... .,. Ill*¥ .... 100 3:1.4 31.4-144.7 25-151 ...... ... 100 41.3 44.1-131.1 17-111 
4,4'.QOO 100 31.0 D-134.1 D-146 ..... ~ 100 32.0 111.2-111.7 4-131 
4,4·~ 100 lt.l D-170.1 D-203 
OIIMraDI-.11,. ... _. 100 70.0 D-111.7 D-227 
~.--... ·--- 100 11.7 1.4-111.0 1-111 
1.2-0icliiiiiOO..-. - -·· ··-·-····· 100 30.1 48.1-112.0 32-121 
I,:J.OichloiOO..-•- ---------------------·········· 100 41.7 11.7-113.1 1).172 
1.4.-0idllooaoenz•• -·----·--· 100 32.1 37.3-105.7 1 2G-124 
3.3"~00..adl• -·- --- 100 71.4 1.2-212.5 D-2112 
Oielont -· 100 30.7 44.3-111.3 21-1:)1 
Olelll,f~ -- 100 21.5 D-100.0 0.114 
~ ......... _____ .. 

100 23.2 D-100.0 D-112 
2.4-0ioil tal - -·---·····---·--·-· 100 2U 475-121.1 ll-131 
2.~ - ··-··-····--·-·-···-··-···-··· 100 21.1 11.1-131.7 SG-154 
~ .. - -·----·····-··---····---·--·······-··.1 100 31.4 11.1-131.1 4-146 
e-.... ........ ···-········-------· 100 11.7 D-103.51 D-107 Endlin...,. ----·-·-·--·- 100 32.5 D-181.1 D-209 
"'--'*- ·---·- 100 32.1 42.1-121.31 21-137 
l'lual-. ·-- 100 20.7 71.1-101.4 Y-121 .___ ______ ... 

100 372 D-112..2 D-IU .____.... ---.. -··--·· 100 54.7 10.1-101.4 21-155 
~t...allal-.~n~• ·--·--- 100 24.1 7.1-141.51 ~~~ 
Ha:acnkw~tltJiaOil • 100 21.3 24-IIC ---·-· 37.1-102.2 

~- ... 100 24.5 51.2-100.0 oi0-113 
....... 1~ 100 44.1 D-150.1 D-171 ....,_.. 100 13.3 41.1-110.2 21-lM ............ - 100 :3G.I 35.1-111.1 21·1!13 
-UOU&==• ·- 100 31.3 54.3-157.1 ~110 H-.,.., .. ~--· 100 51.4 1~1-117.1 ~ 
JIC8.t210 100 54.2 11.3-121.0 0.1 .. 
'""-....... 100 20.8 11.2·101.7 $o<c.·lal) ,.,... 100 25.2 •t-100.0 52-115 
I .2.4-ToiGNIIIOO..-• 100 21.1 57.3-121.2 44-142 
4.Qib~[ll 100 37.2 40.1-127.1 22·147 

100 21.7 311.2-120.4 23-134 
2.4-0k:ftol ......... 100 21.4 52.5-121.7 :11-13$ 
2.4oCiilt....,. .... 100 21.1 41.1-101.0 32-111 
2. 100 .... D-112.1 0.111 
~ ............. 100 13.2 53.o-IOO.O D-111 

100 3U 45.0.1-7 21-112 
100 47.2 13.0.101.5 D-132 
100 41.1 31.1-111.1 14-111 ........ 100 zu 11.1-100.0 $..112 

2. ... TIIclllal ...... 100 l1.7 52.4-121.2 37-1 ... 

1·....,....,. far taw._, 7 , ........ in~::::: u4t. 
-~ far taw_., MIIIUWI ..... in L 1.2.41. 
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When one or more of the parameters tested fail at least 
one of the acceptance criteria, the analyst chooses one of two 
alternatives:· 

1. Locate and correct the source of the problem and 
repeat the test for all parameters of interest. 

2. Repeat the test only for those parameters that failed 
to meet criteria. Repeated failure, however, will 
confirm a general problem with the measurement system. 
If this occurs, locate and correct the source of the 
problem and repeat the test for all compounds of 
interest. 

B. ANALYSIS OF QUALITY CONTROL SPIKES 

The laboratory, on an ongoing basis, spikes at least 5% 
of the samples from each sample site being monitored to assess 
accuracy. When 1 to 20 samples are analyzed per month, at 
least one spiked sample per month is required. 

If, as in compliance monitoring, the concentration of a 
specific parameter in the sample is being checked aginst a 
regulatory concentration limit, the spike should be at that 
limit or 1 to 5 times higher than the background concentration, 
whichever concentration would be larger. 

If the concentration of a specific parameter in the sample 
is not being checked against a limit specific to that parameter, 
the spike should be 1 to 5 times higher than the background 
concentration, whichever concentration would be larger. 

If it is impractical to determine background levels before 
spiking (e.g., maximum holding times will be exceeded), the 
spike concentration should be (1) the regulatory concentration 
limit, if any: or, if none (2) the larger of either 5 times 
higher than the expected background concentration or 100 ~g/L. 

Analyze one sample aliquot to determine the background con­
centration (B) of each parameter. If necessary, prepare new 
QC check sample concentrate (Part A) appropriate for the back­
ground concentrations in the sample. Spike a second sample 
aliquot with 1.0 mL of the QC check sample concent+ate and 
analyze it to determine the concentration after spiking (A) of 
each parameter. Calculate each percent recovery (P) as 100 
(A-B)%/T, where T is the known true value of the spike. 

Compare the percent recovery (P) for each parameter with 
the corresponding QC acceptance criteria found in Table 6. 



These acc~ptance crlteria were calculated to include an allow­
ance for error in measurement of both the background and spike 
concentrations, assuming a spike to background ratio of 5:1. 
This error will be accounted for to the extent that the analyst's 
spike to background ratio approaches 5:1. If spiking was per­
formed at a concentration lower than 100 ~g/L, the analyst 
must use either the QC acceptance criteria in Table 6, or 
optional QC acceptance criteria calculated for the specific 
spike concentration. To calculate optional acceptance criteria 
for the recovery of a parameter: (1) calculate accuracy (X') 
using the equation in Table 7, substituting the spike concen­
tration (T) for C; (2) calculate overall precision (S') using 
the equation in Table 10, subsituting X' for X; 3) calculate 
the range for recovery at the spike concentration as (100 
X'/T)±2.44(100 S'/T)%. 

If any individual P falls outside the designated range for 
recovery, that parameter has failed the acceptance criteria. 
A check standard containing each parameter that failed the 
criteria must be analyzed as described in Part c. 

C. PROCEDURE FOR PARAMETER WHICH FAILED CRITERIA 

If any parameter fails the acceptance criteria for recovery 
in Part B, a QC check standard containing each parameter that 
failed must be prepared and analyzed. 

NOTE: The frequency for the required analysis of a QC check 
standard will depend on the number of parameters being 
simultaneously tested, the complexity of the sample ma­
trix, and the performance of the laboratory. If the 
entire list of single-component parameters in Tables 4 
and 5 must be measured in the sample in Part B, the 
probability that the analysis of a QC check standard 
will be required is high. In this case the OC check 
standard should be routinely analyzed with the spike 
sample. 

Prepare the QC check standard by adding 1.0 mL of QC check 
sample concentrate to 1 L of reagent water. The QC check 
standard needs only to contain the parameters that failed 
criteria in the test in Part B. 

Analyze the QC check standard to determine the concentra­
tion measured (A) of each parameter. Calculate each percent 
recovery (Ps) as 100 (A/T)%, where T is the true value of 
the standard concentration. 

Compare the percent recovery CPs) for each parameter with 
the corresponding QC acceptance criteria found in Table 6. 
Only parameters that failed the test in Part B need to be 
compared with these criteria. If the recovery of any such 



parameter falls outside the designated range, the laboratory 
performance for that parameter is judged to be out of control, 
and the problem must be immediately identified and corrected. 
The analytical result for that parameter in the unspiked sample 
is suspect and may not be reported for regulatory compliance 
purposes. 

As part of the QC program for the laboratory, method accu­
racy for wastewater samples must be assessed and records must 
be maintained. After the analysis of five spiked wastewater 
samples as in Part B, calculate the average percent recovery 
<'> and the standard deviation of the percent recovery (s ). 
Express the accuracy assessment as a percent interval fro~ P-2sp 
to P+2s • If P=90% and s =10%, for example, the accuracy 
interva£ is expressed asp70-ll0%. Update the accuracy assessment 
for each parameter on a regular basis (e.g. after each five to 
ten new accuracy measurements.) 

E. ANALYSIS OF SURROGATES 

The analyst monitors both the performance of the analytical 
system and the effectiveness of the method in dealing with each 
sample matrix by spiking each sample standard and reagent blank 
with a surrogate solution. See Section 9 for the preparation 
of this surrogate. 

Field duplicates are analyzed to assess the precision of 
the environmental measurements. Whenever possible, the labora­
tory analyzes standard reference materials and participates 
in relevant performance evaluation studies. 

14. Method Performance 

See Appendix C for the method used to determine the method 
detection limits. The method detection limit (MDL) is defined 
as the minimum concentration of a substance that can be meas­
ured and reported with 99% confidence that the value is above 
zero. The MDL actually achieved in a given analyses will vary 
depending on instrument sensitivity and matrix effects. A list 
of MDL required by EPA is included in Appendix D. 

15. Maintenance 

There are several preventitive maintenance tasks which aid 
in system performance and help to minimize downtime of the 
GC/MS. Although some of these tasks listed in Table 8 have 
been described in previous sections of this document, they are 
repeated to provide a convenient reference. 



Table 7. Method Accuracy and Precision as Functions of 
Concentration - Method 625 

····--·-···-·······-
···----·-··· 
·····-·····-···-······-· 
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---········-··············-······-· ....... ,.,. .... , .. ,,, .. ,,, ... ,, .. ,_ 

---······-·--········· ~~~~---------------------------------·­
~-----------------------------------------------·----·-··-·--··· ·---··-·-· 
~-----------------------------------------·-·----·--· 
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Table 8. Preventive Maintenance Schedule 

When 

GC 

nightly 

nightly 

2 mos 

2 mos 

3 mos 

weekly 

as needed 

as needed 

as needed 

as needed 

as needed 

MSD/DS 

daily 

daily 

daily 

wekly 

3 mos 

change injection port septa 

oven temp. and inj. port temp. 
at 150°C 

condition trap 

chemical filter conditioning 

clean inj. port liner 

check He. pressure and change 
tank when pressure <400psi 

condition s-trap on carrier gas 
(whenever he. tank is changed) 

condition new speta at 250°C for 
12 hours 

clean inj. port gas inlet tube 

install new moisture trap after 
8-10 condition ings as needed 

when h~. tank is changed or new 
column installed run a column 
flow check (see section 10) 

turn off gauge controller when 
not in use 

run program START 

run Autotune and quickscan 

check oil level in rough pump. 
Add oil if not l/2 full 

check and refill calibration 
vial with PFTBA 
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20129 
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Table 8. Continued 

When 

6 mos 

as needed 

as needed 

as needed 

as needed 

3 mos 

3 mos 

as needed 

MISCELLANEOUS 

monthly 

change oil in rough & turbo­
moleaular pumps 

clean ion source 

back up all pertinent data 
using data tape cartridges 

replace worn or broken filaments 

update library and current 
drive configuration 
(file hard copies) 

replace electron multiplier 
(approx every 18-24 
months depending on use) 

clean fans and air filters in 
HP 9825T computer, 9134A 
Winchester, and 2671G 
Printer 

clean tape transport head in 
9825T Desktop computer 

run calculator tests for 9825T 
computer using Systems Test 
cartridge (09825-90036) 

check inventory of spare parts 
and order back-up supplies 
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Appendix A: Reference File 

(1) Longbottom, James E., Lechtenberg, James J., editors, 
Methods for Organic Chemical Analysis of Municipal and 
Industrial Wastewater, " (EPA-600/4-82-057) Method 625, 
Base/Neutrals, Acids, and Pesticides", July, 1982. 

(2) Operator's Manual, Disc-Based Software in the HP 9134A 
Winchester Disc Drive for the HP 5970A Mass Selective 
Detector. 

(3) HP 5970A Mass Selective Detector Reference Manual. 

(4) HP 5970A Mass Selective Detector Operator's Manual. 

(5) HP 5790A Gas Chromatograph Reference Manual. 

(6) HP 5790A Gas Chromatograph User's Manual. 

(7) u.s. EPA 1984, Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, sw 846, 2nd Ed. 

(8) Federal Register, Vol. 49 No. 209/Fri. Oct. 26, 1984, 
Rules and Regulations 

(9) Martin Marietta Waste Analysis Plan 
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APPENDIX B: Disk Operating System Options (Rev l/14/83) 
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Appendix B: Disk Operating System Options (Rev 1/14/83) 

# 

1 
2 

3 
4 

5 
7 
8 
9 

10 

11 
12 
13 
15 

20 
22 
23 

44 
45 
46 
47 
48 

30 
35 
36 

CODE 

AU 
OV 

sc 
OS 

PT 
RE2 
XSP 
XP 

SY 

LS 
LE 
LM 
co 

SI 
S2 
xs 

******* 

IN 
IE 
IR 

.ou 
REPL 

NAME 

AUTUNE 
OVRIDE 

DESCRIPTION 

AUTOTUNE 
OVERRIDE 

******* SCANNING PROGRAMS ******* 

SCAN ACQUIRE SCANNED DATA 
OKSCN QUICK SCAN WITH PLOT AND TAB 

PLOTAB PLOT and TABULATE SPECTRA 
RE20 ION RECONSTRUCTION OF CHROMATAGRAMS 
XYSPEC PLOT SPECTRA ON X/Y PLOTTER 
XYPLOT RECONSTRUCT CHROMATOGRAMS ON XY 

PLOTTER 
SYNTH SUBTRACT AND SYNTHESIZE SPECTRA 

LIBSER LIBRARY SEARCH 
LIBED ADD, REPLACE, AND SHOW LIBPARY SPECTRA 
LIBMOD MODIFY MISCELLANEOUS LIBRARY PARAMETERS 
COMMUN COMMUNICATIONS PROGRAM FOR REMOTE 

COMPUTERS 

******* S.I.M. PROGRAMS ******* 

SIM ACQUIRE SIM DATA 
SIM20I ION RECONSTRUCTION OF SIM DATA 
XYSIM PLOT SIM DATA ON X/Y PLOTTER 

INTEGRATION/OUANTITATION PROGRAMS ******* 

INTGTR INTEGRATOR (SCAN/SIM DATA) 
I NT EDT INTEGRATOR METHOD EDITOR 
INTRPT INTEGRATOR REPORT GENERATOR 
QUANT QUANTITATION (Norm. ESTD, ISTD) 
REPLAY INTEGRATION METHOD PLOT 

******* GENERAL PURPOSE PROGRAMS ******* 

OM 
PR 
NM 

DMARK 
PROCED 
NORMOD 

DISK MARKING PROGRAM 
PROCEDURE EDITING PROGRAM 
MODIFY NORMALIZATION SPECTRUM 

TO RUN THE PROGRAMS, ENTER EITHER THE NUMBER(S), THE CODE 
CHARACTERS, OR THE PROGRAM NAME, FOLLOWED BY THE CONTINUE 
KEY, BOTH UPPER AND LOWER CASE LETTERS MAY BE USED. 

ERROR D4 MEANS THE DISK FILE IS NOT PRESENT ON THE DISK 
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. A- -D-.n;; a: Part 138-Defioitio~ -;na...., (b) If the MDL Ia to be determined in 
~ure for the DetermiDadoa of the \ another aemple matrix. analyze th~ ~ample. If 
M thod D tecti Limit-Revision 1.11 } the meaaured level of the analyte •• an the 

e ~. 00,~- __ -- " recommended range of one to five times the 
~ · estimated detection limit. proceed to Step 4. 

The method detection limit (MDL) Is If the meaaured level of analyte is lesa than 
defined as the minimum concentration of a the estimated detection limit. add a known 
substance that can be measured and reported amount of analyte to bring the level of 
with 99'3' confidence that the analyte analyte between one and five times the 
concentration ia greater than zero and Ia estimated detection llmiL 
determined from analysis of a aemple In a If the measured level of analyte Ia greater 
Jiven matrix containing the analyte. than five timea the estimated detection limit. 
ScofHI and Application there are two optioaa. 

This procedure is designed for applicability (1) Obtain another aemple with a lower 
to a wide variety of sample types ranging level of analyte In the same matrix if 
from reagent (blank) water containing pouible. 
analyte to wastewater containing analyte. (Z) The sample may be uaad as ia for 
The MDL for an analytical procedure may determining the method detection limit if the 
vary aa a function of sample type. The analyte level don not exceed 10 times the 
procedure requires a complete. apeciftc. and MDL of the analyte in reagent water. The 
well defmed analytical method. It Is esaential variance of the analytical method changes as 
that ail aample procasaing atepa of the the analyte concentration lncreaaes from the 
analytical method be included in the MDL. hence the MDL determined under these 
determination of the method detection limit. cii'CUIIlltances may not truly reflect method 

The MDL obtained by this procedure ia variance at lower analyte concentration•. 
used to judge the significance of a single 4. (a) Take a minimum of seven aliquots of 
measurement of a future sample. the sample to be used to calculate the method 

The MDL procedure was designed for detection limit and process each through the 
applicability to a broad variety of physical entire analytical method. Make all 
and chemical methods. To accomplish this, ed 

computations according to the defin 
the procedure was made device- or method with final results in the method 
instrument-independent. 

reporting unitL If a blank measurement is 
Proctlfiure required to calculate the measured level of 

1. Make an estimate of the detection limit analyte. obtain a separate blank 
using one of the following: meeaurement for each sample aliquot 

(a) The concentration value that analyzed. The average blank measurement is 
corresponds to an Instrument signal/noisaln aubtracted from the respective sample 
the range of 2.S to 5. meaaurementL 

(b) The concentration equivalent of three (b) It may be economically and technically 
times the standard deviation of replicate deairable to evaluate the estimated method 
in1trumental measurements of the analyte in detection limit before proceeding with 4a. 

reagent water. Thia wiU: (1) Prevent repeating this entire 
(c) That region of the standard curve where procedure when the COils of analyses are 

there is a significant change In aensitivity. hlgll and (%)insure that the procedure is being 
i.e~ a break In the slope of the standard conducted at the correct concentration. It ia 

~lbtstrwnentallimitations. quite po.sible that an intlated MDL will be 
It ia recognized that the experience of the c:alculated from data obtained at many times 

analyst is important to thia proceu. the real MDL even thougll the level of analyte 
However. the analytt muat include the above ialeu than five times the c:alculated method 
considerationa In the initial eatimate of the detectionlimiL To insure that the estimate of 
detection limit. the method detection limit ia a good eatimate. 

z. Prepare reagent (blank) water that ia a1 It il neceuary to determine that a lower 
free of analyte aa pouible. Reagent or concentration of analyte will not result in a 
interference free water ia defined aa a water aigniftcantly lower method detectioa limit. 
sample in which analyte and Interferant Take two aliquots of the sample to be uaad to 
concentrations are not detected at the c:alculate the method detection limit and 
method detection limit of each analyte of proc:eu each througlJ the entire method. 
Interest. Interferences are defiDed a• including blank measurements as descnbed 
syatematlc errora In the measured analytical above 1n 4a. Evaluate these data: 
signal of an established procedure cauaed by (1) If thesa meaaurements indicate the 
the pretence of interfering species sample ia in desirable range for 
(interferant). The interferant concentration is determination of the MDL take five 
presupposed to be normally distributed In additional aliquot• and proceed. Use all 
representative samples of a given matrix. seven meaaurements for calculation of the 

3. (a) If the MDL ia to be determined In 
reagent (blank) water. prepare a laboratory MDL 
standard (analyte in reagent water) at a (2) If these measurements indicate the 
concentration which is at least equal to or in sample i1 not In correct range. reestimate the 
the same concentration range as the MDL obtain new sample as in 3 and repeat 
estimated method detection limit. either 4a or 4b. 
(Recommend between 1 and 5 times the 5. Calculate the variance (S1 ) and standard 
estimated method detection limit.) Proceed to deviation (S) of the replicate measurements. 
Step 4. aa follows: 

i • (~)1/l 

where: 
Xt; i•lto n. .-are the analytical result• in 

the final method reporting units obtained 
from the n sample aliquot• and I refera 
to the sum of the X value• from i •l to n. 

8. (a) Compute the MDL aa followa: 

MDL• t•··•·•·• • o •• , (S) 

where: 
MDL • the method detection limit 
11 •. 1•1 ... ·''' • the studenta' t value 

appropriate for a 99" confidence level 
and a atandard deviation estimate with 
n-1 degrees of freedom. See Table. 

S • standard deviation of the replicate 
analyses. 

(b) The 95" confidence interval estimates 
for the MDL derived in 6a are computed 
according to the following equations derived 
from percentiles of the chi square over 
degrees of freedom distribution 1.•/df). 

LCL • 0.64 MDL 
UCL a Z.ZO MDL 
where: LCL and UCL are the lower and 

upper 95" confidence limits respectively 
based on seven aliquots. 

7. Optional iterative procedure to verify the 
reuonableness of the estimate of the MDL 
and subsequent MDL determinations. 

(a)lf this is the initial attempt to compute 
MDL based on the estimate of MDL 
formulated in Step 1. take the MDL as , 
calculated in Step 8. spike wthe matrix at th~ 
calculated MDL and proceed through the 
procedure starting with Step 4. 

(b)lf thia ia the second or later iteration of 
the MDL calculation. use 5 2 from the current 
MDL calculation and S1 from the previous. 
MDL calculation to compute the F-ratio. The 
F·ratio i1 calculated by sub1tituling the larger 
S1 into the numerator ~'and the othert into 
the denominatorS' .. Tfi'e computed F-ratio is 
then compared with the F-ratio found in the 
table which ia 3.05 a1 followa: if S2

4 / 

51
1 <3.05. then compute the pooled standard 

deviation by the following equation: 

[ 
88' .. +88'. ] s-- "" 12 

if S1
4/S'1 >3.05. respike at the moat recent 

calculated MDL and process the samples 
throuldt the procedure starting with Step 4. If 
the most recent calculated MDL does not 
permit qualitative identification when 
samples are spiked at that level. report the 
MDL as a concentration between the current 
and previous MDL which permits qualitative 
identification. 

(c) Use the s_ as calculated in 7b to 
compute the final MDL according to the 
following equation: 
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MDL•Z.eat(s_) 
where z.eat Ia equal to leu. s-. •.99). 

(d) The 95" confidence limill for MDL 
derived in 7c are computed accordina to the 
followina equatioftl derived from precentilea 
of the chi ~quared over degrees of freedom 
distribution. 

LCL•0.72 MDL 
UCL•1.6S MDL 

where LCL and UCL are the lower and upper 
95" confidence Umitl respectively based on 
14 aUquots. 

TABUS OF STuDENTS' t VALUES AT THE 99 

P!AC&NT C0Nf1DENC& lEVeL 

a..-..... ,.,..... of ...... -hedDnl 

~~· 
7 • 3.14 

• 7 z.• • • 2.IM 
10 • 2.121 
11 10 Z.7M 
11 IS• 2.102 
21 20 2..521 
21 25 2.485 
31 30 2.4$7 
11- 50 2.3fiO 

00 ·--··--·--·· 00 2.328 

Reporting 
The analytical method used must be 

specifically identified by number or title and 
the MDL for each analyte expressed in the 
appropriate method reporting units. If the 
analytical method permitl options which 
affect the method detection limit. these 
conditions must be specified with the MDL 
value. The sample matrix used to determine 
the MDL must also be identified with MDL 
value. Report the mean analyte level with the 
MDL and indicate if the MDL procedure waa 
iterated. If a laboratory standard or a sample 
that contained a known amount analyte waa 
used for this determination. also report the 
mean recovery. 

If the level of analyte in the sample was 
below the determined MDL or does not 
exceed 10 times the MDL of the analyte iD 
reagent water, do not report a value for the 
MDI. 

Appeadix C to Put ~ductively 
Coupled Plasma-Atomic Em.iaioa 
Spectrometric Method for Trace Element 
Aaalysis of Water and Wastes Method 
Z00.7 

1. Sco[Jfl and AppliC4tion 
1.1 This method may be used for the 

determination of dlasolved. suspended. or 
total elementl in drinking water. surface 
water. and domestic and industrial 
wastewaters. 

1.2 Dissolved elements are determined in 
filtered and acidified samples. Appropriate 
stepa must be taken in all analyses to ensure 
that potential interferences are taken into 
account. This is especially true when 
disaolved solids exceed 1500 mg/1.. (See 
section 5.) 

1.3 Total elements are determined after 
appropriate digestion procedures are 
performed. Since digestion techniques 
' · •nli~• l'"nnt•nt nl th• 

~a~~~plea. appropriate atepa must be taken to 
correct for potential interference effecta. (See . 
sec:tion 5.) 

1.4 Table 1 U.tl elementl for which thia 
method appUu aloq with recommended 
waveleqtba aud typical estimated 
iftltru.mental detection limits using 
conventional pneumatic nebulization. Actual 
workiq detectionlimitl are •ample 
dependent and aa the IIDlple matrix varies. 
theae concantrations may also vary. In time. 
other elementl may be added aa more 
information becomea available and aa 
required. 

1.5 Because of the difference• between 
various malcea and modela of satiafactory 
iftltrwlleDll. no detailed iftltnmiental 
operatina inltructiou can be provided. 
lftltead. the analyst Ia refernd to the 
iftltnlctiOD provided by the manufacturer of 
the particular iftltru.ment. 

Z. Summary of Method 
Z.l 'I1le method deiCribea a teclmique for 

the simultaneoUII or aequential multielement 
determination of trace elements in solution. 
The basis of the method is the measurement 
of atomic emission by an optical 
spectroecopic technique. Samples are 
nebulized and the aerosol that is produced is 
transported to the plasma torch where 
excitation occurs. Characteriatic atomic-line 
emisaion spectra are produced by a radio­
frequency inductively coupled plasma (ICP). 
The spectra are dispersed by a grating 
spectrometer and the intensities of the lines 
are monitored by photomultiplier tubes. The 
photocurrentl from the photomultiplier tubes 
are processed aud controlled by a computer 
system. A background COrTeCtion technique is 
required to comp8DIIte for variable 
background contribution to the determination 
of trace elements. Background must be 
measured adJacent to analyte lines on 
samplea durin& analyaia. The position 
selected for the background intensity 
measurement. on either or both aidu of the 
analytical line. will be determined by the 
complexity of the spectrum adJacent to the 
analyte line. The position used must be free 
of spectral interference.and reflect the same 
change in background lnt1111ity aa occun at 
the analyte waveleqth measured. 
Background correction Ia not required iD 
caaea of line broadeniq where a background 
correction measurement would actually 
degrade the analytical result. The possibility 
of additional illterferencea named in 5.1 (and 
tuta for their preaence aa deacribed in 5.2) 
should also be recopized and appropriate 
correcti0111 made. 

3. Definition• 
3.1 DiUQived-Those elementa which 

will pua through a 0.45 I'M membrane filter. 
3.2 SUII[Jflnded-Those elements which 

are retained by a 0.45 l'lD membrane filter. 
3.3 Total-The concentration determined 

on an unfiltered sample following vigorous 
digestion (Section 9.3), or the sum of the 
dissolved plus suspended concentrations. 
(Section 9.1 plus 9.2). 

3.4 Total recoverable-The concentration 
determined on au unfiltered sample following 
treatment with hot. dilute mineral acid 
(S...,tinn Q.&l 

3.5 lnlltrumenta/ detection limit-The 
concentration equivalent to a sisnaJ. due to 
the analyte. which Ia equal to three times the 
1tandard deviation of a Mriu of ten replicate 
measurementl of a reagent blank 1ignal at 
the Iaiiie waveleft8th. 

3.8 Sen11itivity-The slope of the 
analytical curve. i.e. functional relationship 
between emiaaion inte111ity and 
concentration. 

3.7 lnlltrument check 8tandard-A 
multielement standard of known 
concentratio111 prepared by the analyst to 
monitor and verify instrument performance 
on a daily baala. (See 7.8.1) 

3.8 Interference check ~ample-A 
tolutioa coataillills both interfering and 
analyte elementl of known concentration 
that can be used to verify background and 
interelement correction factors. (See 7.tU.) 

3.9 Quality controiiQ/IJple-A solution 
obtained from an outlide source having 
known. concentration values to be used to 
verify the calibration ttanderds. (See 7.8.3) 

3.10 Calibration 11tandord8-A series of 
known standard solutioftl used by the 
analyst for calibration of the instrument (i.e~ 
preparation of the analytical curve). (See 7.4) 

3.11 Lineor dynamic range-The 
concentration range over which the 
analytical curve remains linear. 

3.12 Reagent blanir-A volume of 
deionized. distilled water containing the 
same acid matrix as the calibration standards 
carried through the entire analytical scheme. 
(See 7.5.2) 

3.13 Calibration blank-A volume of 
deionized. distilled water acidified with 
HNOs and HCJ. (See 7.5.1) 

3.14 Method of standard addition-The 
standard addition technique involves the use 
of the unknown and the unknown plus a 
known amount of standard. (See 10.8.1.) 

4. Safety 
4.1 The toxicity of carcinogenicity of each 

reagent used in this method has not been 
precisely defined: however. each chemical 
compound should be treated a• a potential 
health hazard. From thia viewpoint. exposure 
to these chemical• must be reduced to the 
loweat possible level by whatever means 
available. The laboratory i• repso111ible for 
maint.ainiq a current awareness file of 
OSHA regulatio111 regardins the safe 
handllna of the chemicals specified in this 
method. A reference file of material data 
handUq sheetl should also be made 
available to aU personnel involved in the 
chemical analyaia. Additional references to 
laboratory safety are available and have 
been identified uu "· •- 14 • for the 
information of the analyst. 

5. Interferences 
5.1 Several types of interference effects 

may contribute to inaccuraciu in the 
determination of trace elements. They can be 
summarized as follows: 

5.1.1 Spt~etral int~rf~rences can be 
catesorized as (1) overlap of a spectral line 
from another element: (2) unresolved overlap 
of molecular band spectra: (3) background 
contribution from continuous or 
recombination phenomena: and (4) 
..... ,.&uw_..unl'l ..-ttnt..thntinn F1"'f1m !llti'SIV lioht rrnm 
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1.1 nua method coven the determination 
o( a number of orpnic compouada that are 
partitioned into an orpnic solvent and are 
amenable to sa• chromatosraphy. The 
parameten U.ted ill Tabla 1 aud %may be 
qualitatively and quantitatively determined 
Uliq thil method. 

u The method may be extended to 
include the parameten U1ted ill Table 3. 
Benzidine can be 1ubject to oxidative lana 
duriq solveat coaceutratioa. Uader the 
alkallae coaditi001 of the extraction 1tep. Cl• 

BHC. y-BHC. eado1ulfan I and D. and endria 
.,.. subject to decompo1itioa. 
Hexac:bloroc:yclopentadienela subject to 
thermal decompoailioa in the iaJet of the su 
chromatosraph. chemical reaction ill acetone 
solution. aud photochemical decompoailioa. 
N-aitroiOdimethylamiae Ia difficult to 
separete from the 10lvent UDder the 
chromatosraphic conditiODI described. N­
aitrolodiphenylamiae decompo ... in the sa• 
chromatosraphic iaJet aad cannot be 
separeted from diphenylamiae. The prefemtd 
method Cor each of these parameten illiated 
in Table 3. 

1.3 Thi• ia asas chromatosraphic/masa 
spectrometry (CC/MS) method applicable to 
the determination of the compounds Hated ill 
Tables 1. 2. and 3 in municipal and indUitrial 
discharses a• provided under 40 CFR 138.1. 

1.4 The method detection limit (MDL. 
defined in Section 111.1) 1 for each parameter 
is listed in Table• 4 and .5. The MDL for a 
specific W81tewater may differ from tho•e 
listed. dependins upon the nature of 
interferences in the sample matrix. 

1..5 Any modification to this method. 
beyond those expressly permitted. shall be 
considered u a major modification subject to 
application and approval of altemate test 
procedures under 40 CFR 131.4 and 138..5. 
Dependins upon the nature of the 
modification and the extent of intended ua. 
the applicant may be required to demonstrate 
that the modifications will produce 
equivalent results when applied to relevant 
waatawaten. 

1.5 Thia method il restricted to UH by or 
under the superviaioa of analy1ts 
experienced in the use of asu 
c:hromatosraph/man spectrometer and ill the 
interpretation of mau spectra. Each analyst 
mUit demonstrate the ability to geaerata 
accaptabla results with thia method Uliq the 
procedure dncribed in Section a.:. . 
2. Summary of Method 

2.1 A meaaured volume of sample. 
approximately 1·1. Ia serially extracted with 
methylene chloride at a pH sreater than 11 
and again at a pH lese than % Uliq a 
separatory funnel or a contiauoua extractor. 
The methylene chloride extract Ia dried. 
concentrated to a volume oil mL. and 
analyzed by CC/MS. Qualitative 
identification of the parameters in the extract 
is performed u1iq the retention lime and the 
relative abundance of three characteristic 
maa ... (m/z}. Quantitative analysis is 
performed uaingol$6 • ' ?' intemal 
standard technique• with a lingle 
characteri1tic m/z. 

3. IniM/erenca 
:S.1 Method interferences may be cawsed 

by contaminants in solvents, reasentl. 
pauware. and other sample proces•ing 
hardware that lead to diac:ete artifacta and/ 
or elevated ba1elines Ia the total ion current 
profilea. All of theae materiala muat be 
routinely demon1trated to be Cree from 
laterfennc:es under the conditions of the 
analyst. by running laboratory reagent 
blanlca •• described in Section8.1.3. 

3.1.1 Cla11ware muat be sc:rupuloully 
cleaned. 1 Clean all pauware a• 100n as 
pouible alter use by rinains with the la1t 
10lvent used in it. Solvent rinain& mould be 
CoUowed by detergent wa1hill1 with bot 
w.ter, and rinses with tap water aud di1tilled 
water. The sia••ware should then be drained 
dry, aud heated ia a muffle fumaca at 400 ·c 
for 15 to 30 mia. Some thermally stable 
materiala. IUch aa PCB&. may not be 
a1lmiaated by tbil treatment. Solvent rinaes 
with acetone and palicide quality hexane 
may ba subatituted for the muffle furnace 
heatina- Thoroush rinains with 1uch solvents 
Ulually a1lmiaates PCB interference. 
Volumetric ware should not be heated in a 
muffle furnace. Alter dryins and coolina. 
pa11ware 1hould be sealed aad stored in a 
clean environment to prevent any 
accumulation of dust or other contaminant.. 
Store iilverted or capped with aluminum foiL 

3.1.% The UM of hish purity reagents and 
solvents helps to minimize interference 
problema. Purification of solvents by 
diatillalioa in all-pasa sy1tems may be 
required. 

3.% Matrix interferences may be cau1ed 
by coatamiDanll that are co-extracted from 
the sample. The extent of matrix 
interferences will vary considerably from 
source to source. dependins upon the nature 
aud diversity of the induatrial complex or 
municipality beiq sampled. 

3.3 The b .... nautralextraction may 
caUM 1ipilicaady reduced recovery of 
phenoL %-methylphenol. and 2.4-
dimethylphenol. The analyst must recosniu 
that raulta obtained ~~nder ~- conditiona 
are minimum concentrations. 

u The packed sa• c:bromatosraphic 
coliiDIDI recollllllended for the ba1ic fraction 
may aot exhibit sufficient resolution for 
certaiJIIsomeric pairs IDcludins the foUowins: 
anthracene and phenanthrene: chry1ene and 
benzo(a}anthracene: and 
beazo(b)fluoranthene and 
benzo(Jc)fluoranthene. Thesu 
chromatosraphic retention time aud ma11 
spectra for these pairs of compounds are not 
sufflcfentJy different to make an 
unambipoua identification. Altemative 
techniques lhouJd be Uled to identify and 
quantify these specific compounds. 1uch a1 
Method &10. 

3..5 llltampln that contain au inordinate 
aamber of lnterferenca. the use of chemical 
Ionization (CI) mau spectrometry may make 
identiffcalioa easier. Tables a and '1 Jive 
charecteriadc C1 ions for moat of the 
compounds covered by this method. The use 
of CI mau 1pectrometry to support electron 
ionization (ElJ ma•a 1pectrometry i1 
encouraged but not required. 
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'4.Safety. 
4.1 The toxicity or carcinogenicity of each 

reasent Uled in this method have not been 
preciaely defined: however. each chemical 
campoUDd 1hould be treated as a potential 
health hazard. From thil viewpoint. exposur& 
to theM chamicala mUit be reduced to the 
lowest po11iblelevel by whatever means 
available. The laboratory is responsible for 
maintaining a current awarenes• file of 
OSHA resuJations resardi111 the safe 
handllna of the chemical• specified in this 
method. A reference fila of material data 
handllna lheeta •hould also be made 
available to all personnel involved in the 
chemical aaalysil. Additional references to 
laboratory .. fety are available and have 
been identified .Cfor the information of the 
aaalylt. 

4.% The foUowinS parameters covered by 
tbil method have ban tentatively cla11ified 
u lcnowa or 1uapected. human or mammalian 
carcinogens: beazo( a)anthracene. benzidine. 
3.3"-dichlorobenzidine. benzo(a)pyrane. Cl· 

BHC. ,8-BHC. 3-BHC. 'Y·BHC. 
dibeazo{a.h)anthracene. N­
nitrosodirnethylamine. u· ·DOT. and 
polyc:blorinated biphenyl• (PCBs). Primary 
standards of these toxic compounds should 
be prepared In a hood. A NIOSH/MESA 
approved toxic sa• respirator should be wom 
when the analyst bandies high concentrations 
of these toxic compound1. 

5. AppDITltw and Mamriau 

.5.1 Sampling equipment. for discrete or 
compoait sampling. 

5.1.1 Creb sample bottle-1-L or 1-gt. 
amber pau. fitted with a screw cap lined 
with Teflon. Foil may be substituted for 
Teflon if the sample is not corrosive. U amber 
bottles are not available. protect samples 
from light. The botde and cap liner mu11 be 
wa1hed. rinsed with acetone or methylene 
c:bloride. aad dried before Ul8 to minimize 
coatamiaatioa. 

.5.1.% Automatic sampler (optional}-The 
sampler mUit incorporate pass sample 
containers tor the collection of a minimum of 
Z!O mL of ~ample. Sample containers must be 
kept refrigerated at 4 ·c and protected from 
Ught durins compo•itina- U the sampler uses a 
peri1taltic pump. a minimum length of 
compresaible silicone rubber tubing may be 
used. before ua. however. the compressible 
tubing should be throughly rinsed with 
methanoL followed by repeated rinsings with 
diatilled water to minimize the potential for 
contamiaation of the sample. An integrating 
flow meter is required to collect flow 
proportional compo1ites. 

.5.% Claa1ware (All specifications are 
sugested. ~talog numbers are included for 
iUUitration only.): 

.5.%.1 Separetory funnel--Z-1. with Teflon 
stopcock. 

.5.%.% Dryins coliiD1D-Chromatosraphic 
column. 19 mm ID. with coarse Crit nlte.r disc, 

5.2.3 Concentrator tube. Kudema­
Danilh-lO.mL. graduated (Kontes K-57~ 
102S or equivalent). Calibration must be 
checked at the volumes employed in the test. 
Ground pas• stopper is uaed to prevent 
evaporation of extracts. 
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5.%.4 Evaporative flaak. Kudema­
Dania~mL (Kontea K-51001-osoo or 
equivalent}. Attach to concentrator tube with 
springe. 

US Snyder column. Kudema·Daniah­
Three all macro (Kontea K-503000-0121 or 
equivalent). 

5.%.8 Snyder column. Kudema·Daniah­
Two-ball macro (Kontea K-se9001-oz19 or 
equivalent). 

5.%.7. Vials-tO to 15-ml.. amber glass. 
with Teflon-lined screw cap. 

5.2.8 Continuous liquid-liquid 
extractor-Equipped with Teflon or glass 
connecting joints and stopcock• requiring no 
lubrication. (Hershberg-Wolf Extractor, Ace 
Glasa Company, Vineland. N.J .. P/N 8841-10 
or equivalent.) 

5.3 Boiling chips-Approximately 10/40 
mesh. Heat to 400 •c for 30 min of SoxhJet 
extract with methylene chloride. 

5.4 Water bath-Heated. with concentric 
ring cover. capable of temperature control 
(::2•C). The bath ahould be used in a hood. 

5.5 Balance-Analytical. capable of 
accurately weishing o.oocn 1-

5.8 GC/MS system: 
5.8.1 Gas Chromatosrap~An analytical 

system complete with a temperature 
programmable gas chromatograph and all 
required accesaorea including syringes, 
analytical columna. and gases. The injection 
port must be designed for on-column injection 
when using packed columna and for spUtless 
injection when using capillary columna. 

5.8.2 Column for baae/neutrals-1.8 m 
long X 2 mm m glass. packed with ~ SP-
2250 on Supelcoport (100/120 mesh) or 
equivalent. This column was used to develop 
the method performance statements in 
Section 18. Guidelines for the use of alternate 
column paclcinga are provided in Section 13.1. 

5.8.3 Column for acid.-1.8 m long x 2mm 
ID glaaa. packed with 1" SP-t240DA on 
Supelcoport (100/120 mesh) or equivalent. 
This column was used to develop the method 
performance statements in Section 18. 
Guidelines for the use of aJtemate column 
paclcinga are pven in Section 13.1. 

5.8.4 Maaa spectrometer-Capable of 
scanning from 35 to 450 amu every 7 s or less. 
utilizing a 70 V (nominal) electroa eneJ'IY in 
the electron impact ionization mode. and 
producing a maas spectrum which meets aU 
the criteria in Table 9 when 50 ng of 
decatluorotriphenyl phosphine (DFTPP: 
bia(perfluorophenyl) phenyl phosphine) ia 
injected through the GC inlet. 

5..8..5 GC/MS interface-Any GC to MS 
interface that gives acceptable calibration 
points at 50 ng per injection for each of the 
parameters of Interest and achieves all 
acceptable performance criteria (Section 12) 
may be used. GC to MS interfaces 
constructed of all glass or glaaa-lined 
materials are recommended. Glasa can be 
deactivated by silanizing with 
dichlorodimethylailane. 

5.8.8 Data system-A computer system 
must be interlaced to the mass spectrometer 
that allowa the continuous acquisition and 
storage on machine-readable media of all 
mass spectra obtained throughout the 
duration of the chromatographic program. 
The computer must have software that alldWs 
searehing any GC/MS data file for specific 

m/z and plotting such m/z abundances 
vel'IUS time or scan number. This type cf plot 
ia defined as an Extracted Jon Current Profl.le 
(EICP). Software must also be available that 
allows integrating the abundance in any EICP 
between specified time or scan number 
llmitL 

&&agent. 

8.1 Reagent water-Reagent water ia 
defuzed as a water in which an interCerent is 
not obaerved at the MDL of the parameters of 
interest. 

8.Z Sodium hydroxide solution (10 N}­
Dlaaolve 40 1 of NaOH (ACS) In reagent 
water and diluta to 100 mL 

• 8.3 Sodium thiosul!ate-{ACS) Granular. 
1.4 Sul!uric acid (1+1}-Slowly, add 50 

mL of HaSO. (ACS. ap. gr. 1.84) to 50 mL of 
reaaent water. 

U Acetone. methanoL methlylene 
chloride-Pesticide quality or equivalent. 

u Sodium aulfat.....CACS) Granular, 
anhydrous. Purify by heating at 400 ·c for 4 h 
In a shallow tray. 

8.1 Stock ataadard solutions (1.00 Jloll 
j&l.}-ttandard solutions can be prepared 
from pure standard materials or purchased aa 
certified solutions. 

8.1.1 Prepare stock standard solutions by 
accurately weighing about 0.0100 g of pure 
material. Dfasolve the material in pesticide 
quality acetone or other suitable solvent and 
dilute to volume in a 10.mL volumetric flask. 
l.arpr volumes can be used at the 
convenience of the analyst. When compound 
purity is aaaayed to be 96" or greater, the 
weight may be used without correction to 
calculate the concentration of the stock 
standard. Commercially prepared stock 
standards may be used at any CQncentration 
If they are certified by the manufacturer or by 
aa independent source. 

8.1.% Transfer tha atock atandard 
tolutiona into Tellon-aealed acrew-c:ap 
bottles. Store at 4 ·c and protect from lisht. 
Stoclc standard solutions ahould be checked 
frequently for silftl of degradation or 
evaporation. aapecially just prior to preparing 
calibration standards from them. 

8.1.3 Stoclc standard solutions must be 
replaced alter six month-. or sooner If 
compariaoa with quality control check 
aample. indicate a probelm. 

U SumJsate ataadard apildq solution­
Select a minimum of three surrogate 
compounds from Table 8. Pntpan a IUZ'I'Oiate 
standard spildns solution containing each 
selected aurropte compound at a 
conceDtration of 100 11-g/mL in acetone. 
Addition of 1.00 mL of this solution to 1000 
mL of sample ia equivalent to a concentration 
of 100 J~.R/L of each surrogate standard. Store 
the spiking solution at 4 ·c in Teflon-sealed 
glau container. The solution should be 
checked frequently for stability. The solution 
mutt be replaced after six months. or sooner 
if comparison with quality coatrol check 
standards indicates a problem. 

8.9 DFI'PP standard-Prepare a 25 11-g/mL 
solution of DFI'PP in acetone. 

8.10 Quality control check sample 
concentrate-See Section 8..2.1. 
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1. Caiibmtion ~: ~~;r. 
7.1 Establish gas chromatographic · ~ ~~:':l. 

operating parameters equivalent to thoq·=,;~rt 
Indicated in Tables 4 or 5. .;::--:·~ 

7.% 1Dtemal1tand~ calibration : ::;;~~­
procedure-To uae thi1 a~proach. the &nalyat;~ 
muat Mlect three or more mtemal ~~~ 
that are •imil~ in ~alytical behavi~ _tO:~~~ 
compounds of 1nh!rest. The analyst mua('~~~ 
further demonstrate that the measuremeilror::~ 
the Internal staz:sd~rda i• not affected by.'':~~":-~ 
method or matriX mterCerencea. Some , ~~:-~·~-~ 
recommended intemal etandarda are lilt;r£~ 
Table 8. Use the base peak m/z as the:".,~--~.::~ 
primary m/z for quantification of the ·.;;~~ 
standards. II Interferences are noted. uQ. .. 9ili:'~~ 
of the next two moat intense masses for --.~':!":"~ 
quantification. =~;'l 

7 .%.1 Prepare calibration standards at~~'?~ 
minimum of three concentrationlevela far~~~.;;~ 
each ~eter of interest by addins · · ~';1:1!-~ 
appropnata volumes of one or more stoclc:::~ 
standards to a volumetric fla1k. To each .";{•f:"Z; 
calibration standard or etandard mixt •.. adli ':;,. 
a known constant amount of one or more · _ ...... '~'"~ 
internal standards. and and dilute to vobmie~~ ·"'!: 
with acetone. One of the calibration ~~:'··; 
standards should be at a concentration n~£0.::: ·F. 
but above. the MDL and the other . -~-,g 
concentrations should correspond to the · _;;;;;;~ 
expected range of concentrations found i.U~·~;;;.:.:z: 
real samples or should define the working·_ ·"~~;i 
range of the GC/MS system. '.'.-:;:·-': 

7.%.% Using injections of 2 to 5 loLL anal~:;~·,. 
each calibration standard according to ·. . • 
Section 13 and tabulate the area of the · ~~::_,. 
primary characteristic m/z (Tables 4 anci"5)?·:,-· 
against concentration for each compound ti:id-.:; 
intemal standard. Calculate response factors : .: .. 
(RFJ for _each compound using Equation 1. · ''·:;f · 

Equation 1. . : ~-:~-

,~~~~ 
RF• (AJ(~, 

't~(CJ 
-~~:-~::.; 

__ ,_;.;:~ 

-:;._. 

where: ~ - ·.·:-· 
A.•Area of the characteristic m/z for the,;· ', ~-

parameter to be measured. .•. · ·. :, 
At.•Area of the characteristic m/z for the: i!: 

internal atandard. .. ,:;;'£.:~. 
C.• Concentration of the Internal standard ~ 

(JI.g/L). .. -,:~ 
C.•Concentration of the parameter to~;:;._;~ 

meuured (l&s/L). . .._,_·.~ 
II the RF v u over the working ranse Ia a · :t~ 
constant 35" RSD the RF can be ·'!~ 
aaaumed to invanant and the average RF .. ,;-;:', 
can be used for calculations. Alternatively, · .-~~ 
the results can be used to plot a calibration · 
curve of response ratios. A./ A. vs. RF. • '' ·:;:; 
~ The working calibration curve or RF ·:::'~~ 
m~ verified ~n each working· day by the ~::% 
measurement of one or more calibration ">'::. 
standards. 1f the' relponae for any parametei<;.~ 
varia• from the predicted response by more · ":":;j:; 
than~ tha test must be repeated uning a··.:z 
fresh ~ration standard. Alternatively, a · '.£: 
new calibration curve must be prepared for··· :. 
that compound. · .-~ ....... 
8. Qua/lty Control -~ ~; 

8.1 Each laboratory ihat uses this method ;~;: 
ia required to operate a formal quality contrOl ~'!: 

:~ 
. ..::.:-_~~ 
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program. The minimum requirements of thla 
prosram conmt of aa iDiUal demonatration of 
laboratory capebility and aa ongofnl 
analyata of apiked Amples to evaluate and 
doc:umellt data quality. The laboratory muat 
maintaiD record. to dCJC:U~DeDt the quality of 
data that Ia gaented. Ongoins data quality 
checb ara compared with atabllahed 
performaace criteria to determine if the 
resuJts of aaalyan meet the performanca 
charac:teriatic:~~ of the method. Wbea reauJts 
of Ample spikes ladicate atypical method 
perlormaaca. a quality control check 
staadard muat be aaalyzed to confirm that 
the mnaurements were performed In an in­
control mode of operation. 

8.1.1 The analyst muat make aa IDitfal. 
oa .. time. demonatradoa of the ability to 
ps~erate acceptable accuracy and preciaion 
with thia method. Tbia ability ia atabliahed 
u deac:ribed In Sectioa a.:. 

8.1..% Ia recopition of advaca that are 
occurias In c:bromatopaphy, the aaalyst Ia 
penDitted certain optiona (dataUed in 
Sectiona 10.8 aad 13.1) to improve the 
separationa or lower the coat of 
meaaurementa. Each time I1ICh a modification 
ia made to the method. the aaalyst Ia required 
to repeat the procedure In Section &.%. 

8.1.3 Before procuains any Amples. the 
analyst muat analyze a reasent water blank 
to demonstrate that interferences from the 
analytical system and glasawara are under 
control. Each time a set of samples is · 
extracted or reasents are chansed. a reagent 
water blank muat be procaued u a 
safquard against laboratory contamination. 

8.1.4 The laboratory muat. on an ongoing 
basis. spike and analyze a minimum of 5" of 
all samples to monitor and evaluate 
laboratory data quality. Tbia procedure is 
described in Section8.3. 

8.1..5 The laboratory muat. on aa ongoing 
basis. demonatrate through the analysas of 
quality control check staadarda that the 
operation of the meaauremeat system ia in 
control. This procedure ia described in 
Section 8.4. The frequency of the check 
standard analyses ia equivalent to 5" of aU 
samplu analyzed but mey be reduced if 
spike recoveries from Amples (Section 8.3) 
meet aU specified quality control criteria. 

8.1.8 The laboratory muat meintain 
performance recorda to dOCWDat the quality 
of data that Ia generated. Tbia procedure Ia 
described Ia Section 8..5. 

U To establiah the ability to gaerete 
acceptable accuracy and precision. the 
analyst muat perform the followfns 
operationa. 

8.%.1 A quality control (QCJ check sample 
concentrate ia required containinl eacb 
parameter of interest at a concentration of 
100 ~~og/ml. in acetone. Multiple soluliona may 
be required. PCBa and multicomponeat 
pesticides may be omitted from thia test. The 
QC check sample concentrate muat be 
obtained from the U.S. Environmental 
Protection Agency, Environmental Monitoring 
and Support Laboratory in Cincinnati, Ohio, 
if available. If not available from that source. 
the QC check sample concentrate must be 
obtained from another external source. If not 
available from either source above. the QC 
check sample concentrate must be prepared 
by the laboratory using stock standarda 

prepared independently from those uaed for 
calibration. 

8.2.2 Uatas a pipet. prepare QC check 
. samples at a concentration of100 p.g/L by 
adding 1.00.m1. of QC check sample 
concentrate to eacb of four 1·L allquota of 
reagent water. 

8.2.3 Analyze the well-mixed QC check 
Amples according lc:J the method bqinnfnl in 
Section 10 or 11. 

8.%.4 CalcuJate the average recovery (XJ 
Ia ~~og/L. and the standard deviation of the 
recovery (1) in ~~og/L. for each parameter usfns 
the four resuJtL 

8.%.5 For each parameter compare s and X 
with the correspondlag acceptance criteria 
for precision and accuracy, rupectively, 
found In Table a. If a and X for all parameters 
of interest meet tha acceptance criteria. the 
~ystem performance Ia acceptable and 
aaalysia of actual Amplea can basin- If any 
ladividual s excaeda the preciaion limit or 
any ladividual X lalla outside the range for 
ac:curacy, the system performance Ia 
UDac:captable for that parameter. 

Note.-The large number of parameters in 
Table 8 present a aubstantial probability that 
one or more will fail at leaat one of the 
acceptance criteria when aU parameters are 
analyzed. 

8.%.8 When one or more of the parameters 
tested fail at leut one of the acceptance 
criteria. the analyst muat proceed according 

·to Section 8.%.8.1 or &.%.&.%. 
8.%.8.1 Locate and correct the source of 

the problem and repeat the test for aU 
parameters oflaterest beginning with Section 
8.2.%.. 
UU Bqinn.ing with Section S..Z.Z. repeat 

the tut only for those parameters that failed 
to meet criteria. Repeated failure. however. 
will confirm a general problem with the 
measurement system. If this occurs.locata 
and correct the source of the problem and 
repeat the teat for all compounda of interest 
bqinnins with Section 8.2.%.. 

8.3 The laboratory must. on an ongoing 
basis. apike at leut 5" of the semples from 
each sample site being monitored to a11esa 
accuracy. For laboratories analyzing 1 to 20 
samples per month. at leut one spiked 
sample per month Ia required. 

8.3.L The concentration of the spike in 
the sample should be determined aa follows: 

8.3.1 If. 11 in compliance monitoring. the 
concantration of a specific parameter in the 
Ample Ia bafnl checked againat a resuJatory 
concatration limit. the spike should be at 
that limit or 1 to 5 times higher than the 
background concentration determined in 
Section 8.3.2. whicbever concentration would 
belarser. 

8.3.1.2 If the concentration of a specific 
parameter in the sample is not being checked 
asainst a limit specific to that parameter. the 
spike should be at 100 ~~og/L or 1 to 5 times 
higher than the background concentration 
determined in Section 8.3.2. whichever 
concentration would be larger. 

8.3.1.3 If It is impractical to determine 
background levels before spikins (e.g.. 
maximum holding times will be exceeded), 
the spike concentration should be (1) the 
regulatory concentration limit. if any: or. if 
none (2) the larser of either 5 times higher 
than the expected background concentration 
or 100 ~~og/L. 
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8.3.2 Analyze one sample aliquot to 
determine the background concentration (B) 
of each parameter. If necusary. prepare a 
new QC check sample concentrate (Section 
8.%.1) appropriate for the background 
concentrationa in the sample. Spike a second 
sample aliquot with 1.0 mL of the QC check 
sample concentrate and analyze It to 
determine the concentration after spikins (A) 
of each parameter. CalcuJate each percent 
recovery {P] aa 100(A-B)"/T. where T is the 
known true value of the spike. 

8.3.3 Compare the percent recovery (P) for 
aach parameter with the corresponding QC 
acceptance criteria found in Table a. These 
accaptaaca criteria were calcuJated to 
include aa allowance for error in 
meaaurement of both the background and 
spike concentrations. auuming a spike to 
background ratio of 5:1. This error will be 
accounted for to the extent that the analyst's 
spike to background ratio approacbes 5:1. 1 If 
1pildag waa performed at a concentration 
lower than 100 p.g/L. the analyst must use 
either the QC acceptance criteria in Table 6, 
or optional QC acceptance criteria calculated 
for the 1pecific spike concentration. To 
calculate optional acceptance criteria for the 
recovery of a parameter: (1) calculate 
accuracy (X'] using the equation in Table 7. 
substituting the spike concentration (TJ for C; 
(2) calculate overall precision (S'} using the 
equation in Table 7, substituting X' for X; (3) 
calculate the range for recovery at the spike 
concentration aa (100 X'/T} %2.44(100 s· /T}9!; T 

8.3.4 If any ladividual P falls outside the 
deaignated range for recovery. that parameter 
has failed the acceptance criteria. A check 
standard containing each parameter that 
failed the criteria must be analyzed as 
described in Section 8.4. 

8.4 If any parameter fails the acceptance 
criteria for recovery in Section 8.3. a QC 
check standard containing each parameter 
that failed must be prepared and analyzed. 

Note.-The frequency for the required 
analysia of a QC check standard will depend 
upon the number of parameters being 
simultaneoualy tested. the complexity of the 
sample matrix. and the perfonnance of the 
laboratory. If the entire list of single­
component parameters in Table 6 must be 
measured in the sample in Section 8.3. the 
probability that the analysia of a QC check 
standard will be required is high. ln this case 
the QC check standard should be routinely 
analyzed with the spike sample. 

8.4.1 Prepare the QC check standard by 
adding 1.0 ml. of QC check sample 
concentrate (Sections 8.%.1 or 8.3.2) to 1 L. of 
reagent water. The QC check standard needs 
only to contain the parameters that failed 
criteria in the test in Section 8.3. 

8.4.2 Analyze the QC check standard to 
determine the concentration measured (A) of 
each parameter. Calculate each percent 
recovery (Ps) aa 100 (A/T}", where T is the 
true value of the standard concentration. 

8.4.3 Compare the percent recovery (P,J 
for each parameter with the corresponding 
QC acceptance criteria found in Table 6. 
Only parameters that failed the test in 
Section 8.3 need to be compared with these 
criteria. If the recovery of any such parameter 
falls outside the designated range. the 
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laboratory perionnance for that parameter is extraction of the base/neutrals and 200. 100. required to complete tha concentration m.U:=~ 
judged to be out of controL and the problem and 1~mL volumes of methylene chloride to 20 min. At the proper rate of distilbtion. 
must be immediately identified and for the acids. balls of the column will actively chatter but 
corrected. The analytical result for that 10.Z Mark the water meniscus on the side the chambers will not flood with condenMt; 
parameter in the unspiked s.mple is suspect of the sample bottle for later detenninalion of solvent. When the apparent volume of liqUid 
and may not be reported for regulatory sample volume. Pour the entire sample into a reaches 1 mL remove the K-D apparatUi~ ~ 
compliance pu111018a. 2-L separatory funnel. Pipet 1.00 mL of the fro th t bath d all 1 ...1-...: .... ---~ 

8.5 ... - -rt of the QC p....,...m 'or the t t d rd 'kl I u· · th m e wa er an ow t to ....a1n ·= .... ::';=: ~ ..- ·-... - ,, surroga e 1 an a spa ng sou on anto e 1 ~ 1 · R th lllU1 = 
laboratory. method accuracy for wastewater separatory funnel and mix welL Check the coo or at east 10 DUn. amove e Snyau~~~ 
s.mples must be aSHUed and recorda must pH of the sample with wide-range pH paper column and rinse the flask and ita lowerJOin~ 
be maintained. After the analysis of five and adjust to pH> 11 with sodium hydroxide Into the concentrator tube with 1 to % mL·ot~ 
spiked wastewater samples as in Section 8.3, solution. methylene chloride. A 5-mL syringe is ,. ·~~~ recommended for this operation. ,~- ,~~·:~ 
calculate the average percent recovery (:P) 1o.3 Add eo mL of methylene chloride to 10.9 Add another one or two clean i:io ·:;~ 
and the standard deviation of the percent the sample bottle. seal. and shake Cor 30 • to chips to the concentrator tube for each~:5~ · · 
recovery (a.}. Express the accuracy rinse the Inner surface. Transfer the solvent fra d ch -~ 
assessment aa a percent interval from P-zs. to the Mparatory funnel and extract the ction an atta a two-ball micro-Snyd ·· 
to P+%1., Jf P•90" and s.•1m5. for sample by shaking the funnel for% min with column. Prawet the Snyder column by adding'!~ 
example. the accuracy interval is expreued periodic venting to release excess pressure. about o.5 mL of methylene chloride to .the ~Pl'$ 
as 70-11m5. Update the accuracy Allow the organic layer to separate from the Place the K-D apparatus on a hot water bath.~ 
assessment for each parameter on a regular water phase for a minimum of 10 min. Jf the (eo to 65 •C) so that the concentrator .tube' . .ll!~;¥ 
b · ( ft ch fi t t emulsion interface between layers is more partially immersed In hot water. Adjust.tbi:,:;,.~ 
aaas e.g. a er ea ave o en new accuracy vertical position of the apparatus .... d th·e~!}~.-.-.· ~.:.'·.~.· 

measurements). than one-third the volume of the solvent .... ~ 
8.8 Aa a quality control check. the layer. the analyst must employ mechanical water temperature aa required to completiY 

laboratory must spike aU samples with the techniques to complete the phase separation. the concentration In 5 to 10 min. At the~::,:;.;....~ 
surrogate standard spiking solution as The optimum technique depends upon the proper rate of distillation the balls of the:~ 
described in Section 10.Z. and calculate the sample. but may include stinina. filtration of ~lumn will actively chatter but the chaml:i~~ 
percent recovery of each surrogate the emulsion through glau wool. wtU not flood with condensed solvent. Whei&C 
compound. cantrifugation. or other physical methods. the apparent volume of liquid reaches aboUt~~: 

8.7 It is recommended that the laboratory Collect the methylene chloride extract in a 0.5 mL remove the K-D apparatus from tb;4~f 
adopt additional quality assurance practices ZSO.mL Erlenmeyer flaslc. Jf the emulsion water bath and allow it to drain and cool rofi~ 
for use with this method. The specific cannot be broken (recovery of less than ~ at least 10 min. Remove the Snyder colunlxi:~-t 
practices that are most productive depend of the methylene chloride. corrected for the and rinse the flask and its lower joint into .the.;;:~ 
upon the needs of the laboratory and the water solubility of methylene chloride), concentrator tube with approximately 0.2 mt'?.;1': 
nature of the samples. Field duplicates may transfer the sample. solvent. and emulsion of acetone or methylene chloride. i\djust the:P::::" 
be anal)'2:ed to assess the precision of the into the extraction chamber of a continuous final volume to 1.0 mL with the solvent. .. ·. -.:;~;,; 
environmental measurements. Whenever extractor and proceed as described in Section Stopper the concentrator tube and store ... '::. ,,,..,. 
possible. the laboratory should analyze 11.3.. refrigerated if further processing will not be 
standard reference materials and participate 10.4 Add a second eo.mL volume of perfonned Immediately. lf the extracts will~ 
in relevant perfonnance evaluation studies. methylene chloride to the sample bottle and stored longer than two days. they should be 

repeat the extraction procedure a second transferred to Teflon-sealed screw-cap vials, 
9. Sample CoJJection, Preservation. and time. co~bining the extracts in the and labeled base/neutral or acid fraction u:,_:. 
Handling Erlenmeyer flask. Perfonn a third extraction appropriate. ,._,.:··;;_f. 

9.1 Grab ..mples must be collected in in the same manner. Label the combined 10.10 Determine the original sample ~.~-:r;~ 
glass containers. Conventional sampling extract as the base/neutral fraction. volume by refilling the sample bottle to the,:~~ 
practices 1 should be followed. except that 1o.5 Adjust the pH of the aqueous phase mark and transferring the liquid to a 10QO.mL-~~ 
the bottle must not be prerinsed with s.mple to leu than % using sulfuric acid. Serially graduated cylinder. Record the sample - ,...;~;~._;;; 
before collection. Composite samples should extract the acidified aqueous phase three volume to the nearest 5 mL. .: .>· ; 
be collected in refrigerated gJasa containers times with eo.mL ali quota of methylene 11• Continuous Extraclion ·::':.'·':If 
in accordance with the requirements of the chloride. Collect and combine the extracts in · ' 
program. Automatic s.mpling equipment a %!0-mL Erlenmeyer flask and label the 11.1 When experience with a sample frci~· :::, 
must be as free as possible ofTygon tubing combined extracts as the acid fraction. a given source indicates that a serious -~.:,~~ 
and other potential sources of contamination. 10.8 For each fraction. assemble a emulsion problem will result or an emulsicil·: ~:, 

9.2 AU s.mpling must be iced or Kudema-Danish (K-D) concentrator by Ia encountered using a separatory funnel m· -~-< 
re!riaerated at 4 ·c from the time of collection attaching a 1o-mL concentrator tube to a 500- Section 10.3.. a continuous extractor should be.~ 
until extraction. FlU the s.mple bottles and. if mL evaporative flaalc. Other concentration used. / ·•Jff; 
residual chlorine is present. add 80 mg of devic:a or techniques may be used iD place of 11.2 Mark tha water meniscus on the side:-;":~ 
sodium thiosulfate per liter of sample and the K-D concentrator If the requirements of of the sample bottle for later detennination of fi 
mix well. EPA Methode 330.4 and 330.5 may Section 8.% are met. sample volume. Check the pH of the sample· i..:-~ 
be used for measurement of residual 1CJ.1 For ucb fraction. pour the combined with wide-range pH paper and adjust to pH. :~-! 
chlorine. • Field test lcita are available for this extract throush a solvent-rinsed drying > 11 with sodium hydroxide solution. .. ~:~";; 
purpose. columu containing about 10 em of anhydrous Transfer the sample to the continuous . ' ~f 

9.3 All samples must be extracted within sodium sulfate. and collect the extract in the extractor and using a pipet. add 1.00 mL of.: .~~:~ 
7 days of collection and completely analyzed K-D concentrator. Rinae the Erlenmeyer flask surrogate standard spiking solution and mix · -~ 
within 40 days of extraction. and column with 20 to 30 mL of methylene well. Add eo mL of methylene chloride to the·. ·;:; 

chloride to complete the quantitative transfer. sample bottle. seal. and shake for 30 1 to -::·~ 
10. S.paratory Funnel Extraction 10.S Add one or two clean boiling chips rinse the inner surface. Transfer the solvent -;~~ 

10.1 Samples are usually extracted usina and attach a three-ball Snyder columu to the to the extractor. -,.~;:-;.:,z 
separatory funnel techniques. If emulsions evaporative flask for each fraction. Prewet 11.3 Repeat the sample bottle rinse with ~'9'3 
will prevent achieving aceeptable solvent each Snyder column by adding about 1 mL of an additional 50 to 1~mL portion of · ;;~-.. ,~ 
recovery with separatory funnel extraction•. methylene chloride to the top. Place the K-D methylene chloride and add the rinse to the-;·:;.. 
continuous extraction (Section 11) may be apparatus on a hot water bath (eo toes "C) so extractor. . . 
used. The separatory funnel extraction that the concentrator tube ia partially 11.4 Add 200 to 500 mL of methylene ·.: .· 
scheme described below assumes a sample immersed in the hot water. and the entire chloride to the distilling flask. add sufficient .. 
volume of 1 L. When sample volumes of Z L lower rounded surface of the flask is bathed reagent water to ensure proper operation. ·: .. :. 
are to be extracted. use 2SO. 100. and 1~m1. with hot vapor. Adjust the vertical position of and extract for %4 h. Allow to cool. then - . 
volumes of methylene chloride for the serial the apparatus and the water temperature as detach the distilling flaslc. Dry, concentrat~ : ;~ 

• "!~- .. 
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and aeal the utrac:t aa iD Sectiona 1o.a 
thtOush 10.S. 

11.5 Cbarp a clean dfstilllnc Raalc wtth 
500 mL of methylene chloride and attach it to 
the c:oadlluoa extractor. Carefully, while 
11itriJ18. adfuat the pH of the aqueoua phaae 
to 1 ... thaD % uin11Ulfuric acid. Extract for 
%4 b. Dry, coacentrate. and .Mal the extract aa 
ill Sec:Uoaa to.a throup 10.S. 

tZ. Daily CC/MS hrfonntzJJc. Tat. 
1%.1 At the beginDing of each day thet 

analyaea an to be performed. the CC/MS 
syatem muat be checked to ... if acceptable 
performance criteria an achieved for 
of'I'PP. 1• Each day thet bemidlne Ia to be 
determined. the tailiq factor criterion 
described ill Section 1%.4 muat be achieved. 
Each day that the adda an to be determined. 
the taillq factor criterion ill Section 1%.5 
muat be achieved. 

1%.% Tbae performance testa require the 
foUowtaa butrumental parametera: 

Electroll EDergy: 70 V (nomiaal) 
Maaa RaDp: 3S to 4SO amu 
Scan Time: To give at leut S scant per 

peak but not to exceed 7 a per acen. 
1%.3 OFl'PP performance test-At the 

beginninc of each day. inject % ,.u. (SO ncJ of 
Drt'PP standard solution. Obtain a 
background-corrected masa spectra of DFrPP 
and confirm that all the key m/z criteria in 
Table 9 an achieved. If all the criteria are not 
achieved. the analyat muat retune the mass 
spectrometer and repeat the test until aU 
criteria are achieved. The performance 
criteria must be achieved before any samples, 
blanka. or atandatda are analyzad. The tailing 
factor tests ill Sections 1%.4 and 1%.5 may be 
performed simultaneously with the DFI'PP 
test. 

1%.4 Column performance test for baae/ 
neutrai.-At the beginnins of each day that 
.the baH/neutral fraction is to be analyzed 
for beazidlna. the benzidine tailing factor 
!Dual be calculatad.lnject 100 as of benzidine 
either separately or aa a part of a standard 
mixturw that may contain DFI'PP and 
calculate the tailing factor. The benzidine 
tailinc !actor muat be less thiUl 3.0. 
C.lcuJatioa of the tailfnc factor t. Illustrated 
in Fipre 13.11 Replace the column packins if 
the tailfna factor criterion casmot be 
achieved. 

12.5 Column performance test !or add.­
At the becinnial of each day that the adds 
are to be determined. inject SO ns of 
P&ntachJorophenol either separately or aa a 
part of a atandard mix that may contain 
DFiPP. The taillns factor for 
pentachlorophenol muat be lesa than 5. 
C.lc:ulatioa of the tailinc factor is illuatrated 
in Fipre 13.11 Replace the column packins if 
the taillns factor criterion cannot be 
achieved. 

13. Go. Chrornatography/Mau Spectrometry 
13.1 Table 4 summarizes the 

recommended gaa chromatosrapbic operettas 
condltfons for the baee/neutral fraction. 
'!'able 5 tummarizes the recommended gaa 
chromatosraphic opera tins conditions for the 
aCid fraction. Included in these tables are 
retention times and MDL that can be 
achieved under these conditions. Examples of 
the separations achieved by these columns 

an abowa in FiiW'ft 1 throup 1%. Other 
packed or capillary (open-tubular) columna or 
chromatosraphic conditions may be uHd if 
the requirement. of Section a.z an mel 

13.% After conductfns the CC/MS 
performance teata in Section 1%. calibrate the 
1yatem daily aa deacribed in s.ctioa 7. 

13.3 If !Iss ialtw 1 dcndrd aauhnt!on 
Jllllto:lue ia king sud. the illtemal standard 
muat be addecl to aample extract and mixed 
thoroughly Immediately before injection into 
the butrwDenL Thia procedure minimizes 
lOAa due to adaorptioa. chemical reaction or 
evaporation. 

13.4 Inject % to S ,.U. of the aample extract 
or atandard into the CC/MS .yatem using the 
aolvmt·Ouah techaiquL .. Sraaller (1.0 ,.U.) 
volumea may be illjected if automatic devices 
are employed. Record the volume injected to 
the aeareat 0.05 ,.U. 

13.5 If the rapoaae for any m/z exceeds 
the wodciDa range ol the CC/MS 1yatem. 
dilute the extract and reanalyze. 

13.1 Perform all qualitative and 
quantitative meaaurementa u described in 
Sections 14 and 15. When the extracts are not 
beias used for analyses. store them 
ntfriprated at 4•c, protected from lipt ill 
teraW-cap vtela equipped with uapierced 
Teilon-Uned aeptL 

14. Qualitative Identification 
14.1 Obtain EICPs for the primary m/z 

and the two other masses listed in Tables 4 
and 5. See Section 7.3 !or masaes to be used 
wtth intemal and SUlTOiale standards. The 

. following criteria muat be met to make a 
qualitative identification: 

14.L1 The characteristic masses of each 
parameter of interest must maximize in the 
aame or within one scan of each other. 

14.1.% The retention time must {all within 
%30 a of the retention time of the authentic 
compound. 

14.1.3 The relative peale heipta of the 
three characteristic mUHI in the EICPs muat 
fall wtthin %2m5 ol the relative intensities of 
these maaaes in a reference mua spectrum. 
The ntleranca maea spectrum can be obtained 
from a atandard analyzed in the CC/MS 
.yatem or from a reference library. 

14.% Structural t.omers that have very 
timilar mau apectn and lesa than 30 s 
differanca in retiUltioa time. can be expUdtly 
identified only If the resolution between 
authentic Isomers ill a standard mix ia 
acceptable. Acceptable resolution ia achieved 
il the baaellne to valley beipt between the 
iaomen is less than %S'l5 of the sum of the two 
peak heipta. Otherwise. structural isomers 
are identified aa isomeric pairs. 

JS. Ctzlt:ulation8 
15.1 When a parameter bas been 

identified. the quaatitatlon of that parameter 
will be based on the intesrated abundance 
from the EICP of the primary characteristic 
m/z ill Tables 4 and 5. Ute the baae peale m/z 
for intemal and •UITOI•te atandarda. If the 
aample producea an interference for the 
primary m/z. uae a secondary characteristic 
m/z to quantitate. 

Calculate the concentration in the sample 
usins the reaponse factor (RFJ determined in 
Section 7..%.% and Equation 3. 

Equation 3. 
58 

(A.)(IJ 
Concentration (J&s/L)• -.;._~­

(At.)(RF)(V .} 

where: 
A.•Area of the characterittic m/z for the 

parameter or tun'Oiate atandard to be 
meaaured. 

At.•Anta of the characterittic m/z for the 
internal standard. 

I.• Amount ofintemalttandard added to 
uch extract (~~osJ. 

V .• Volume of water extracted (L). 
15.% Report retulta in p.s/L without 

correction for recovery data. All QC data 
obtained should be reported with the aample 
resulta. 

1& Method Performance 
111.1 The method detection limit (MDL) ia 

defined as the minimum concentration of a 
substance that can be meatured aad reported 
wtth 99'l5 coa.fidence that the value ia above 
zero.' The MDL concentrations listed in 
Tables 4 and S were obtained usins reagent 
water. 11 The MDL actually achieved in a 
given analyaia will vary depending on 
lnatnunent sensitivity and matrix effecta. 

18.% This method wa1 tested by 15 
laboratories uaing reasent water. drinking 
water. aurface water. and industrial 
waatewaters spiked at six concentrations 
over the reap 5 to 1300 p.g/L. 1' Single 
operator precision. overall precision. and 
method accuracy were found to be directly 
related to the concentration o! the parameter 
and esaentially independent of the sample 
matrix. Linear equations to describe these 
relationship• are presented in Table 7. 

17. Sclwning Procedure for 2.:1.1.8-
Tetrot:Jr.iorodibenzo..p-dioxin {2.3.1.8-TCDD) 

17.1 If the sample must be screened for 
the presence of 2.3.7.8-TCDO. it is 
recommended that the reference material not 
be handled in the laboratory unless extensive 
sa!ety precautions are employed. It is 
suffideat to analyze the base/neutral extract 
by selected loa monitoring (SIM) CC/MS 
techniques. as follows: 

17.1.1 Concentrate the base/neutral 
extract to a liaal volume of fl.% mi. 

17.1.% Adjust the temperature of the base/ 
neutral column (Section 5.8.Z) to 220 ·c. 

17.1.3 Operate the mau spectrometer to 
acquire data in the SIM mode using the ions 
at m/z %Si", 320 and 322 and a dweil time no 
greater than 333 millleeconds per maee. 

17.1.4 Inject 5 to 7 ,.U. of the baee/neutral 
extract. Collect SIM data for a total of 10 min. 

17.1..5 The poasible presence of %.3.7.8-
TCOO ia indicated if all three masses exhibit 
simultaneoua peaks at any point in the 
selected ion current proliles. 

17.1.5 For each occurrence where the 
posaible presence of %.3.7.8-TCDD is 
indicated. calculate and retain the relative 
abundances of each of the three masses. 

17.% False positives to this test may be 
caUHd by the presence of single or coeluting 
combination• of compound• whose mass 
spectra contain all of these masses. 

11.3 Conclusive results of the presence 
and concentration level of %.3.7.8-TCDO can 
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be obtained only from a properly equipped 
laboratory through the use of EPA Method 
813 or other approved alternate test 
procedures. 

10. Elchelberser. J.W .. Harris. L.E.. and 
Budde. WJ.. "Reference <Ampound to 
Calibrate Jon Abundance Measureme.at in 
Gas 'Chromatography-Mass Spectometry," · 
AnolytiClli Chemi•try. 47, 995 (1975}. 

TABLE 1.-BASCINEUTRAL Ex'TAACTASU$. ·.,.. 
Continued ~: 

STOA£1' 
·--:1.' 

Relenaces 
1. 40 CFR Part 138. Appendix B. 
z. "Samplina and Analytil Procedure• for 

Sc:reenina of Indut~trial Eftluentl for Priority 
Pollutants." U.S. Environme.atal Protection 
Agency. Environmental Monitoring and 
Support Laboratory, ClnciJmati. Ohio 45288. 
March 1977, Reviled April 11m'. Available 
from Emue.at GuideliDes Division. 
Washington. DC 20460. 

3. ASTM Annual Book of Standards. Part 
31. 03894-78. "Staad.ard Practices for 
Preparation of Sample Containers and for 
Preservation of Organic <Autituentl." 
American Society for Testing and Materials. 
Philadelphia. 

4. '"Carc:iDoseDt-Workina With 
Carcinogeu." Department of Heelth. 
Education. and Welfare. Pllblic Health 
Service. Center for Disease <AntroL National 
lnatitute for Oc:culMtional Safety and Health. 
Pllblicatioa No. 71-208. August 191'7. 

5. "OSHA Safety and Health Standards. 
Generallndut~try," (29 CFR 1910), 
Occupational Safety and Health 
Administration. OSHA 2.206 (Revised. 
January 1976). 

6. "Safety in Academic Chemistry 
Laboratories." American Chemical Society 
Pllblication. <Ammittee on Chemical Safety, 
3rd Edition. 1979. 

1. Prow.t. L.P .. and Elder, R.5. 
"Interpretation of Percent Recovery Data." 
American lAboratory. 15. 5&-«J (1983). (The 
value %.44 used in the equation in Section 
8.3.3 is two times the value 1.22 derived in 
this report.) 

6. ASTM Annual Book of Standards. Part 

11. McNair. N~ and Bonelli. E.J. "Basic 
Chromatography," Consolidated Printins. 
Berkeley, California. p. 52.1968. 

U. Burlce. J.A. "Gu Chromatography for 
Pesticide Residue Analysis: Some Practical 
Alpectl." foumal of the Auociation of 
Official Nlalytical Chemi•u. 48. 1037 (1965). 

13. Olynyk. P .. Budde. WJ... and 
Elchelberser. J.W. '"Method Detection Limit 
for Methods 624 and 625." Unpublilhed 
report. October 1980. 

14. "Jnteriaboratory Method Study for EPA 
Method ~/Neutrals. Acids. and 
Pesticides." F'mal report for EPA Contract 68-
03-310Z (lD preparation). 

...,.._ STCfiiU CAS Na. Na. 

lcltAW.._W 3UQI 13-32-t 
34200 ~ 
3q20 120-12--7 .... 31330 31»-00-2 
~ 56-65-3 

Benmell...._.,_,. 34230 205-88-2 
~ 342~ 207-41-1 ...... .,.. 34247 50-32-t 
~ 34521 111-a..a 
~ llulyl pfllriiMM 3o&2l2 ...... 7 

311331 31W5-7 
WHC ~ 31 ....... 
811(2~ 3&273 111~ 

IIIIC%-ci*"Wf"•r,....,.• ~ 111-11-1 
811(2~ 38100 117~1-7 

llil(2~- ~ 1C»-eo-1 

~·P'*¥-- 34311 101-55-3 
31350 57-74-1 

2..0.cw....,..... ~1 11-51-7 

4oOICW--¥ P'*¥-- ~1 7005-72-3 
0.,.... 3dal 211-01-t 
4,4'.0C0 31310 72-54-1 

,._ 

Eftdrln ....... ........ ........ 
~.-. 
H_:,_QO.-IIMI• 
I 'I a:Ncl§t u~·· • ........... 
lnde'la(1 , . ~ 
leophcwcw• 
~ ........ _. 
I'C&1011 
I'C&12Z1 
I'C&1-
PC& I ... " 
PC& 1M 
I'C&1254 
I'C&1210 

Pl1ow•••• ,.,.,.. T___. 
1.Z.•TI1Cfllcw01Ni-• 

~----1 
2..0.--ICII 
2.4-0icNcwucw•ICII 
Z,~lplleiiCII-----1 
2.~ 
2 ............ 
Z~ICII 
..._,.ICII 
Pwii&CI..,..,_ICII 

~"~~; ... ;; .... ;.;1111;:::::::~ 

Na. 

34311 
3Q7e 

3GI1 
:IIM10 
5&20 
38700 
3QI1 
34311 
3oW03 
3<WOI 
:MI8I 
3oWo47 
3-Wa 
3ol871 .... ... 
31411 
311100 
311!04 
38Sll 
3oWI1 ,..... 
3MIO 
341151 

3oW52 
. 3o&SM 
34«11 
~ 
3411e 
341157 
:M5111 ,.... 
311032 
~ 
~1 

CAS. 

·?~~ 
.;~ 

..:·--~-
~ 

102W7~· 
'111-74-1 
1744 
17-72-1-

.111341-4 
-71-51-f .. 11~ 

.;,~ 

12117+1~ 
11104-21-a 
1114,;;1N. 
~· 

121572-2M 
110117 .... 1· 
11~ 

·_:> 16-ot-t 
• :t·121-01).0 

IIOO'I..:JW' 
-- tZ.CZ-t 

•. ,· • .- .... "'! 

' 

.:~·~:( 
. 15-57-t ~'-
. 121).f3..2':~ 
105-f7~'" 

. '51~:~;. 
-·~· ·;. 
.: _a-
__ .11»-..... 
. 1CI. 
.. ~ 

' 

31. 033~78. "Standard Practices for ,._ STOA£T CAS*-::·,~~~~ 
Samplins Water." American Society for Na. '-' 

4,4'..ccE 311320 72-51-1 
4,4'.()0T 311300 ~ 
~ 3o655l ~70-3 

Testial and Materials. Philadelphia. .. .... 31120 a-17~ ;;:~r~ 
9. '"Methods 330.4 (Tltrimetric. DPD-FAS) lLAiolt! 3113:17 31........_ ,., .. ,... 

~ 38110 ... 74-2 
1..3-CICI ... ao-11•• 34511 $&1-73-1 
1..2-0icl*=-===· ~ ~1 

and 330.5 (Spectrophotometric. DPD) for WHC 3ll3o10 ....... > a·-:-
Chlorine. Total ResiduaL" Methods for ~ ' 3oQI1 ....._. •·1111 o:.· 

1,4-01 ........ _. 3d7'1 1~7 
3.3'oCicNcw01Nilllldi• 3CI1 S1 ...... 1 

Chemical Analysil of Water and Wutes. ~!.. ,_ K = 3321J::: ~~=·~.· 
EPA~/4-~ U.S. Environmental 3oC3III T7~7~ :':JU·.:: 

~ 
.., 10-57-1 

~ ........ ,.. 
~ 

30&1 131-11-3 

:::=:,c;=;.~:,oc;:::~:~orins = ::,~-==- = . ::::. ~~e-~: C~~~Mt¥...-
2.~ ~, 121-14-2 
~ ~ ~ ow..._,..._. :wue 117.....0 

45288. March 1979. •s- Secllaft 1:z. <t~ 
.:-:)'.":<~~' 

............... ~~ 1031~ ... 

TA8L! 4.-CHAoMATOGAAPHIC C0Hoi'T10HS. METHOO O£'rEcnoN IJwrs, AND~ MAsso FOR BASe/NEUTRAL ExTRAcT~~-:~ 

1~1CNOIOINI-•-----------------------f 
1,4o011oiilcw01Nia••-----------------------f 

~ ....... ·---------------------------~ 
llie(2.g ... _pq ---------------------------l 
1 .2oOici*"OINi-.. 

811(2~. J~MhW--------------------------~ N-Ma.adl ~ .......... _ .. 
...._ ... till•~·· 
l:l-4-Tiici*"OINiii• .. --------------------------1 ........... .__. liiC2-a*=wawrt .....,.. ____________________ -! 

ttaacDoc;c'a ..,.•·---------------------1 
59 

"-' ....... 
jlliiftl 

7.4· 
7.1 
L4 
L4 
u 
L3 

11.1 
11.4 
11.S 
11.1 
12.1 
12.2 
13.1 
15.1 
17.4 

........ ... 
... linill 
llo9/LJ 

u 
4.4 
u 
5.7 
u 
5.7 

1.1 
u 
u 
2.2 ,_. 
5.3 

u 
3.5 

O..:.iiiC ,_ =·~--~"i'i<; 
EleclrcwlilniiCI 

··-u..:.., 
a.n~a~~..-.:• __ "" 

.. 
;:J::~~ lliinwy a-. a-. .... ~ ,., ,., - -·· ":'·""'''!···!-=-.... 

1<1e 1 .. 113 1<1e ,.-- ~~.-~-;-
1<1e , ... 113 1 .. 1 .. fij 117 201 1 .. 111 2111 
t3 a 86 a 1G7 

1<1e 1<1e 113 1<1e , .. 
45 T7 71 T7 -:us 

130 42 101 
T7 123 e5 124 112 f.'' ~ 

Z25 zzs m zzs ~225 ... 
110 112 145 1e1 1IS ':1 ... 

i .; 

a .. 138 138 -117 -~ 

1211 1211 127 1ZI 157 ~~!> 
t3 86 123 • 1G7 -:;..,. 

237 Zl5 m Zl5 %11 .;~1':' 
112 1&6 127 ta 111 ~:o 
152 151 153 152 ta- ,.. 

·.:~ 

~ 
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TA&LE <4.--CHAoMATOGAAPHIC CoHomoNs, METHOO 0eTECTION LJa..rrs. ANO 01AAAc'TERISTIC MASSES FOR BASE/NEUTJW. ExTJ:IACTASLSS­
Contlnued 

ow--.-
~ 

.....,. ..._ laftlme a- E*:lraft ill'l*l a-.:.1 iollaOOti 
(mini llan limil 

(joe/IJ PNNiy s-. s-. ~ weft. loleltlo .., .., - - -
17.1 1.1 154 153 152 154 155 183 

QIIMII!Wt~ 11.3 1.1 183 114 1 .. 151 1113 1 .. 
2.~ 11.7 1.1 , .. .. 121 113 211 223 ..,_.. IU 1.1 1el 185 117 1el 117 Its 
~.--,.- 1U 4.2 »a 201 141 
2,4o01 .. IDI- 1U 1.7 185 13 111 113 211 223 
~ 2Q.1 1.1 1 ... 177 150 177 223 251 
Not• cf;w.,._. •. 2Q.5 1.1 188 1. 117 188 170 tM 
Ill ....... 21.0 1.1 .. 142 248 .. - 2M 
...-.:· 21.1 113 181 101 ...... ......,.__.,. ... 21~ 1.1 248 250 141 248 251 m 
loiHC' 22.4 113 181 101 

zz.a 5.4 171 171 171 171 171 207 
zz.a 1.1 171 171 171 171 171 207 

,1-aHC 2:1.4 4.2 let 183 101 
~ 2:1.4 1.1 100 m r14 
lo8HC Z:S.7 3.1 113 101 111 

24.0 1.1 .. 2CJ 2210 

~- 24.7 u 148 150 104 148 205 m 

~---
25.1 u 353 355 311 

~·· 
21.4 m 331 341 

F1uorwiiiiMe 2U u 202 101 100 20:1 231 243 ..... r1.2 u 7S 2CJ m 
•.•• -001 r1.2 s.e 248 248 171 
Pyt-. 27.3 u 202 101 100 20:1 231 243 
Etaill' rt.l 11 283 12 -
~·· 

21.1 237 331 341 
••• ·..QOO zu 2.1 235 m 185 
!lertlidine. 21.11 ... 1 .. 12 115 115 213 m 
•.• ·.ocT 21.3 4.7 235 m 185 
ena-;IM .... 21.1 5.1 m 317 ¢2 

EtaW~- 17 345 250 
llulyf--~ 21.1 u 148 11 zoe 1•1 211 m 
a.c2~~ 30.1 u 141 117 m 141 -o.y...._ 31.5 u 2:21 2:21 221 2:21 221 257 
Senzo(.,__ .. 31.5 7.1 221 221 2211 2:21 221 257 
3.3' 32.2 11.5 252 254 121 -· 
~~ 32.5 2.5 141 
8enzD(ll 34.1 u 252 253 125 252 253 211 
SeniD(k~ 34.1 u 252 253 125 252 253 211 
Senzo(~ 31.4 u 252 253 125 252 253 211 
lnd8na(1..2.3<.~ 42.7 3.7 271 131 m m m 305 
OitMiai:ICU <IU u m 131 271 m m 307 
~..,.... 4.1 4.1 m 131 m m m lea 
No~. I'..., ....... .a 14 ... 
OllanMn8• 11-30 373 375 377 
r..-..• 25-34 158 231 2:1:1 
IIC8 1011° 1a.30 224 2tO 214 
IIC8 1:z:tl' 15-30 30 110 224 2tO 
IIC81z:JZ• 15-32 110 224 2tO 
IIC8 1242' 1$.32 224 2tO 214 
IIC8 1248° 1~ 214 330 212 
IIC8 1254' Z24t :It 214 330 :112 ---· IIC8 1280° 2:t-32 330 :112 314 -4--

. s.. S8cllaft 1.%. 
• 'T'- OlllftpOUfllll----Ill- ......... (See-- 2 """ 12.) 
eo.--......: So a :ccc1 (1001120....,., ~wilt 3'!11 Sfl-ZZ50 ~in a 1.1 1ft ion9 X 211111110 gla.-- wilt,_... c:amar ga8 M 30 1111./mil'l llow- Column 

~~,.. ....._ M 50 "C lar 4 -. - 111091WIWIW4 M I 'C/IIIR 10 210 "C ..., ,.. lar 30 ,_, 

Qla-illic:-,._.. ........ ..._ llan1ima - e.c-~mpac~ ~iona-,,...., llan ..... 

~I UIOIIJ PNNiy s-. ~ l.lelllo loletft. .., - - -
2.QbOJII•IIII 5.1 3.3 121 54 130 121 131 1$7 
2~-- u 3.1 131 55 101 1«1 118 122 
"'-a~ LO 1.5 lot 55 .. H 123 135 
2. ~"' 1.4 2.7 122 107 121 123 151 l63 
2.4-0i;:tiiQ; Oili •a u Z.7 112 1 .. Ill 1e3 185 117 
2.c.& Trii:Nolop;•IGI 11.1 2.1 "' 191 2110 117 Ill 201 
~ 13.2 10 142 107 1" 143 171 163 
2.4o()l;oiii!M,_IGI 15.1 .a 154 a 154 115 213 22! 
~ ......... a 11.2 24 1M 112 n '"I m 231 

.ecNoeocu • ..,. 17.5 3.1 211 214 211 217 215 2el 
4J!1i .... .._ ••• 20.3 z.• .. 131 101 1«1 118 122 -
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...,_ r .. OllfiCiuliaft Urnlla tar • (,ool 
(,oo/\.1 \.) 

._...,.... 100 27.1 ._...,..,..,. 100 -.z 
Aldrin 100 31.0 ...._ .. 100 32.0 ... ....._. 100 27.8 
8enlaCtl 100 31..1 ..,...,...._,.,_ 100 3U ... ~ 100 31.0 

~"1Peo1:_~ 100 5Lt 
100 z:u ~CIU!yl,.. •• ., 
100 31.$ 

.........: 100 %1.8 
lil(2~~ 100 55.0 
lil(2 100 3"-5 
liiC2-cNorc·1 lt OP1.,.._ 100 41.3 
lil(2 100 41.1 
........ .,. pllenfl- 100 ZLO 
2.011111111 ......... 100 13.0 

~--.,. pllenfl ... 100 33.4 
100 41.3 

4,4'-alO 100 31.0 
4,4'.ccE 100 32.0 
4,4'.()0T 100 11.1 ,..;.._,, 100 10.0 
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3.3' 100 71.4 
~ 100 30.7 

~~ 100 21.5 
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Bil(2~ O.IIIC-1.5o& oS-0.11 0.351+0.1 
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COLiJIII': ~ SP·22SO.ON SUPB.COPORT 
PROGRAM: 50:-t FOR 4~ MIN. I-t/MIN TO 270-t 
DETECTOR: MASS "SPECTROMET£1 

,. 
Z2 24 211 21 30 

RETENTION TIME, MIN. 

m/z•m 

m/z•375 

Figure 4. Gas chromatogram ofchlordane. 
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COlUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM: SO-t FOR 4 MIN. SOC/MIN TO 270-t 
DETECTOR: MASS SPECTROMETER 

nal z •35 TO 450 

•lz•233 

lftlz•231 

llllz•159 

28 

RETENTION TIME. MIN • 

Figure 5. Gas chromatogram of toxaphene. 
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COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM: SOOC FOR 4 MIN. SOC/MIN TO 2700C 
OET£CTOR: MASS .SPECTROMETER 

m/z•35 TO 450 

m/z•2!4 

m/z•260 

• 

m/z•224 

11 21 30 

RETENTION TIME. MIN • 

Figure 6. Gas chromatogram of PC~·1 016. 
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COlUMN: 3% SP-2250 ON SUPS.COPOAT 
PROGRAM: SOOC FOR 4 MIN. SOC/MIN TO 2700C 
OETECTOR: MASS SP!CTROIIETER 

mlz •35 to 450 

m/z•260 

IIIIi •224 
------------------ ------

llll'z •190 
22 24 211 

RETENnON TIME. MIN. 

Figure 7. Gas chromatogram of PCB-1221. 
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COlUMN: 3" SP-2250 ON SUI'aCOPOAT . 
PROGRAM: SOOC FOR 4 MIN, SOC/MIN TO 2700C 
DmCTOR: MASS SPECTROMETER 

m/z•260 

rn/z•224 

m/z•190 

11 22 24 21 21 30 32 

RETENTION TIME. MIN. 

Figure 8. Gas chromatogram of PCB-1232. 
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COlUMN: 3% SP-22&0 ON SUPaCOPORT 
PROGRAM: 500C FOR 4 MIN. SOC/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

m/z•35 TO ~50 

o/z•260 

m/z•224 

~ ~ ~ ~ ~ u 
RETENTION TIME. MIN 

Figure 9. Gas chromatogram of PCB-1242. 
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COLUMN: 3% SP-2250 ON SUPaCOPORT 
PROGRAM: SOOC FOR 4 MIN. SOC/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

m/z •35 TO 450 

,. 2D 22 24 211 211 30 3:t 

RETENTION TIME. M\N • 

Figure 1 0. Gas chromatogram of PCB-1248. 
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COLUMN: ~ SP.22SO ON SUP-aCOPORT 
PSQGRAM: 50GC FOA·4 M1M. 1~/MIN TO 27G-C 
DETECTOft: MASS SPECTROMETER 

mlz•lS TO 450 

• a ~ ~ a ~ • ~ ~ 

RETENTION TIME. MIN. 

Figure 11. Gas chromatogram of fiCB-1254. 
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COLUMN: 3% SP·2250 ON SUPaCOPORT 
PROGRAM: SOOC FOR 4 MIN. SOC/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

m/z-35 TO 450 

....,__ ____________ -----

11 Z4 

RETENTION TIME. MIN. 

Figuf'e 12. Gas chromatogram of PCB-1 260. 
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ExallllfHe calculatiOft: Peak Height :a OE = 100""" 
tO% Peak Heitk« •10 •10 IIMI 

Peak Widtlt at 10% Peak Heigt.t :aAC = 23 mm 
A1=11-
8C = 12 111111 • 

Therefore: Tailing Fac:w :a!! :1.1 
11 

Figure 13. Tailing factor calculation. 
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1. Summary of Method 

This document outlines methods for sample preparation and 
gas chromatographic conditions applicable for the detection of 
ppb levels of organochlorine pesticides, polychlorinated 
biphenyls (PCBs) and herbicides. The following parameters can 
be determined by these methods: 

Chlorinated 
Herbicides 

2,4-D 
2,4-DB 
2f4,5-T 
2,4,5-TP 
Dalapon 
Dicamba 
Dichloroprop 
Dinoseb 
MCPA 
MCPP 

Pesticides and PCBs-

Aldrin 
a-BHC 
i -BHC 
w-BHC 
g-BHC (Lindane) 
Chlordane 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 

Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
Kepone 
Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

A list of prescribed methods which will be followed for the 
sample preparation and subsequent analysis of the above parameters 
is given as Table 1. In the analysis of organochlorine pesti­
cides and PCB's a measured volume of sample, approximately 1-L 
is extracted at a neutral pH with solvent using a separatory 
funnel or a continuous liquid-liquid extractor. The extract is 
dried and exchanged to hexane during concentration to a volume 
of lOml or less. Both neat and diluted extracts may be analyzed 
by direct injection. Solid samples are extracted with hexane: 
acetone (1:1) using either sonication or Soxhlet extraction 
techniques. The extract is separated by gas chromatography and 
the parameters in the GC effluent are detected by an electron 
capture detector (ECD). When a method is used to analyze unfamil­
iar samples for any or all of the parameters above, identifica­
tion will be supportd by at least one additional qualitative 
technique. Chromatographic conditions for the second qualitative 
method are also described in the procedures or where applicable 
EPA test method 625 which is the gas chromatographic/mass 
spectrometry method may be substituted. 
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Table 1. Sample extraction methods 

Sample 
Matrix 

Liquid 

Liquid 

Liquid 

Solid 

Solid 

Solid 

Method 

509A 
608 
3510 

509B 
8150 

3520 

3540 

3550 

8150 

Method Description 

Extract water samples at a neutral 
pH with extracting solvent using a 
separatory funnel. Solvent exchange 
during extract concentration. 

Extract chlorinated phenoxy acids and 
their esters from acidified water 
sample with ethyl ether using a 
separatory funnel. Extracts hydrolyzed 
and washed with solvent to remove 
extraneous materials. Acids converted 
to methyl esters for anlaysis. 

Continuous liquid-liquid extractor. 

Extract sample w/hexane:acetone 1:1 
using Soxhlet extraction procedure 

Extract sample w/hexane:acetone 
using sonication. 

Extract chlorinated phenoxy acids and 
their esters from acidified soil 
samples with ethyl ether using a 
separatory funnel. Extracts hydrolyzed 
and washed with solvent to remove 

'extraneous materials. Acids converted 
to methyl esters for analysis. 
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The detailed procedures of sample preparation and analysis 
conditions are included as appendices A-G. In addition, each 
procedure lists the method detection limits that should be 
obtained. The method detection limit (MDL) is defined as the 
minimium concentration of a substance that can be measured and 
reported with 99% confidence that the value is above zero. The 
MDL for a specific wastewater or sample may differ from those 
listed depending upon the nature of interferences in the sample 
matrix. Detection limits for these compounds in wastes should 
be set at l~g/g. 

Martin Marietta Environmental Systems Analytical Chemistry 
Lab is currently incorporating these referenced methods for 
the analysis of organochlorine pesticides, PCB's and chlorinated 
herbicides into a more detailed standard operating procedure. 
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APPENDIX A. 509A. Organochlorine Pesticides 

A-1 



' 

• 

538 

were tested by five laboratories. At an av­
erage COD of 193 mg 0 2/L in the absence 
of chloride, the standard deviation was 
: 17 mg 0 2/L (coefficient of variation 

508 D. 

I. BUilNS. E..R. &: C. MA.lWIALl.. 1%5. Com:c· 
tioll (or chloride interference in the chemical 
oxygea demand test. J. Wat~, Pollut. Cont10/ 
Fed. 37:1716. 

ORGANIC CONSTITUENTS (500) 

8.7%). At an average COD of 212 mg 0 1/ 

Land 100 mg a-IL. the standard devia­
tion was :20 mg 0 2/L (coefficient of var­
iation. 9.6%). 
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509 PESTICIDES (ORGANIC)• 

Large.scale application of pesticides in 
agricultural and forest areas can contnoute 
to the presence of these toxic materials in 
surface and groundwaten and ultimately 
iD water supplies. Contamination can occur 
through drainage from surrounding ter-

• Approwd by Scandat'd Methods Comminec. I 'IU 

rain. precipitation from the atmosphere, 
accidental spills of pesticides in the wa­
tershed area, or a cross-connection in a 
distribution system. 

Gas chromatographic methods for the 
determination of organochlorine pesticides 
and cHlorinated phenoxy acid herbicides iD 
water are presented here. 

509 A. Organochlorine Pesticides 

1. General Discussion procedure is suitable for quantitative de- · • 
termination of the following specific cmn­

a. Principle: This gas chromatographic pounds: BHC, lindane, heptachlor, aldrin. 
.. 
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heptachlor epoxide. dieldrin, endrin, cap­
tan, ODE, DOD, DDT, methoxychlor, en­
dosulfan, dichloran, mirex, and penta­
chloronitrobenzene. Under favorable cir­
cumstances, strabane. toxaphene. chlor­
dane (tech.), and others also may be 
determined when relatively high concen­
trations of these complex mixtures are pres­
ent and the chromatographic fingerprint is 
recognizable in packed or capillary column 
analysis. Triiluralin and certain organo­
phosphorus pesticides, suc:h as parathion, 
methylparathion, and malathion, which re­
spond to the electron-capture detector, also 
may be measured. However, the usefulness 
of the method for organophosphorus or 
other specific: pesticides must be demon­
strated before it is applied to sample anal­
ysis. 

In this procedure the pesticides are ex­
tracted with a mixed solvent, diethyl ether/ 
hexane or methylene chloride/hexane. The 
extract is concentrated by evaporation and, 
if necessary, is cleaned up by column ad­
sorption-chromatography. The individual. 
pesticides then are determined by gas c:h.ro­
matography. Although proc::dures detailed 
below refer primarily to packed columns, 
capillaty column chromatography may be 
used provided that equivalent results can 
be demonstrated. 

In gas chromatography a mobile phase 
(a carrier gas) and a stationary phase (col· 
umn packing) are used to separate individ­
ual compounds. The carrier gas is nitrOgen. 
argon-metbane. helium, or hydrogen. The 
stationary phase is a liquid that has been 
coated on an inert granular solid, c:alled 
the column packing, that is held in boro­
silicate glass tubing. The column is in­
stalled in an oven with the inlet attached 
to a heated injector block and the outlet 
attached to a detector. Precise and constant 
temperature contrOl of the injector block. 
oven, and detector is maintained. Station· 
ary-phase material and concentration. col· 
umn length and diameter, oven tem· 

perature. carrier-gas flow, and detector 
type are the controlled variables. 

The sample solution is injected through 
a TFE-faced silicone rubber septum onto 
the column with a mic:rosyringe. The pes­
ticides are vaporized and moved through 
the column by the carrier gas. They travel 
through the column at diiferent rates, de­
pending on diiferences in partition coeffi. 
c:ients between the mobile and stationary 
phases. A3 each component passes through 
the detector a quantitatively proportional 
change in electrical signal is measured on 
a strip-chart recorder. Each component is 
observed as a peak on the recorder chart. 
The retention time: is indicative of the: par­
ticular pesticide and peak height/peak area 
is proportional to its concentration. 

Variables may be manipulated to obtain 
important confirmatory data. For example. 
the detector system may be selected on the: 
basis of the specificity and sensitivity 
needed. The detector used in this method 
is an clectron<apture detector that is very 
sensitive to chlorinated compounds. Ad· 
dition.al confirmatory identiftcation can be 
made from retention data on two or more 
columns where the stationary phases are of 
diifen:nt polarities. A two-column proce­
dure that has been found particularly useful 
is spec:i1ied. If sufficient pesticide is avail­
able for detection and measurement, con­
firmation by a more defulitive technique. 
suc:h as mass spectrOmetry, is desirable:. 

b. I nterfennce: Some compounds other 
than chlorinated compounds respond to 
the eiectron-<:apture detector. Among these 
are oxygenated and unsaturated com­
pounds. Sometimes plant or animal ex­
tractives obscure pesticide peaks. These 
interfering substances often can be re­
moved by au.:Wiary cleanup techniques. A 
magnesia-silica gel column cleanup and 
separation procedure is used for this pur­
pose. Such cleanup usually is not required 
for potable: waters. 

1) Polychlorinated biphenyls (PCBs>­
Industrial plasticizen, hydraulic fluids. 
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and old transformer fiuids that contain 
PCBs are a potential source of interference 
in pesticide analysis. The presence of PCBs 
is suggested by a large number of partially 
resolved or unresolved peaks that may oc­
cur throughout the entire chromatogram. 
Particularly severe PCB interference will 
require special separation procedures. 

2) Phthalate esters-These compounds, 
widely used as plasticizers. cause electron· 
capture detector response and are a source 
of interferences. Water leaches these esters 
from plastics, such as polyethylene bottles 
and plastic tubing. Phthalate esters can be 
separated from many important pesticides 
by the magnesia-silica gel column cleanup. 
They do not cause response to halogen· 
specinc detectors such as microcoulometric 
or electrolytic conductivity detectors. 

c. Detection limits.: The ultimate detec­
tion limit of a substance is aifected by many 
factors. for example. detector sensitivity, 
extraction and cleanup efficiency, concen­
trations. and detector signal-to-noise leveL 
Lindane usually can be determined at 10 
ng/L in a sample of relatively unpolluted 
water; the DDT detection limit is some· 
what higher, 20 to 25 ng/L. Increased sen­
sitivity is lilcdy to increase interference 
with all pesticides. 

d. St:lmple pnsuwztion.: Some pesticides 
are unstable. Transport under iced condi· 
tions, store at 4•c until extraction, and do 
not hold more than 7 d. When possible. 
extract upon receipt in the laboratory and 
store extracts at 4•c until analyud. Ana· 
lyze extracts within 40 d. 

2.. Apparatus 

Clean thoroughly aU glassware used in 
sample collection and pesticide residue 
analyses. Clean glassware as soon as pos­
sible after use. Rinse with water or the 
solvent that was last used in it. wash with 
soapy water, rinse with tap water, distilled 
water, redistilled acetone. and finally with 
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pesticide-quality hexane. As a precaution, 
glassware may be rinsed with the extracting 
solvent just before use. Heat heavily con­
taminated glassware in a mutfte furnaee at 
40<1C for IS to 30 min. High-boiling-point 
materials, such as PCBs, may require over­
night heating at SOO"C. but no borosilicate 
glassware can exceed this temperature 
without risk. Do not beat volumetric ware. 
Clean volumetric glassware with special re­
agents. • Rinse with water and pesticide· 
quality hexane. After drying, store glass­
ware to prevent accumulation of dust or 
other contaminants. Store inverted or cover 
mouth with aluminum foil. 

a. Sample bottles: 1-L capacity, glass, 
with TFE-lined screw cap. Bottle may be 
calibrated to minimize transfers and po­
tential for contamination. 

b. Evaporative concentrator, Kuderna­
Danish, 500-mL dask and 10-mL gradu­
ated lower tube fitted with a 3-ball Snyder 
column, or equivalent. 

c. Separatory funnels. 2-L capacity, ..-ith 
TFE stopcock. 

d. GradUIZted cylinders. 1-L capacity. 
e. Funnels, 1~-mL. 
f. Glass wool. filter grade. 
g. Chromatographic column. 20 mm in 

diam and 400 mm long, with coarse fritted 
disk at bottom. 

h. Microsyringes. 10- and 25-J.LL capac· 
ity. 

i. Hot water bath. 
j. Gas chromatograph. equipped with: 
1) Glass-lined injection port 
2) Electron-capture detector. 
3) Recorder: Potentiometric strip chart, 

25-an, compatible with detector and as­
sociated electronics. 

4) Borosilicate glass column, 1.8 m X 4-
mm ID or 2-mm ID. 

Variations in available gas chromato­
graphic instrumentation necessitate differ~ 

•No ChromU. Ciodu. 6 Vuic:k Plac:e. New York. N.Y~ 
ot eqwvalcnL 
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ent operating procedures for each. 
Therefore, refer to the manufacturer's op­
erating manual as well as gas chromatog­
raphy catalogs and other references (see 
Bibliography). In general, use equipment 
with the following features: 

• Curier-gas line with a molecular sieve 
drying cartridge and a trap for removal of 
oxygen from the carrier gas. A special pur­
i.fiert may be used. Use only dry carrier 
gas and insure that there are no gas leaks. 

• Oven temperature stable to :!: O.SC or 
better at desired setting. 

• Chromatographic columns-A well­
prepared column is essential to an accept­
able gas chromatographic analysis. Obtain 
column packings and pre-packed columns 
from commercial sources or prepare col· 
umn packing in the laboratory. 

It is inappropriate to give rigid specifi­
cations on size or composition to be used 
because some instruments perform better 
with certain columns than do others. Col­
umns with 4-mm ID are used most com· 
monly. The carrier-gas flow is approx­
imately 60 mUmin. When 2-mm·ID col­
umns are used, reduce carrier-gas flow to 
about 2.S mUmin. Adequate separations 
have been obtained by using S% OV-210 
on 100/120 mesh dimethyl-dichlorosilane­
treated diatomaceous earth.t in a 2-m col­
umn.. The 1.5% OV-17 and 1.95% QF-1 
column is recommended for conflrmatory 
analysis. Two additional column options 
are included: 3% OV-1 and mixed-phase 
6% QF·l + 4% SE-30, each on dimethyl­
dichlorosilane-treated diatomaceous earth, 
100-120 mesh. OV-210, which is a refmed 
form of QF-1, may be substituted for 
QF-1. A column is suitable when it effects 
adequate and reproducible resolution. 
Sample chromatograms are shown in Fig· 
ures S09: 1 through 509:4. 

tHydl'l3. Mach- Oaa Produaa. P. 0. Bo.r. E. Lynd­
hunt. NJ~ or eqwvalcnL 
!Oaa Chrom Q. Applied Science L..abs.. Inc.. P. 0. Bo.r. 
440. Swe Collqe. PL. or equivalenL 

Alternately, use fused silica capillary§ 
columns, 30 m long with a 0.32-mm ID 
and 0.25-,u.m film thickness, or equivalent. 
See Figure 509:5. To confirm identification 
use a column of ditferent polarity ~I 

3. Reagents# 

Use solvents, reagents, and other mate­
rials for pesticide analysis that are free from 
interferences under the condition of the 
analysis. Specific selection of reagents and 
distillation of solvents in an all-glass system 
may be required. ••Pesticide quality" sol­
vents usually do not require redistillation; 
however, always detennine a blank before 
use. 

a. He:uzne. 
b. Petroleum ether, boiling range 30 to 

6CJ'C. 
c. Diethyl ether. CAUTION: E:tplosive per­

OJCides und to form. Test for presence of 
peroxides•• and, it present, reilux over 
granulated sodium-lead alloy for 8 h, distill 
in a glass apparatus, and add 2% methanol. 
Use immediately or, it stored, test for per­
oxides before use. 

d. Ethyl acetate. 
e. Methylene chloride. 
f. Magnesia-siliCD gel. tt PR grade, 60 to 

100 mesh. Purchase activated at 676•c and 
store in the dark in glass container with 
glass stopper or foil-lined screw cap; do not 
accept in plastic container. Before use, ac­
tivate each batch overnight at 13o-C in foil­
covered glass container. 

g. Sodium sulfate. Na.zSO., anhydrous, 
granular: Do not accept in plastic con-

§J .t W Scicnti6c. DB-,. DB-1701. ot equivalenL 
IIJ .t W Scientific, DB-I, ot equivalcnL 
#Ou duomaiOcnphic medlods an= extremely sensitive 
to the nweriala 11M1i. Mentioa o{ trade IW"IICI by "Stand· 
ard MeUiods" does ncx preclude tbe use o( ocher exisanc 
~ u-y«~O!Icd prodlldS tba.c give UIPUNUII'ffbly 
equal resuiU. 
••use E. M. Quant"". MCB Mmuiacturinc Chemists. 
Inc.. 2909 Hi&llland Ave.. ClnQnnati, Ohio. or equivalenL 
"11'F1orisil"" or equivalent. 
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F"~P" .509:1 •. ResWts ol ps cllromacognphic procedure ror organochlorine pesticides. Column 
pKX!ac: 1.5,. OV-17 + 1.9!~ QF·1; ca'rrier ps: UIOfl/methane at 60 mUmin; 
cohuu tem,.ncure: lOO"C; detector: electro~~ capture i.a pulse mode. 

tainer. It necessary, bake in a mu1Be fur. 
nace to eliminate interferences. 

IL Si!llniud gltU:t wooL 
i. Column packing: 
1) Solid support-Dimethyl dichlorosi­

lane-treated diatomaceous earth,!! 100 to 
120 mesh. 

2) Liquid phases-OV-1, OV-210, U% 
OV-17 (SP 2250) + 1.95% QF·1 (SP 
2401), and 6% QF-1 + 4% SE-30, or 
equivalent. 

j. Carrier gas: One of the following is 
required: 

1) Nilrogen ga:, purified grade, moisture­
and oxygen-free. 

t:Ou-Chrom Q"'. Supelcopon. or eqwvalenL 

2) Argon-methane (95 + 5%) for use in 
pulse mode. 

k. Pesticide ~ference standards.: Obtain 
purest standards available (95 to 98%) 
from gas chromatographic and chemical 
supply houses. 

L Stock pcticide solutions: Dissolve 100 
mg of each pesticide in ethyl acetate and 
dilute to 100 mL in a volumetric fiask; 1.00 
mL = 1.00 mg. 

rrr.. Intermediate pesticide solutions: Di­
lute 1.0 mL stock solution to 100 mL with 
ethyl acetate; 1.0 mL == 10 IJ.g. 

1L Working standard solutions for gas 
chromatography: Prepare final concentra­
tion of standards in hexane solution as re· 
quired by detector sensitivity and linearity. 
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r1pre 509:l. Results o( IU chromatographic 
procedure ror orzaaochlorine 
pesticides. Column packing: 5~ 
OV·%10; carrier 1•s: arcoa/ 
raedlane at 70 mUnWI; <:o4uma 
temperature: liiO"C; detector: 
eMctroll capcure. 

4. Procedure 

a. Pnparrztion of chromatograph: 
1) Packing the column-Use a column 

constructed of si1ani.zed borosilicate glass 
because other tubing materials may cata­
lyze sample component decomposition. Be· 
fore packing, rinse and dry column tubing 
with solvent. e.g .• methylene chloride. then 
methanoL Pack column to a uniform den­
sity not so compact as to cause unnecessary 
back pressure and not so loose as to create 
voids during usc. Do not crush packing. 
Fill column through a funnel connected by 
flexible tubing to one end. Plug other end 
of column with about 1.3 em silanized glass 
wool and fill with aid of gentle vibration 
or tapping but do not use an electric vi­
brator because it tends to fracture packing. 
Optionally, apply a vacuum to plugged 

end. Plug open end with silanized glass 
wooL 

2) Conditioning-Proper thermal and 
pesticide conditioning are essential to elim­
inate column bleed and to provide accept­
able gas chromatographic analysis. The 
following procedure provides excellent re­
sults: Connect packed column to the injec­
tion port. Do not connect column to 
detector; however, maintain gas dow 
through detector by using the purge-gas 
line. or in dual-column ovens, by connect­
ing an unpacked column to the detector. 
Adjust carrier-gas !low to about 50 mL/ 
min and slowly (over a 1-h period) raise 
oven temperature to 230"C. After 24 to 48 
b at this temperature the column is ready 
for pesticide conditioning. 

Adjust oven temperature and carrier-gas 
!low rate to approximate operating levels. 
Make six consecutive 10-,u.L injections of 
a concentrated pesticide mixture through 
column at about 15-min intervals. Prepare 
this injection mixture from' lindane. hep­
tachlor, aldrin. heptachlor epoxidc. diel­
drin. endrin. and p.p'·DDT, each 
compound at a concentration of 200 ngl 
Jll- After pesticide conditioning, connect 
column to detector and let equilibrate for 
at least 1 h. preferably overnight. Column 
is then ready for use. 

3) Injection technique 
a) Develop an injection technique with 

constant rhythm and timing. The .. solvent 
!lush" technique described below has been 
used suc:e:ssfully and is recommended to 
prevent sample blowback or distillation 
within the syringe needle. Flush syringe 
with solvent. then draw a small volume of 
clean solvent into syringe barrel (e.g .• 1 ,u.L 
in a 10-,u.L syringe). Remove needle from 
solvent and draw 1 ,u.L of air into barrel. 
Draw 3 to 4 ,u.L of sample extract into 
barrel. Remove needle from sample extract 
and draw approximately l ,u.L air into bar­
rei. Record volume of sample extract be­
tween air pockets. Rapidly insert needle 
through inlet septum, depress plunger, 
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Ficun 509-.3. Chromatocr.ua o( pesticide mixture. C.Humn packinr. ~ QF·l + 4'*' SE-30; ·carrier 
pc ~r~Galmedwle ac 60 ID.l./lllia; coiiUIIII ccmperaauc lOO"C; detector: electrva c:a,.. 

bin. 

withdraw syringe. After each injection 
thoroughly clean syringe by rinsing several 
times with solvent. 

b) Inject standard solutions of such con­
centration that the injection volume and 
peak height of the standard are approxi­
mately the same as those of the sample. 

b. Trftltment of sampler 
1) Sample collection-F'tll sample bottle 

to neck. Collect samples in duplicate. 
2) Extraction of samples-Shake sample 

well and accurately measure all the sample 
in a 1-L graduated cy Iinder in two meas­
uring operations if necessary (or use a pre­
calibrated sample bottle to avoid transfer 
operation). Pour sample into a 2-L sepa­
ratory funnel. Rinse sample bottle and cyl­
inder with 60 mL lS% diethyl ether or 

methylene chloride in hexane. pour this 
solvent into separatory funnel. and shake 
vigorously !or 2 min. Let phases separate 
for at least 10 min. 

Drain water phase from separatory fun­
nel into Sample bottle and carefully pour 
organic phase through a 2-an-OD column 
containing 8 to 10 em of Na,SO, into a 
Kuderna-Danish apparatus tined with a 
10-mL concentrator tube. Pour sample 
back into separatory funneL 

Rinse sample bottle with 60 mL mixed 
solvent. use solvent to repeat sample ex· 
traction. and pass organic phase through 
N~SO,. Complete a third extraction with 
60 mL of mixed solvent that was used to 
rinse sample bottle again. and pass organic 
phase through Na,SO,. Wash NalSO, with 

·: ·.·-· 
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Flpn !09:4. Chromatosnm ol pesticide mixture. Column pedti~ ~ OV-1; carrier llSS: argon/ 
-daaM at 70 aaL/IIIill; c:olwu temperat~~n: 180"C; detec10C": eJeccroa capCW'e. 

several portions of hexane and drain well. 
Fit Kuderna-Danish apparatus with a 
three-ball Snyder column and reduce vol­
ume to about 7 mL in a hot water bath (90 
to 9~C). At this point all methylene chlo­
ride present in the initial extracting solvent 
has been distilled otr. Cool. remove con­
centrator tube from Kuderna-Danish ap­
paratus, rinse ground-glass joint. and dilute 
to 10 mL with hexane. Make initial gas 
chromatographic analysis at this dilution. 

3) Gas chromatography-Inject 3 to 4 
I-LL of extract solution into a column. Al­
ways inject the same volume. Inspect re­
sulting chromatogram for peaks cor· 

responding to pesticides of concern and for 
presence of interferences. 

a) If there are presumptive pesticide 
peaks and no significant interference. re· 
chromatograph the extract solution on an 
alternate column. 

b) Inject standards frequently to insure 
optimum operating conditions. If neces­
sary, concentrate or dilute (do not use 
methylene chloride) the extract so that peak 
size of pesticide is very close to that of 
corresponding peaks in standard. (See di­
lution factor, ~ Sa). 

c) If significant interference is present, 
separate interfering substances from pes­
ticide materials by using the cleanup pro-
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Flpn 509:!. Oaromatocnm of pesticide lllixtllre.. Column 08-S, 30 m long. multilevel program 
temperature. electro~~ capture detector. 

cedure described in the following 
paragraph. 

4) Magnesia-silica gel cleanup-Adjust 
sample extract volume to 10 mL with hex· 
ane. Plac:e a charge of activated magnesia­
silica gel§§ (weight determined by lauric· 
acid value, see Appendix) in a chromato­
graphic column. After settling gel by tap­
ping column. add about 1.3 em anhydrous 
granular N~O. to the top. Pre-elute col­
umn. after cooling, with SO to 60 mL pe­
troleum ether. Discard eluate and just 

§§ Flonsil"' or equivalau. 

before exposing sulfate layer to air, quan· 
titatively transfer sample extract into col­
umn by careful decantation and with 
subsequent peuoleum ether washings (5 
mL maximum). Adjust elution rate to 
about S mL/min and, separately, colle(:t 
the eluates in SOO-mL Kuderna-Danish 
tlasks equipped with 10-mL re(:eivers. 

Make first elution with 200 mL 6% ethyl 
ether in petroleum ether. and the Se(:Ond 
with 200 mL 15% ethyl ether in petroleum 
ether. Make third elution with 200 mL 
SO% ethyl ether-petroleum ether and the 
fourth with 200 mL 100% ethyl ether. Fol· 
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low with 50 to 100 mL petroleum ether to 
insure removal of all ethyl ether from the 
column. Alternatively, to separate PCBs 
elute initially with 0% ethyl ether in pe­
troleum ether and proceed as above to yield 
four fractions. 

Concentrate eluates in Kudema-Danish 
evaporator in a hot water bath as in ~ 4b2) 
preceding. dilute to appropriate volume, 
and analyze by gas chromatography. 

Eluate composition-By use of an equiv­
alent quantity of any batch of magnesia­
silica gel as determined by its lauric acid 
value (see Appendix) the pesticides will be 
separated into the eluates indicated below: 

6~ Ethyl E:Jr~,. EIUtJt~ 
Aldrin 
BHC 
Chlordane 
DOD 
ODE 
DDT 

Heptachlor Penw:hloro-
Hepw:hlor nitrobenzene 

epoxide Strabane 
Lindane Touphene 
Methoxychlor Trii!uralin 
Mires PCBs 

IS~ Ellryl 
E:lt~ EJUIZU 

EndolulCan I 
EndriD 
DieidriD 
Oichlonn 
Phthalate esters 

.50~ Eliry/ 
Elir~ EIUIJl~ 

Endosultan II 
CapWl 

If present. certain thiophosphate pesticides 
will occur in each of the above fractions as 
well as in the 100% ether fraction. For 
additional information regarding eluate 
composition and the procedure for deter­
mining the lauric acid value. refer to the 
FDA Pesticide Analytical Manual (see Bib­
liography). For elution pattern test pro­
cedure see Appendix. Section 4. 

5) Determination of extraction effi. 
ciency-Add known amounts of pesticides 
in ethyl acetate solution to 1 L water sam­
ple and C3rrJ through the same procedure 
as for samples. Dilute an equal amount of 
intermediate pesticide solution (~ 3m 
above) to the same final volume. Call peak 
height from standard ••a" and peak height 

from sample to which pesticide was added 
.. b," whereupon the extraction efficiency 
equals b/a. Periodically determine extrac· 
tion efficiency and a control blank to test 
the procedure. Also analyze one set of du­
plicates with each series of samples as a 
quality-control check. 

5. Calculation 

a. Dilution factor: If a portion of the 
extract solution was concentrated. the di­
lution factor, D, is a decimal; if it was di­
luted, the dilution factor exceeds 1. 

b. Determine pesticide concentrations by 
direct comparison to a single standard 
when the injection volume and response are 
within I 0% of those of the sample pesticide 
of interest (Table 509:1). Calculate concen­
tration of pesticide: 

where: 

AxBxCxD 
~- ExFxG 

A • n1 standard pesticide. 
B • peak height of sample. mm. or are:a 

count. 
C • extnd volume. ,u.L. 
D • dilutioa factor. 
E • peak height of standard. mm. or are:s 

count. 
F • volume of extraCt injected. ,u.L. and 
G • volume of sample extracted. mi.. 

Typical chromatograms of representa· 
tive pesticide mixtures are shown in Fig­
ures 509: 1 through 509:5. 

Report results in micrograms per liter 
without correction for efficiency. 

6. Precision and AcCtJracy 

Ten laboratories in an interlaboratory 
study selected their own water samples and 
added four representative pesticides to rep­
licate samples. at two concentrations in 
acetone. The added pesticides came from 
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TABLE 309:1. REl"ENnON RAnos OP V .U.IOUS 0ROANOCMLOIUNE 

PESTICIDES RE1.A TlVE TO ALDRIN 

I.$,_ OY·17 6,;, QF·l 
Liquid phase• + 3,. 3,;, + 

1.9,,._ QF·l OV-210 OV-1 4,_ SE-30 

Column Temperature 2CXTC 180"C 180"C 200"C 

Argon/ methane 
carrier ftow 60 mL/min 70 mL/min 70 mL/min 60 mL/min 

Pesticide llll llll llll llll 

a: -BHC 0.54 0.64 0.35 0.49 
PCNB 0.68 0.85 0.49 0.63 
Lindane 0.69 0.81 0.44 0.60 
Dic:hloran 0.17 1.29 0.49 0.70 
Heptachlor 0.82 0.87 0.78 0.83 
Aldrin 1.00 1.00 1.00 1.00 
Heptachlor epoxide U4 1.93 1.28 1.43 
Endosulfan I 1.9' 2.48 1.62 1.79 
p,p'·DDE 2.23 2.10 2.00 1.82 
Dieldrin 2.40 3.00 1.93 2.12 
Cap tan 2.59 4.09 1.22 1.94 
Endrin 2.93 3.56 2.18 2.42 
o.p'·DOT 3.16 2.70 2.69 2.39 
p.p'-000 3.48 3.7$ 2.61 2.55 
Endosulfan II 3.59 4.59 2.25 2.72 
p.p'·DOT 4.18 4.C17 3 • .SO 3.12 
Mira 6.1 3.78 6.6 4.79 
M~xychlor 7.6 6.5 5.1 4.60 

Aldrin 
(Min absolute) 3.$ 2.6 4.0 3.6 

• All COIIIIIUIS &iua, ISO CZil X 4 1D111 ID, solid suppon o-ouoaa Q (100/200 mesh). 

a single source. Samples were analyzed cleanup. Precision and rer:tJvery data are 
with and without magnesia-silica gel given in Table 509:II. 

Appendix-Standardization of Magnesia-Silica Gel* Column by 
Weight Adjustment Based on Adsorption of Lauric Acid 

A rapid method for determining adsorp­
tive capacity of magnesia-silica gel is based 

• F1orisil"" or equivalau. 

on adsorption of lauric acid from hexane 
solution. An excess of lauric acid is used 
and the amount not adsorbed is measured 
by alkali titration. The weight of lauric acid 
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TABU m:Il. PRECISION AND ACCtJR.ACY DATA FOR. SELECTED 0ROANOCHLORINE PESTICIDES 

Precision• 
Level Mean ,,;L 
Added Pre- ~very Recovery 

Pesticide trt/L treatment trt/L ~ s.,. s. 

Alcl.rin 1-' No cleanup 10.42 69 4.86 2..-'9 
110 79.00 72 32.06 20.19 
2-' Cleanupt 17.00 68 9.13 3.48! 

100 64.54 6-' 27.16 8.02: 

Lizu:lane 10 No cleanup 9.67 97 '.28 3.47 
100 72..91 73 26.l3 11.49! 
1' Cleanupt 14.04 94 8..73 ,.20 
8-' S9.08 70 27.49 7.7S! 

Dieldrin 20 No cleanup 2U4 108 18.16 17.92 
m 10-'.83 8S 30.41 21.84 
2-' Cleanup 17.-'2 70 10.44 s.to: 

130 84.29 6S 34.4S 16.79! 

DDT 40 No cleanup 40.30 101 1"-96 13.42 
200 1-'4.87 77 38.80 24.02 

30 Cleanupt 3S.54 118 22..62 22..50 
18-' 132.08 71 49.83 2-'.31 

• s.,. - O¥Cnil pncisioa and s. - sincle-opcmor precision. 
t Usc ola~.acncsia-silic:a gel c:olumD clcaau'P before an.a.lysis. 
:s. < s.,.~ 

adsorbed is used to calculate, by simple 
proportion. equivalent quantities of gel for 
batches having di1ferent adsorptive capac­
ities. 

1. Reagents 

a. Ethyl alcohol. USP or absolute, neu­
tralized to phenolphthalein. 

b. Haan~ distilled from all-glass ap­
paratus. 

c. lAuric acid solution: Transfer 10.000 
g lauric: acid to a 500-mL volumetric: tlask. 
dissolve in hexane, and dilute to 500 mL; 
1.00 mL = 20 mg. 

d. Phenolphthalein indicator. Dissolve 1 
g in alcohol and dilute to 100 mL. 

t.. Sodium hydro:cid~ O.OSN: Dilute 2S 
mL IN NaOH to 500 mL with distilled 
water. Standardize as follows: Weigh 100 
to 200 mg lauric: acid into 125-mL erlen-

meyer tlaslc; add SO mL neutralized ethyl 
alcohol and 3 drops phenolphthalein in­
dicator; titrate to permanent end point; and 
calculate milligrams lauric: acid per milli­
liter NaOH (about 10 mg/mL). 

2. Procedure 

Transfer 2.000 g magnesia-silica gel to a 
25-mL glass-stoppered erlenmeyer ffaslc. 
Cover loosely with aluminum foil and heat 
overnight at lJO"C. Stopper, cool to room 
temperature, add 20.0 mL lauric: acid so­
lution ( 400 mg), stopper, and shake occa­
sionally during 1 S min. Let adsorbent ~ttle 
and pipet 10.0 mL supernatant into a 125-
mL erlenmeyer tlaslc. Avoid including any 
gel. Add SO mL neutral alcohol and 3 drops 
phenolphthalein indicator solution; titrate 
with 0.05N NaOH to a permanent end 
point. 
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3. Calculation of Lauric Acid Value and 
Adjustment of Column Weight 

Calculate amount oflauric acid adsorbed 
on gel as follows: 

Lauric acid value • mg lauric acid/ 1 gel • 200-
(mL required for titration X mg lauric acid/mL 
O.O,N NaOH). 

To obtain an equivalent quantity of any 
batch of gel. divide 110 by lauric acid value 
for that batch and multiply by 20 g. Verify 

ORGANIC CONSTITUENTS (500) 

proper elution of pesticides by the proce. 
dure given below. 

4. Test for Proper Elution Pattern and 
Recovery of Pesticides 

Prepare a test mU:ture containing aldrin, 
heptachlor epoxidc, p,p'·ODE, dieldrin, 
parathion. and malathion. Dieldrin and 
parathion should elute in the IS% eluate; 
all but a trace of malathion in the 50% 
eluate, and the others in the 6% eluate. 

509 B. Chlorinated Phenoxy Acid Herbicides 

Phenoxy acid herbicides are ~ exten­
sively for weed control. Esters and salts of 
2.4-0 and silvex have been used as aquatic 
herbicides in lakes, streams. and irrigation 
canals. Phenoxy acid herbicides are very 
pOtent herbicides even at low concentra­
tions. 

1. General Disa.lssion 

a. Principle: Chlorinated phenoxy acid 
herbicides such as 2.4-0 (2.4-dichloro­
phenoxyacetic acid], silvex (2-{2.4,5-tri­
chlorophenoxy) propionic acid], 2.4,.S-T 
(2.4,5-trichlorophenoxyac:etic acid], and 
similar chemicals may be determined by a 
gas chromatographic procedure. 

Because these compOunds may occur in 
water in various forms (e.g., acid. salt, es­
ter) a hydrolysis step is included to permit 
determination of the active part of the her· 
bicide. 

Chlorinated phenoxy acids and their es­
ters are extracted from the acidified water 
sample with ethyl ether. The e:~:tracts are 
hydrolyzed and e:~:traneous material is re­
moved by a solvent wash. The acids are 
converted to methyl esters and are further 
cleaned up on a microadsorption column. 
The methyl esters are determined by gas 
chromatography. 

b. Interference: See Section 509A.lb. Or­
ganic acids, especially chlorinated acids, 
cause the most direct interference. Phenols, 
including chlorophenols, also may inter­
fere. Albline hydrolysis and subsequent 
extraction eliminate many of th~ predom­
inant chlorinated insecticides. Because the 
herbicides react readily with albline sub­
stances, loss may occur if there is alkaline 
contact at any time e:tcept in the controlled 
albline hydrolysis step. Acid-rinse glass­
ware and glass wool and acidify sodium 
sulfate (N~SO.) to avoid this possibility. 

c:. Detection limits: The practical lower 
limits for measurement of phenoxy acid 
herbicides depend primarily on sample size 
and. instrUmentation used. If the e:ttract 
from a 1-L sample is concentrated to 2.00 
mL and 5.0 JJ.L of concentrate is injected 
into the electron~pture gas chromato­
graph, reliable measurement of SO ng 2,4-
DIL. 10 ng silvex/L, and 10 ng 2.4,5-T/ 
L is feasible. Concentrating extract to 0.50 
mL permits detection of approximately 10 
ng 2,4-0/L, 2 ng silvex/L, and 2 ng 2,4,5-
T /L The sensitivity of the electron-capture 
detector often is affected adve~ly by ex· 
traneous material in sample or reagents. 
Concentrating the extract progressively 
amplifies this complication. Thus, the prac· 

--~·-

.-: ... 
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tical lower limits of measurement are dif­
ficult to define. 

2. Apparatus 

Oean glassware with detergent in the 
usual manner, rinse in dilute HO. and fi. 
nally rinse in distilled water. To assure re­
moval of organic matter, follow the 
procedure given in Section S09A.2. 

a. Stzmp/~ bottler l·L capacity, glass. 
with TFE·lined screw caps. Bottles may be 
calibrated to minimize transfers and po­
tential for contamination. 

b. Evaporative concentrator, Kudema· 
Danish. 250-mL 8ask and 5-mL volumetric 
receiver. • 

c. Snyder columns. three-ball macro, 
one-ball micro. 

d. Separator; funnels. 2-L and 60-mL 
sizes with TFE stopcocks and taper 
ground-glass stoppers. • 

e. Pip~rs, Pasteur, disposable, 140 mm 
long and S mm ID, glass. 

f. Micf'OS)Iringes. 1 0-,u.L. 
g. Sand bath. duidized, t or water bath. 
h. Erl~nm~~r flask. 250-mL with 

ground-glass mouth to tit Snyder columns. 
i. Gas chrarMtographic system: See Sec­

tion S09A.2j. Operating parameters that 
produce satisfactory chromatograms for 
herbicide analyses are: injector tempera­
tur«=: 21SC; oven temperature, 18SC; and 
earner-gas dow, 70 mUmin in a 4-mm· 
ID column. 

3. Reagentsi 

Check all reagents for purity by the gas 
chromatographic procedure. Save time and 
e1fort by selecting high-quality reagents 
that do not require further preparation. 
Some purification of reagents may be nee-

• Kontes or equiva.lenc. 
tT eCam or equiva.lenc. 
!Chronwocnphic: lllcthoda an ucmndy 1CIIIitivc 1e1 the 
-tcrials IIMd. Mentioa o( trade names by "'Scandard 
Methods" docs not pre:ludc the usc of other esistinc or 
u-yct•WidC'Ielo,cd produca that pvc rilmOtUtrably oq.W 
results. 

essary as outlined below. If more rigorous 
treatment is indicated, obtain reagent from 
an alternate source. 

a. Diethyl ether, reagent grade. See 
S09A..3c. 

b. Toluene. pesticide quality, distilled in 
glass, or equivalent. 

c. Sodium sulfate. Na.zSO .. anhydrous, 
granular. Store at 1.30"C. 

d. Sodium sulfate SDlution: Dissolve SO 
mg anhydrous Na.zSO, in distilled water 
and dilute to 1 L. 

e. Sodium sulfate. acidified: Add 0.1 mL 
cone H1SO, to 100 g Na:SO, slurried with 
enough ethyl ether to just cover the solid. 
R:move diethyl ether by vacuum drying. 
Mtx 1 g of resulting solid with 5 mL dis~ 
tilled water and confirm that mixture pH 
is below 4. Store at 130"C. 

f. Sulfuric acid. H1SO., cone. 
g. Sulfuric acid. H1SO,. 1 + 3. Store in 

refrigerator. 
h. PotiJSSium hydroxide SDlution: Dis· 

solve 37 g KOH pellets in distilled water 
and dilute to 100 mL. 

i. Boron triftuorid~·methanol. 14% boron 
trifiuoride by weight. 

j. Magnesia-siiicll gel.§ PR grade, 60 to 
100 mesh. Purchase activated at 676"C and 
store at 1.30"C. 

lc. Gkw wool. filtering grade, acid· 
washed. 

L Herbicid~ standards. acids. and methyl 
esters. analytical reference grade or highest 
purity available. 

m. Stock. herbicide mlutions.· Dissolve 
100 mg herbicide or methyl ester in 60 mL 
diethyl ether; dilute to 100 mL in a volu­
metric ftask with hexane; 1.00 mL = 1.00 
mg. 

tt. lntermedillte herbicide solution: Dilute 
LO mL stock solution to 100 mL in a vol~ 
umetric 8ask with a mixture of equal vol­
umes of diethyl ether and toluene; 1.00 mL 
- 10.0 )J.g. 

o. Stand ani solution for chromatography: 

§Florisilno or equivalenL 
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tical lower limits of measurement are dif­
ficult to define. 

2. Apparatus 

Clean glassware with detergent in the 
usual manner, rinse in dilute HCl, and fi­
nally rinse in distilled water. To assure re­
moval of organic matter, follow the 
procedure given in Section 509 A.2. 

a. Sampl• bottler 1-L capacity, g1a.ss, 
with TFE-Iined screw caps. Bottles may be 
calibrated to minimize transfers and po­
tential for contamination. 

b. Evaporative concentrator, Kuderna­
Danish. 250-mL fiask and 5-mL volumetric 
receiver. • 

t:. Snyder columns. three-ball macro, 
one-ball micro. 

d. Separatory funnels. 2-L and 60-mL 
sizes with TFE stopcocks and taper 
ground-glass stoppers. • 

1. Pipets. Pasteur, disposable, 140 mm 
long and S mm ID, glass. 

f. Microsyringes. 10-}JL 
g. Sand bath. fluidized. t or water bath. 
h. Erlenmeyer flask. 250-mL with 

ground-glass mouth to tit Snyder columns. 
i. Gas clrromatographic system: See Sec­

tion S09A.2j. Operating parameters that 
produce satisfactory chromatograms for 
herbicide analyses are: injector tempera­
ture, 21SC; oven temperature, lSSC; and 
carrier-gas tlow, 70 mUmin in a 4-mm­
ID column. 

3. Reagents; 

Check all reagents for purity by the gas 
chromatographic procedure. Save time and 
e1fort by selecting high-quality reagents 
that do not require further preparation. 
Some purification of reagents may be nee-

• Konus or cquinlenL 
tTcCam or cquinlenL 
:Chroawcsnphic: 111cthods are uucmely semitive to the 
materials. used. Mention of tn.de rwnc:s by "SWiciard 
Methods does noc preclude the use of other existinc or 
u-ya-undeveloped productS that give d~::-:ottStl'fZbly equal 
results. 

essary as outlined below. If more rigorous 
treatment is indicated, obtain reagent from 
an alternate source. 

a. Diethy/ ether, reagent grade. See 
S09A.3c. 

b. Toluen1. pesticide quality, distilled in 
glass, or equivalent. 

t:. Sodium sulfate. Na:SO .. anhydrous, 
granular. Store at 130"C. 

d. Sodium sulfate solution: Dissolve SO 
mg anhydrous Na.:SO. in distilled water 
and dilute to 1 L. 

1. Sodium sulfate. acidified: Add 0.1 mL 
cone H1SO. to 100 g Na1SO, slurried with 
enough ethyl ether to just cover the solid. 
Remove diethyl ether by vacuum drying. 
Mix 1 g of resulting solid with S mL dis­
tilled water and confinn that mixture pH 
is below 4. Store at 130"C. 

f. Sulfuric acid. H2SO., cone. 
g. Sulfuric acid, H1SO., 1 + 3. Store in 

refrigerator. 
h. Potassium hydroxide solution: Dis­

solve 37 g KOH pellets in distilled water 
and dilute to 100 mL. 

i. Boron trifluoride-methanoL 14% boron 
triduoride by weight. 

j. Magnesia-silica geL§ PR grade, 60 to 
100 mesh. Purchase activated at 676"C and 
store at 130"C. 

k. Glass wooL filtering grade, acid­
washed. 

L Herbicide standards. acids, and methyl 
esters. analytical reference grade or highest 
purity available. 

m. Stock herbicide solutions: Dissolve 
100 mg herbicide or methyl ester in 60 mL 
diethyl ether; dilute to 100 mL in a volu­
metric tlask with hexane; 1.00 mL = 1.00 
mg. 

n. Intermediate herbicide solution.· Dilute 
1.0 mL stock solution to 100 mL in a vol­
umetric tlask with a mixture of equal vol­
umes of diethyl ether and toluene; 1.00 mL 
= 10.0 J.Lg. 

a. Standard solution for chromatography: 

§F1orisil"' or cquivalenL 
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Prepare final concentration of methyl ester 
standards in toluene solution according to 
the detector sensitivity and linearity. 

4. F'rocedure 

a. Sample atraction: Accurately meas­
ure sample (SSO to 1000 mL) in a 1-L grad­
uated cylinder (or use a precalibratcd 
sample bottle to avoid transfer operations). 
Acidify to pH 2 with cone HozSO. and pour 
into a 2-L separatory funnel. Rinse sample 
bottle and cylinder with ISO mL ethyl 
ether, add ether to scparatory f'unncl. and 
shake vigorously f'or 1 min. Let phases sep­
arate f'or at least 10 min. Occasionally, 
emulsions prevent adequate separation. If 
emulsion f'onns, drain otr separated 
aqueous layer, invert separatory funnel. 
and shake rapidly. CAUTION: Vent funnel 
frequently to prevent acessive pressure 
buildup. Collect extract in a 2SO-mL 
ground-glass-stoppered erlenmeyer flask 
containing 2 mL KOH solution. Extract 
sample twice more. using SO mL diethyl 
ether each time. and combine extracts in 
erlenmeyer da.sk. 

b. Hydi'OIY$is: Add 15 mL distilled water 
and a small boiling stone and fit flask with 
a three-ball Snyder column. Remove ether 
on a steam bath and continue heating f'or 
a total of 60 min. Transfer concentrate to 
a 60-mL separatory funnel. Extract twice, 
with 20 mL diethyl ether each time. and 
discard ether layers. The herbicides remain 
in the aqueous phase. 

Acidify by adding 2 mL cold WC) 1 + 
3 HozSQ.. Extract once with 20 mL and 
twice with 10 mL diethyl ether each. Col­
lect extracts in a 125-mL erlenmeyer flask 
containing about O.S g acidified anhydrous 
NaozSO •• Let extract remain in contact with 
NaozSO. for at least 2 h. 

c:. Esterification: Fit a Kuderna-Danish 
apparatus with a S-mL volumetric receiver. 
Transfer diethyl ether extract to Kuderna­
Danish apparatus through a funnel plugged 
with glass wool. Use liberal washing of' 
ether. Crush any hardened Na.:SO. with a 
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glass rod. Bef'ore concentrating, add 0.5 
mL toluene. Reduce volume to less than 1 
mL on a sand or hot water bath heated to 
60 to 1(J'C. Attach a Snyder micro-column 
to Kuderna-Danish receiver and cone..-n­
trate to less than 0.5 mL 

Alternatively, if quantitative recovery is 
demonstrated. concentrate extract by plac­
ing concentrator ampule in a water bath at 
7CJ'C. Reduce volume to less than 1 mL 
using a gentle stream of' clean. dry nitrogen 
(filtered through activated carbon). CAU­
TION: Do not use new plastic tubing between 
the carbon trap and the sample as interjer­
ences may be imroduced. Rinse interr.al 
wall of ampule with hexane during con­
centration. never let extract go to dryness, 
and keep ampule solvent level below water 
level in the bath. Adjust final volume to · 
mL with hexane. 

Cool and add 0.5 mL boron triftuon, 
methanol reagent. Usc the small one-ball 
Snyder column as an air-cooled condenser 
and hold contents of receiver at SO"C for 
30 min in the sand bath. Cool and add 
enough NaozSO. solution (~ 3d above) so 
that the toluene-water interface is in the 
neck of the Kudema-Danish volumetric re­
ceiver flask (about 4.5 mL). Stopper flask 
with a ground-glass stopper and shake vig­
orously f'or about 1 min. Let stand for 3 
min f'or phase separation. 

Pipet solvent layer from recciver to top 
of a small column prepared by plugging a 
disposable Pasteur pipet with glass wool 
and packing with 2.0 em Na.:SO. over l.S 
em magnesia-silica gel adsorbent. Colle::: 
eluate in a 2.5-mL graduated centrifuge 
tube. Complete transfer by repeatedly r.ns­
ing volumetric receiver with small quan­
tities of toluene until a final eluate volume 
of' 2.0 mL is obtained. Check calibration 
of' centrifuge tubes to insure that gradua­
tions are correct. 

d. Gas chi'Omatography: Analyze a suit­
able portion. S to 10 J.LL. by gas chro.,.. .. -
tography, using at least two column 
identification and quantification. l 
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Prepare final concentration of methyl ester 
standards in toluene solution according to 
the detector sensitivity and linearity. 

4. Procedure 

a. Sample atrrzction: Accurately meas­
ure sample (SSO to 1000 mL) in a l·L grad· 
uated cylinder (or use a precalibrated 
sample bottle to avoid transfer operations). 
Acidify to pH 2 with cone H~O. and pour 
into a 2-L sepa.ratory funneL Rinse sample 
bottle and cylinder with 1SO mL ethyl 
ether. add ether to separatory funnel. and 
shake vigorously for 1 min. Let phases sep­
arate for at least 10 min. Occasionally, 
emulsions prevent adequate separation. If 
emulsion forms. drain off' separated 
aqueous layer. invert separatory funnel. 
and shake rapidly. CAt.mON: Vent funnel 
frequently to prevent acessive pressure 
buildup. Collect extract in a 2SQ.mL 
ground-glass-stoppered erlenmeyer flask. 
containing 2 mL KOH solution. Extract 
sample twice more. using SO mL diethyl 
ether each time. and combine extracts in 
erlenmeyer tla.sk.. 

b. Hydrolysis: Add 15 mL distilled water 
and a small boiling stone and lit dask with 
a three-ball Snyder column. Remove ether 
on a steam bath and continue heating for 
a total of 60 min. Transfer concentrate to 
a 60-mL separatory funneL Extract twice. 
with 20 mL diethyl ether each time. and 
discard ether layen. The herbicides remain 
in the aqueous phase. 

Acidify by adding 2 mL cold ( 4•q 1 + 
3 H~O •• Extract once with 20 mL and 
twice with 10 mL dicthyl ether each. Col· 
lect extracts in a 12S·mL erlenmeyer flask. 
containing about O.S g acidified anhydrous 
N~ .. ~t extract remain in contact with 
N~O. for at least 2 h. 

c. Esterification: Fit a Kudcrna·Danish 
apparatus with a S·mL volumetric receiver. 
Transfer diethyl ether extract to Kudcrna· 
Danish apparatus through a funnel plugged 
with glass wool. Use liberal washing of 
ether. Crush any hardened Na.:SO. with a 
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glass rod. Before concentrating, add O.S 
mL toluene. Reduce volume to less than 1 
mL on a sand or hot water bath heated to 
60 to 70'C. Attach a Snyder micro-column 
to Kudcrna-Danish receiver and concen· 
trate to less than 0.5 mL. 

Alternatively, if quantitative recovery is 
demonstrated. concentrate extract by plac· 
ing concentrator ampule in a water bath at 
70'C. Reduce volume to less than 1 mL 
using a gentle stream of clean. dry nitrogen 
{liltcred through activated carbon). CAu. 
noN: Do not use new plastic tubing between 
the carbon trap and the sample as interjer­
ences 17'!/lY be introduced. Rinse internal 
wall of ampule with hexane during con· 
centration. never let extract go to dryness, 
and keep ampule solvent level below water 
level in the bath. Adjust final volume to 1 
mL with hexane. 

Cool and add 0.5 mL boron trifluoride­
methanol reagent. Use the small one-ball 
Snyder column as an air-cooled condenser 
and hold contents of receiver at SO'C for 
30 min in the sand bath. Cool and add 
enough Na~O. solution (~ 3d above) so 
that the toluene-water interface is in the 
neck. of the Kuderna-Danish volumetric re­
ceiver dask. (about 4.S mL). Stopper fia.sk 
with a ground-glass stopper and shake vig­
orously for about 1 min. ~t stand for 3 
min for phase separation. 

Pipet solvent layer from receiver to top 
of a small column prepared by plugging a 
disposable Pasteur pipet with glass wool 
and packing with 2.0 em Na.:SO. over 1.5 
em magnesia-silica gel adsorbent. Collect 
eluate in a 2.5-mL graduated centrifuge 
tube. Complete transfer by repeatedly rins­
ing volumetric receiver with small quan­
tities of toluene until a final eluate volume 
of 2.0 mL is obtained. Check calibration 
of centrifuge tubes to insure that gradua­
tions arc correct. 

d. Gas chromatography: Analyze a suit· 
able portion. S to 10 J.&.L. by gas chroma­
tography, using at least two columns for 
identification and quantification. Inject 
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Ftpre 509:6. Ralalts of pa chrotaacocraplaic pro­
cedan for daloriaued pllaoxyiCid 
~Column: 1.j9r, OV-17 + 
1.,~ QF-1; carrier ps: argon 
<'")lmedwle ac 70 aU./min; col­
WilD cemperanue: 1 U'C; detector. 
clcctroa capture. 

standard herbicide methyl esters frequently 
to insure optimum operating conditions. 
Always inject the same volume. Adjust 
sample volume extract with toluene, if nec­
essary, so that the sizes of the peaks ob­
tained are close to those of the standards 
(see ~ Sa below). For sample chromato­
grams., see Figures 509:6 and 509:7. 

t. Dete1'71finarion of recovery efficiency: 

Q .... ... 
. • ;i 

r--\?----nr~ r 1----
I 

5.0 
I 

7.! 

Flpre 509:7. Chroma~ of herbicide mix· 
tve. 08-5 column. JO m long. 
electron capture detcr::or. 

Add known amounts or herbicides to I-L 
water sample. carry through the same ?rO­
cedure as the samples. and determine r:· 
covery efficiency. Periodically determine 
recovery efficiency and a control blank to 
test the procedure. Analyze one set o• 
plicates with each series of sampics 
quality-control check. 
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5. Calculation 

a. Dilution factor. If a portion of the 
extract solution was concentrated, the di­
lution factor, D. is less than 1; if it was 
diluted, the dilution factor exceeds 1. 

Compare peak height or area of a stand­
ard to peak height or area of sample to 
determine amount of herbicide injected (see 
Table '09:III). 

Calculate concentration of herbicide: 

giL AXBXCXD 
l.l. • ExFxG 

where: 
A • weight of herbicide standard injected, 

ng. 

B =- peak height or area of sample, mm or 
mm1, 

C • extract volume, ).l.L. 

D • dilution factor, 

E • peak height or area of standard, mm or 
mmz, 

F • volume injected, ).l.L. and 

G • volume of sample extracted, mL. 

Report results as the methyl ester in mi­
crograms per liter without correction for 
recovery efficiency. 

ORGANIC CONSTITUENTS (500) 

T ABL£ .509:III. R£TENTION TIMES FOR 

METHYL EsTERs OF SoM£ CHLORlNA TED 

PHENOXY ACID HEllBICID£5 RELA nv'E TO 

2.4-0 METHYL EsT'EJl 

Herbicide 

2.4-0 
Silvex 
2.4,5-T 
2.4-0 (min 

absolute) 

Relative Retention Tune ior 
Given Liquid P!ta.se• 

1.~9'0 OV-17 
+ 

1.9.59'0 QF-1 .59'0 OV-210 

1.00 1.00 
1.34 1.21 
1.72 1.51 

2.00 1.62 

• All columns glass. 180 an X 4 mm I D. solid support 
Oa Chrom Q (100/120 mesh); column tempcn1ure 
II SOC; arson/ methane c:urier !!ow. openu:d in pulse 
mode. 70 mL/min. 

6. Precision and Accuracy 

Single-laboratory precision and recovery 
data are presented in Tables 509:IV and 
509:V. These data were obtained by ana­
lyzing surface water samples from six 
sources with three added herbicides. 

TABL£ 509:!V. PllEClSION OF PHENOXY ACID H£JlBICIOES F'ROM DosED SUJtFAa WATER 

Single-
Concentration Recovery Operator 

JUnge Number Avenge Precision 
Material nr/L of Samples % s.% 

2.4-0 300-.51~ II 93 5.0 
Silvex 10-290 12 94 6.5 
2.4,5-T 90-290 12 100 !.0 
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TABLE 509:V. REcovu.y OP PHENOXY Aoo HU.BIODES FROM 0osEo SUIU"ACE WATEJt 

AmoUDt 

Added R.cr::overy 
Sample Herbic:idc , ~ 

2.4-D 308 ~ 

Silva 70 87 
2.4J-T 92 86 

l 2.4-D 308 82 
Silva 70 99 
2.4,'-T 92 110 

3 2.4-D 308 90 
Silva 70 81 
2.4,5-T 92 104 

4 2,4-0 470 91 
Silva 126 91 
2.4.'-T 140 86 

2.4-D -470 97 
Silva 126 86 
2,4,5-T 140 96 

6 2,4-0 515 99 
Silva 222 98 
2.4.5-T 221 104 
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chromatography. U.S. Geol. Surf. Water· 
Supply Paper 1817-C. 

510 PHENOLS• 

Phenols. defined as hydroxy derivatives 
of benzene and its condensed nuclei. may 
occur in domestic and industrial waste· 
waters. natural waters, and potable water 
supplies. Chlorination of such waters may 
produce odorous and objectionable-tasting 
chlorophenols. Phenol removal processes 
in water treatment include superchlorina­
tion. chlorine dioxide or chloramine treat· 
ment. ozonation. and activated carbon 
adsorption. 

Of the three analytical procedures of· 
fered here. two use the 4-aminoantipyrine 
colorimetric method that determines 
phenol. ortho- and meta-substituted phe­
nols, and, under proper pH conditions, 
those para-substituted phenols in which the 
substitution is a carboxyl. halogen, meth­
oxyL or sulfonic acid group. The 4-ami­
iloantipyrine method does not determine 
those para-substituted phenols where the 
substitution is an alkyL aryL nitro, benzoyl, 
nitroso, or aldehyde group. A typical ex­
ample of these latter groups is paracresol, 
which may be present in certain industrial 
wastewaters and in polluted surface waters. 
The third procedure is a direct aqueous gas· 
liquid chromatographic technique. 

1. Selection of Method 

The 4-aminoantipyrine method is given 
in two forms: Method B, for extreme sen­
sitivity, is adaptable for use in water sam­
ples containing less than 1 mg phenoVL 
It concentrates the color in a nonaqueous 
solution. Method C retains the color in the 
aqueous solution. Because the relative 
amounts of various phenolic compounds in 

• AP!lroved by Standard Methods Comminee, 198 t. 

a given sample are unpredictable, it is not 
possible to provide a universal standard 
containing a mixture of phenols. For this 
reason. phenol (CJI,OH) itself has been 
selected as a standard for colorimetric pro­
cedures and any color produced by the re­
action of other phenolic compounds is 
reported as phenol. Because substitution 
generally reduces response, this value rep­
resents the minimum concentration of phe­
nolic compounds. Method D, a gas-liquid 
chromatographic procedure, may be ap- · 
plied to samples or concentrates that con­
tain more than l mg phenolic compounds/ 
L 

2. Interferences 

a. Interferences such as phenol-decom­
posing bacteria, oxidizing and reducing 
substances, and alkaline pH values are 
dealt with by acidification with phosphoric 
acid (H3POJ. Some highly contaminated 
wastewaters. may require specialized tech· 
niquc:s for eliminating interferences and for 
quantitative recovery of phenolic com· 
pounds. 

b. Eliminate major interferences as fol· 
lows (see Section SlOA for reagents): 

1) Oxidizing agents, such as chlorine and 
those detected by the liberation of iodine 
on acidification in the presence of potas­
sium iodide (KI)-Remove immediately 
after sampling by adding excess ferrous sul· 
fate (FeSO,). If oxidizing agents are not 
removed, the phenolic compounds will be 
oxidized partially. 

2) Sulfur compounds-Remove by acid· 
ifying to pH 4.0 with H 3PO. and aerating 
briefiy by stirring. This eliminates the in· 
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3. Calculation of Lauric Acid Value and 
Adjustment of Column Weight 

Calc:ulate amount of lauric acid adsorbed 
on gel as follows: 

Lauric acid value - mg lauric acid!& zel - 200-
(mL required ror titration X mg lauric acid/mL 
O.OSN NaOH). 

To obtain an equivalent quantity of any 
batch of gel. divide 110 by lauric acid value 
for that batch and multiply by 20 g. Verify 

ORGANIC CONSTITUENTS (500) 

proper elution of pesticides by the proce­
dure given below. 

4. Test for Proper Elution Pattern and 
Recovery of Pesticides 

Prepare a test mixture containing aldrin. 
heptachlor cpoxide, p,p'-DDE, dieldrin. 
parathion. and malathion. Dieldrin and 
parathion should elute in the 15% eluate; 
all but a tr:u:c of malathion in the SO% 
eluate, and the others in the 6% eluate. 

509 B. Chlorinated Phenoxy Acid Herbicides 

Phenoxy acid herbicides are used exten­
sively for weed control. Esters and salts of 
2.4-D and silvex have been used as aquatic 
herbicides in lakes, streams. and irrigation 
canals. Phenoxy acid herbicides are very 
potent herbicides even at low concentra­
tions. 

1. General Discussion 

a. Principle: Chlorinated phenoxy acid 
herbicides such as 2.4-D [2.4-dichloro­
phenoxyacetic acid], silvex [2-(2.4,5-tri­
chlorophenoxy) propionic acid], 2.4,5-T 
[2.4,5-trichlorophenoxyacetic acid], and 
similar chemicals may be detennined by a 
gas chromatographic procedure. 

Because these compounds may occur in 
water in various forms (e.g.. acid. salt. es­
ter) a hydrolysis step is included to permit 
determination of the active part of the her· 
bicidc. 

Chlorinated phenoxy acids and their es­
ters are extracted from the acidiiied water 
sample with ethyl ether. The extracts are 
hydrolyzed and extraneous material is re­
moved by a solvent wash. The acids are 
converted to methyl esters and are further 
cleaned up on a microadsorption column. 
The methyl esters are determined by gas 
chromatography. 

b. Interference: See Section S09A.lb. Or­
ganic acids, especially chlorinated acids, 
cause the most direct interference. Phenols, 
including chlorophenols. also may inter­
fere. Alkaline hydrolysis and subsequent 
extraction eliminate many of th~ predom­
inant chlorinated insecticides. Because the 
herbicides react readily with alkaline sub­
stances, loss may occur if there is alkaline 
contact at any time except in the controlled 
alkaline hydrolysis step. Acid-rinse glass­
ware and glass wool and acidify sodium 
sulfate (Na.zSOJ to avoid this possibility. 

c. Detection limits: The practical lower 
limits for measurement of phenoxy acid 
herbicides depend primarily on sample size 
and instrumentation used. If the extract 
from a 1-L sample is concentrated to 2.00 
mL and S.O !J.L of concentrate is injected 
into the electron-capture gas chromato­
graph. reliable measurement of SO ng 2,4-
DIL. 10 ng silvex/l., and 10 ng 2,4,.5-T/ 
L is feasible. Concentrating extract to 0.50 
mL permits detection of approximately 10 
ng 2,4-D/L. 2 ng silvex/L, and 2 ng 2,4,5-
T /L. The sensitivity of the electron-capture 
detector often is a.Jfected adversely by ex­
traneous material in sample or re3gents. 
Concentrating the 'extract progressively 
amplifies this complication. Thus. the prac· 
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Prepare final concentration of methyl ester 
standards in toluene solution according to 
the detec:tor sensitivity and linearity. 

4. Procedure 

a. Sampl~ atraction: Accurately meas­
ure sample (SSO to 1000 mL) in a 1-L grad­
uated cylinder (or use a prec:alibrated 
sample bottle to avoid transfer operations). 
Acidify to pH 2 with cone H~O. and pour 
into a 2-L separatory funnel. Rinse sample 
bottle and cylinder with lSO mL ethyl 
ether, add ether to separatory funnel, and 
shake vigorously for 1 min. Let phases sep­
arate for at least 10 min. Occasionally, 
emulsions prevent adequate separation. If 
emulsion forms, drain otr separated 
aqueous layer, invert separatory funnel, 
and shake rapidly. CAUTION: Vent funnel 
frequ~ntly to prev~nt acessive pressure 
buildup. Collect extract in a 2SO-mL 
ground-glass-stoppered erlenmeyer flask 
containing 2 mL KOH solution. Extract 
sample twice more, using SO mL diethyl 
ether each time, and combine extracts in 
erlenmeyer ftask. 

b. Hydrolysis: Add lS mL distilled water 
and a small boiling stone and fit ftask with 
a three-ball Snyder column. Remove ether 
on a steam bath and continue heating for 
a total of 60 min. Transfer con~trate to 
a 60-mL separatory funnel. Extract twice, 
with 20 mL diethyl ether each time, and 
disc:atd ether layers. The herbicides remain 
in the aqueous phase. 

Acidify by adding 2 mL cold WC) 1 + 
3 H:SO .. Extract once with 20 mL and 
twice with 10 mL diethyl ether each. Col­
lect extracts in a 12S-mL erlenmeyer flask 
containing about O.S g aciditied anhydrous 
N~O •• ~t extract remain in contact with 
N~SO, for at least 2 h. 

c. Esterification.: Fit a Kuderna-Danish 
apparatus with a S-mL volumetric receiver. 
Transfer diethyl ether extract to Kuderna­
Danish apparatus through a funnel plugged 
with glass wooL Use liberal washing of 
ether. Crush any hardened Na.:SO, with a 
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glass rod. Before concentrating, add O.S 
mL toluene. Reduce volume to less than 1 
mL on a sand or hot water bath heated to 
60 to 7rJ'C. Attach a Snyder mic:I"CKOlumn 
to Kuderna-Danish receiver and concen­
trate to less than O.S mL. 

Alternatively, if quantitative recovery is 
demonstrated, concentrate extract by plac­
ing concentrator ampule in a water bath at 
7C1'C. Reduce volume to less than 1 m.L 
using a gentle stream of clean, dry nitrogen 
(filtered through activated carbon). CAt:­
noN: Do not us~ new plastic tubing between 
th~ carbon. trap and the sample as interfer­
ences may be introduced. Rinse internal 
wall of ampule with hexane during con­
centration. never let extract go to dryness, 
and keep ampule solvent level below water 
level in the bath. Adjust final volume to 1 
mL with hexane. 

Cool and add O.S mL boron trifiuoride­
methanol reagent. Use the small one-ball 
Snyder column as an air-¢00led condense:­
and hold contents of receiver at SO"C for 
30 min in the sand bath. Cool and add 
enough N~O. solution (~ 3d above) so 
that the toluene-water interface is in the 
neck of the Kudema-Danish volumetric re­
ceiver ftask (about 4.S mL). Stopper fiask 
with a ground-glass stopper and shake vig­
orously for about 1 min. Let stand for 3 
min for phase separation. 

Pipet solvent layer from receiver to top 
of a small column prepared by plugging a 
disposable Pasteur pipet with glass wool 
and packing with 2.0 em Na.:$0, over l.S 
em magnesia-silica gel adsorbent. Collect 
eluate in a 2.S-mL graduated centrifuge 
tube. Complete transfer by repeatedly rins­
ing volumetric receiver with small quan­
tities of toluene until a final eluate volume 
of 2.0 mL is obtained. Check. C3libration 
of centrifuge tubes to insure that gradua­
tions are correct. 

d. Gas chromatography: Analyze a suit­
able portion. S to 10 J.LL. by ga.s chroma­
tography, using at least two columns ror 
identification and quantification. Inject 
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Ptpn .509:6. Resalts of PI darotaacocnplaic ~ 
cedare for daJorfaued pllaoxy acid 
~ Columa: 1-'9'0 OV-17 + 
1.9,9'0 QF-1: carrier ps: argon 
(39'0)/medwle ac 70 aU./min; col· 
IIIIUI tcmpena&n:: 18SC; detectOr: 
elecuoa ~:apcure. 

standard herbicide methyl este%'3 frequently 
to insure optimum operating conditions. 
Always inject the same volume. Adjust 
sample volume exuac:t with toluene. if nec· 
essary, so that the sizes of the peaks ob­
tained are close to those of the standards 
(see f 5a below). For sample chromato­
grams, see Figures 509:6 and 509:7. 

e. Determination of recovery efficiency: 

i 
5 
• 
I 
a: 

Q .... 
N 

I 
7.5 

Flpre 509:7. Oaromatognm o( berbidde mix· 
tun. oa.s column. 30 m long. 
electron c::apture deter::or. 

Add known amounts of herbicides to 1· L 
water sample, carry through the same ~ro­
cedure as the samples, and deter:nine r:· 
covery efficiency. Periodically deter:nine 
recovery efficiency and a control blank co 
test the procedure. Analyze one set o·· 

plicates with each series of samples 
quality-control check. 
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Ftpn !09:G. ReR!ts o( pa daromatOif'll!lilic proo 
cedan lor clllorinateti pileftoxy acid 
IMriliddes.Columa: I • .S'o/OOV-17 + 
1.9j% QF-1; c:urier ps: ugon 
('%)/mctiwle u 70 rnL/min; coi­
WDD temperuure: 18SC; detector: 
elecuoa o;apture., 

standard herbicide methyl esters frequently 
to insure optimum operating conditions. 
Always inject the same volume. Adjust 
sample volume extract with toluene. if nee· 
essary, so that the sizes of the peaks ob­
tained are close to those of the standards 
(sec ff 5a below). For sample chromato­
grams. sec Figures 509:6 and 509:7. 

t.. Determination of recovery efficiency: 

I 
I a:: 

q .. .. 

! )-- 't- \.,.....__ 
, 1 r 

I 
5.0 

I 
7.5 

Flpre S09:7. Olromat~ o( aerbicide mix· 
ture.. CB-S column. JO m long, 
electrOn cap cure detector. 

Add known amounts of herbicides to 1-L 
water sample, carry through the same pro­
cedure as the samples. and determine re­
covery efficiency. Periodically determine 
recovery efficiency and a control blank to 
test the procedure. Analyze one set of du­
plicates with each series of samples ~ :1 

quality-control check. 
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5. Calculation 

a. Dilution factor. If a portion of the 
extract solution was concentrated. the di­
lution factor, D. is less than 1; if it was 
diluted. the dilution factor exceeds 1. 

Compare peak height or area of a stand­
ard to peak height or area of sample to 
determine amount of herbicide injected (see 
Table S09:III). 

Calculate concentration of herbicide: 

giL AXBxCxD 
J.l. - ExFxG 

where: 
A • weight of herbicide standard injcacd, 

Dlo 
8 ,. peak height or area of sample, mm or 

mm:, 

C- extract volume, ).1.!.. 
D ,. dilution fac:tor, 

E - peak height or area of standard. mm or 
mml, 

F - volume injected. ).1.!.. and 

G - volume of sample extracted, mL. 

Report results as the methyl ester in mi­
crograms per liter without correction for 
recovery efficiency. 

ORGANIC CONSTITUENTS (500) 

TABLE S09:!II. RET'ENTION TIMES FOR 

METHYL E.sTEJu OF SoME CHLORINATED 

PHENOXY ACID HEli.BICIDES REl.A nv'£ TO 

2. 4-0 METHYL EsTEll. 

Herbicide 

2.4-0 
Silvex 
2,4,5-T 
2.4-0 (min 

absolute) 

Relative Retention Tunc for 
Given Liquid Phase" 

1.5% OV-17 
+ 

1.9S% QF·I S% OV-210 

1.00 1.00 
1.34 1.22 
!.72 I.SI 

2.00 1.62 

• All columns gLass. 180 em X 4 mm !0, solid support 
0.. Chrom Q (100/120 mesh); column temperature 
lS,.C; arp/metlwle catTier ~ow. operated in pu~ 
mode. 70 mL./ min. 

6. Precision and Accuracy 

Single-laboratory precision and recovery 
data are presented in Tables 509:IV and 
S09:V. These data were obtained by ana­
lyzing surface water samples from six 
sources with three added herbicides. 

TABU S09:IV. PllECISION OF PHENOXY ACID HER.BICIOES FltOM Oos'£0 SUltFAC£ WATU. 

Single-
Concentration Recovery Operator 

Range Number Average Precision 
Material "f/L of Samples % S.% 

2,4-0 300-SIS II 93 s.o 
Silvex 70-290 12 94 6.5 
2.4,5-T 90-290 12 100 8.0 
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TABLE 5~V. RECOV'ER.Y Of' PHENOXY ACID HERBICIDES FllOM DosED SIJR.FACE WATEJt 

Sample 

3 

4 

6 

2.~0 
Silvex 
2.4.~T 

2.~0 

Silvex 
2.4.~T 

2.~0 

Silva 
2.4,5-T 

2.~0 

Silva 
2.4,5-T 

2.~0 

Silva 
2.4,5-T 

2.~0 

Silva 
2.4,5-T 

Amount 
Added 

/If 

308 
70 
9l 

308 
70 
9l 

308 
70 
92 

470 
t26 
140 

470 
126 
140 

515 
m 
221 

Recovery 
% 

~ 

87 
86 

82 
99 

110 

90 
81 

104 

91 
91 
86 

97 
86 
96 

99 
98 

104 
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&EPA 

United States 
Environmental Protection 
Agency 

Resel:?rch and Development 

Test Method 

Environmental Monitoring and 
Support Laboratory 
Cincinnati OH 45268 

Organochlorine Pesticides 
and PCBs- Method 608 

1 • Scope and Application 

1. 1 This method covers the 
determination of certain organochlorine 
pesticides and PCSs. The following 
parameters can be determined by this 
method: 

Parameter STORET No. CAS No. 

Aldrin 
a-BHC 
13-BHC 
6-BHC 
r-BHC 
Chlordane 
4.4'-000 
4,4'-0DE 
4,4'-0DT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
Toxaphene 
PCS-1016 
PCB-1 221 
PCB-1 232 
PCB-1242 
PCS-1248 
PCS-1 254 
PCS-1 260 

1.2 This is a gas chromatographic 
(GCl method applicable to the determi­
nation of the compounds listed above 
in municipal and industrial discharges 
as provided under 40 CFR 1 36.1. 
When this method is used to analyze 
unfamiliar samples for any or all of the 
compounds above, compound identifi­
cations should be supported by at least 

608-1 July 1982 

39330 
39337 
39338 
34259 
39340 
39350 
39310 
39320 
39300 
39380 
34361 
'34356 
34351 
39390 
34366 
39410 
39420 
39400 
34671 
39488 
39492 
39496 
39500 
39504 
39508 

309-00-2 
319-84-6 
319-85-7 
319-86-8 

58-89-9 
57-74-9 
72-54-8 
72-55-9 
50-29-3 
60-57-1 

959-98-8 
33212-65-9 

1031-07-8 
72-20-8 

7421 ·93-4 
76-44-8 

1024-57-3 
8001-35-2 

12674-11·2 
11 1 04-28-2 
1 1 1 41 -1 6-5 
53469-21 ·9 
12672-29-6 
1 1097-69-1 
11096-82-5 

one additional qualitative technique. 
This method describes analytical 
conditions for a second gas 
chromatographic column that can be 
used to confirm measurements made 
with the primary column. Method 6 2 5 
provides gas chromatograph/mass 
spectrometer (GC/MSl conditions 
appropriate for the qualitative and 



silicone rubber tubing may be used. 
Before use, however, the compressible 
tubing should be thoroughly rinsed 
with methanol. followed by repeated 
rinsings with distilled water to minimize 
the potential for contamination of the 
sample. An integrating flow meter is 
required to collect flow proportional 
composites. 

5.2 Glassware (All specifications are 
suggested. Catalog numbers are 
included for illustration only). 

5.2.1 Separatory funnel-2000-ml, 
with Teflon stopcock. 

5.2.2 Drying column-Chroma­
tographic column approximately 400 
mm long x 19 mm 10, with coarse frit. 

5.2.3 Chromatographic column­
Pyrex, 400 mm long x 22 mm 10, 
with coarse fritted plate and Teflon 
stopcock (Kontes K-42054 or 
equivalent). 

5.2.4 Concentrator tube, Kuderna­
Danish- i 0-mL. graduated (Kontes K-
570050-1025 or equivalent). Calibra­
tion must be checked at the volumes 
employed in the test. Ground glass 
stopper is used to prevent evaporation 
of extracts. 

5.2.5 Evaporative flask, Kuderna­
Danish-500-ml (Kontes K-570001-
0500 or equivalent). Attach to 
concentrator tube with springs. 

5.2.6 Snyder column, Kuderna· 
Danish-three-ball macro (Kontes 
K-503000-0 1 21 or equivalent). 

5.2. 7 Vials-Amber glass, 1 0· to 
1 5-ml capacity, with T eflon·lined 
screw cap. 

5.3 Boiling chips-approximately 
10/40 mesh. Heat to 400 °C for 30 
minutes or Soxhlet extract with 
methylene chloride. 

5.4 Water bath-Heated, with 
concentric ring cover, capable of 
temperature control ( ::1: 2 °C). The bath 
should be used in a hood. 

5.5 Balance-Analytical, capable of 
accurately weighing 0.0001 g. 

5.6 Gas chromatograph-An 
analytical system complete with gas 
chromatograph suitable for on-column 
injection and all required accessories 
including syringes, analytical columns, 
gases, detector, and strip-chart 
recorder. A data svstem is 
recommended for measuring peak 
areas. 

5.6.1 Column 1-1.8 m long x 4 
mm 10 glass, packed with 1 . 5% 

SP-2250/1 .95% SP-2401 on 
Supelcoport ( 1 0011 20 mesh) or 
equivalent. Column 1 was used to 
develop the method performance 
statements in Section 1 4. Guidelines 
for the use of alternate column 
packings are provided in Section 1 2.1. 

5.6.2 Column 2-1.8 m long x 4 
mm ID glass, packed with 3% OV-1 on 
Supelcoport ( 1 00/1 20 mesh) or 
equivalent. 

5. 6.3 Detector- Electron capture. 
This detector has proven effective in 
the analysis of wastewaters for the 
parameters listed in the scope, and 
was used to develop the method 
performance statements in Section 1 4. 
Guidelines for the use of alternate 
detectors are provided in Section 1 2.1. 

6. Reagents 

6. 1 Reagent water- Reagent water is 
defined as a water 1n which an inter­
ferant is not observed at' the MOL of 
each parameter of interest. 

6. 2 Sodium hydroxide solution ( 1 0 
Nl-IACSl. Dissolve 40g NaOH in 
reagent water and dilute to 1 00 mL. 

6.3 Sodium thiosulfate- (ACSl. 
Granular. 

6.4 Sulfuric acid solution ( 1 + 1)­
IACSl. Slowly, add 50 ml H2S0 4 (sp. 
gr. 1 .84) to 50 ml of reagent water. 

6.5 Acetone, hexane, isooctane 
(2.2.4-trimethylpentanel, methylene 
chloride- Pesticide quality or 
equivalent. 

6.6 Ethyl ether-Pesticide quality or 
equivalent, redistilled in glass if 
necessary. 

6. 6. 1 Must be free of peroxides as 
indicated by EM Laboratories Quant 
test strips (Available from Scientific 
Products Co., Cat. No. P1 1 26·8, and 
others suppliers.) 

6. 6.2 Procedures recommended for 
removal of peroxides are provided with 
the test strips. After cleanup, 20 ml 
ethyl alcohol preservative must be 
added to each liter of ether. 

6. 7 Sodium sulfate- (ACSl Granular, 
anhydrous. Purify by heatir.g at 400 °C 
for 4 hours in a shallow tray. 

6.8 Florisii-PA grade (60/1 00 
mesh); purcl'lase activated at 1 250 °F 
and store in dark in glass containers 
with glass stoppers or foil-lined screw 
caps. Before use, activate each batch 
at least 1 6 hours at 1 30 °C in a foil 
covered glass container. 

6.9 Mercury- Triple distilled. 

I. 1-- """f"JJ ... 

6.10 Copper powder-Activated. 

6.11 Stock standard solutions ( 1 .00 
}o'gl lolll- Stock standard solutions can 
be prepared from pure standard 
materials or purchased as certified 
solutions. 

6. 11. 1 Prepare stock standard 
solutions by accurately weighing about 
0.0100 grams of pure material. 
Dissolve the material in isooctane, 
dilute to volume in a 1 0-ml volumetric 
flask. Larger volumes can be used at 
the convenience of the analyst. If 
compound purity is certified at 96% or 
greater, the weight can be used 
without correction to calculate the 
concentration of the stock standard. 
Commercially prepared stock standards 
can be used at any concentration if 
they are certified by the manufacturer 
or by an independent source. 

6. 11.2 Transfer the stock standard 
solutions into Teflon-sealed screw-cap 
bottles. Store at 4 °C and protect from 
light. Stock standard solutions should 
be checked frequently for signs of 
degradation or evaporation, especially 
just prior to preparing calibration 
standards from them. Quality control 
check standards that can be used to 
determine the accuracy of calibration 
standards will be available from the 
U.S. Environmental Protection Agency, 
Environmental Monitoring and Support 
Laboratory, Cincinnati, Ohio 45268. 

6. 11.3 Stock standard solutions 
must be replaced after six months, or 
sooner if comparison with check 
standards indicate a problem. 

7. Calibration 

7.1 Establish gas chromatographic 
operating parameters which produce 
retention times equivalent to those 
indicated in Table 1. The g3s 
chromatographic system may be 
calibrated using the external standard 
technique (Section 7. 2) or the internal 
standard technique (Section 7.3). 

7.2 External standard calibration 
procedure: 

7.2. 1 Prepare calibration standards 
at a minimum of three concentration 
levels fl')r each parameter of interest by 
adding volumes of one or more stock 
standards to a volumetric flask and 
diluting to volume with iscoctane. One 
of the external standards should be at a 
concentration near, but above, the 
MOL and the other concentrations 
should correspond to the expected 
range of concentrations found in real 
samples or sho~ld define the working 
range of the detector. 



the performance of the laboratory for 
each spike concentration and 
parameter being measured. 

8.3.1 Calculate upper and lower 
control limits for method performance: 

Upper Control Limit (UCLl • R + 3s 
Lower Control Limit (LCW = R - 3s 

where R and s are calculated as in 
Section 8.2.3. The UCL and LCL can 
be used to construct control charts! 1 Ol 
that are useful in observing trends in 
performance. The control limits above 
be replaced by method performance 
criteria as they become available from 
the U.S. Environmental Protection 
Agency. 

8.3.2 The laboratory must develop 
and maintain separate accuracy 
statements of laboratory performance 
for wastewater samples. An accuracy 
statement for the method is defined as 
R ± s. The accuracy statement should 
be developed by the analysis of four 
aliquots of wastewater as described in 
Section 8.2.2. followed by the calcula­
tion of R and s. Alternately, the analyst 
m·ay use four wastewater data points 
gathered through the requirement for 
continuing quality control in Section 
8.4. The accuracy statements should 
be updated regularly! 1 Ol. 

8.4. The laboratory is required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries. 
The frequency of spiked sample analysis 
must be at least 1 0% of all samples or 
one sample per month, whichever is 
greater. One aliquot of the sample must 
be spiked and analyzed as described in 
Section 8.2. If the recovery for a 
particular parameter does not fall 
within the control limits for method 
performance, the results reported for 
that parameter in all samples processed 
as part of the same set must be quali­
fied as described in Section 13.5. The 
laboratory should monitor the frequency 
of data so qualified to ensure that it 
remains at or below 5%. 

8.5 Before processing any samples, 
the analyst should demonstrate through 
the analysis of a one-liter aliquot of 
reagent water, that all glassware and 
reagent interferences are under control. 
Each time a set of samples is extracted 
or there is a change in reagents, a 
laboratory reagent blank should be 
processed as a safeguard against 
laboratory contamination. 

I. 6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method. The specific practices that are 
most productive depend upon the 

needs of the laboratory and the nature 
of the samples. Field duplicates may be 
analyzed to monitor the precision of 
the sampling technique. When doubt 
exists over the identification of a peak 
on the chromatogram, confirmatory 
techniques such as gas chromatography 
with a dissimilar column, specific 
element detector, or mass spectrometer 
must be used. Whenever possible, the 
laboratory should perform analysis of 
standard reference materials and parti­
cipate in relevant performance 
evaluation studies. 

9. Sample Collection, 
Preservation, and Handling 
9. 1 Grab samples must be collected 
in glass containers. Conventional 
sampling practices! 111 should be 
followed, except that the bottle must 
not be prewashed with sample before 
collection. Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the program. Automatic 
sampling equipment must be as free as 
possible of Tygon tubing and other 
potential sources of contamination. 

9.2 The samples must be iced or 
refrigerated at 4 °C from the time of 
collection until extraction. If the 
samples will not be extracted within 
72 hours of collection, the sample 
should be adjusted to a pH range of 
5.0 to 9.0 with sodium hydroxide or 
sulfuric acid. Record the volume of acid 
or base used. If aldrin is to be 
determlned, add sodium thiosulfate 
when residual chlorine is present. U.S. 
Environmental Protection Agency 
methods 330.4 and 330.5 may be 
used to measure chlorine residuall12l. 
Field test kits are available for this 
purpose. 

9.3 All samples must be extracted 
within 7 days and completely analyzed 
within 40 days of extraction12l. 

10. Sample E;ctraction 

1 0. 1 Mark the water meniscus on the 
side of the sample bottle for later deter­
mination of sample volume. Pour the 
entire sample into a two-liter separatory 
funnel. 

1 0.2 Add 60 mL methylene chloride 
to the sample bottle, seal, and shake 
30 seconds to rinse the inner surface. 
Transfer the solvent to the separatory 
funnel and extract the sample by 
shaking the funnel for two minutes 
with periodic venting to release excess 
pressure. Allow the organic layer to 
separate from the water phase for a 
minimum of 1 0 minutes. If the emulsion 
interface between layers is more than 
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one-third the volume of the solvent 
layer, the analyst must employ me­
chanical techniques to complete the 
phase separation. The optimum tech· 
nique depends upon the sample, but 
may include stirring, filtration of the . 
emulsion through glass wool, centrifu­
gation, or other physical methods. 
Collect the methylene chloride extract 
in a 2 50-mL Erlenmeyer flask. 

10.3 Add a second 60-mL volume of 
methylene chloride to the sample bottle 
and repeat the extraction procedure a 
second time, combining the extracts in 
the Erlenmeyer flask. Perform a third 
extraction in the same manner. 

10.4 Assemble a Kudema-Danish 
(K-Dl concentrator by attaching a 
1 0-ml concentrator tube to a 500-ml 
evaporative flask. Other concentration 
devices or techniques may be use~ in 
place of the Kuderna Danish if the 
requirements of Section 8.2 are met. 

1 0. 5 Pour the combined extract 
through a drying column containing 
about 1 0 em of anhydrous sodium 
sulfate. and collect the extract in the 
K-D concentrator. Rinse the Erlenmeyer 
flask and column with 20 to 30 mL of 
methylene chloride to complete the 
quantitative transfer. 

10.6 Add one or two clean boiling 
chips to the evaporative flask and 
attach a three-ball Snyder column. 
Prewet the Snyder column by adding 
about 1 ml methylene chloride to the 
top. Place the K·D apparatus on a hot 
water bath (60 to 65 °Cl so that the 
concentrator tube is partially immersed 
in the hot water and the entire lower 
rounded surface of the flask is bathed 
with hot vapor. Adjust the vertical 
position of the apparatus and the water 
temperature as required to complete 
the concentration in 1 5 to 20 minutes. 
At the proper rate of distillation the 
baUs of the column will actively chatter 
but the chambers will not flood with 
condensed solvent. When the apparent 
volume of liquid reaches 1 ml, remove 
the K-D apparatus and allow it to drain 
and cool for at least 10 minutes. 

10.7 Increase the temperature of the 
hot water bath to about 80 °C. 
Momentarily remove the Snyder 
column, add 50 mL of hexane and a 
new boiling chip and reattach the 
Snyder column. Prewet the column by 
adding about 1 ml of hexane to the 
top. Concentrate the solvent extract as 
before. The elapsed time of concentra­
tion should be 5 to 1 0 minutes. When 
the apparent volume of liquid reaches 1 
ml, remove the K-D apparatus and 
allow it to drain and cool at least 1 0 
minutes. 



13.2 When it is apparent that two or 
more PCB (Aroclorl mixtures are 
present, the Webb and McCall 
procedure! 181 may be used to identify 
and quantify the Aroclors. 

13,3 For multicomponent mixtures 
(chlordane, toxaphene and PCBsl 
match retention times of peaks in the 
standards with peaks in the sample. 
Quantitate every identifiable peak 
unless interference with individual 
peaks persist after cleanup. Add peak 
height or peak area of each identified 
peak in the chromatogram. Calculate 
as total response in the sample versus 
total response in the standard. 

13.4 Report results in micrograms 
per liter without correction for recovery 
data. When duplicate and spiked 
samples are analyzed, report all data 
obtained with the sample results. 

13.5 For samples processed as part 
of a set where the laboratory spiked 
sample recovery falls outside of the 
control limits in Section 8.3. data for 
the affected parameters must be 
labeled as suspect. 

14. Method Performance 

14. 1 The method detection limit 
(MOLl is defined as the minimum 
concentration of a substance that can 
be measured and reported with 99% 
confidence that the value is above 
zero!ll. The MDL concentrations listed 
in Table 1 were obtained using reagent 
waterO 71. Similar results were achieved 
using representative wastewaters. 

14.2 This method has been tested 
for linearity of spike recovery from 
reagent water and has been demon­
strated to be applicable over the 
concentration range from 4 x MDL up 
to 1 000 x MOL with the following 
exceptions: Chlordane recovery at 4 x 
MDL was low (60%); Toxaphene 
recovery was demonstrated linear over 
the range of 1 0 x MDL to 1 000 x 
MOLI17l. 

14.3 In a single laboratory (South­
west Research Institute), using spiked 
wastewater samples. the average 
recoveries presented in Table 3 were 
obtained!41. Each spiked sample was 
analyzed in triplicate on two separate 
days. The standard deviation of the 
percent recovery is also included in 
Table 3. 

14.4 The U.S. Environmental Protec: 
tion Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method. 
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Column: 1.5% SP-2250+ 
1.95% SP-240 1 on 
Supelcoport 

Temperature: 200°C. 
Detector. Electron capture 

2 6 TO 14 18 22 
Retention time, minutes 

··,ure 3. Gss chromatogrtlm of toxaphene. 

Column: 1.5% SP-2250+ 1.95% SP-24CJ1 on 
Supelcoport 

Tempertlture: 160°C. 
Detector: Electron capture 

2 6 10 14 18 

Retention time. minutes 

Figure 4. Gas chromstogrtlm of PCS-1016. 
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Column: 1.5% SP-2250+ 1.95% SP-24CJ 1 on 
S upelcoport 

Temperature: 160°C. 
Detector: Electron capture 
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Figure 5. Gas chromatogram of PCB-1221. 

Column: 1.5% SP-2250+ 1.95% SP-24CJ1 on 
Supelcoport 

Temperature: 160°C. 
Detector. Electron capture 
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Figure 8. Gas chromstogrtlm of PCS-1232. 

July 1982 

22 

22 

24 



Column: 1.5% SP-2250+ 1.95% SP-2401 on 
Supelcoport 

Temperature: 160°C. 
Detector: Electron capture 

2 6 10 14 18 

Retention time, minutes 

Figure 7. Ges chromatogram of PCS-1242. 

Column: 1.5% SP-2250+ 1.95% SP-2401 on 
Supelcoport 

Temperature: 160°C. 
Detector: Electron capture 

J 
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Retention time, minutes 

Figure 8. Gas chrometcgram of PCS-1248. 
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Column: 1.5% SP-2250+ 1.95% SP-2401 on 
Supelcoport 

Temperature: 200°C. 
Detector: Electron capture 
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Retention time. minutes 

Figure 9. Gas chromatogram of PCB -1254. 

Column: 1.5% SP-2250+ 1.95% SP-2401 on 
Supelcoport 

Temperature: 200°C. 
Detector: Electron capture 

2 6 10 18 22 
Retention time. minutes 

Figure 1 0. Ges chromatogram of PCS-1260. 
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APPENDIX D. EPA Test Method 608-0rganochlorine Pesticides 
and PCB's 
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Method 606-()rganochlorine Pesticidea and 
OOB*'-

1. Scoptl and Application 
1.1, This method covers the determination 

of certain organochlorine pesticides and 
PCBs. The following parameters can be 
determined by this method: 

,. __ 
STOAET No. CAS No. - 31330 3<»-00-2 

.,.aMC 3S337 31~ 

/J- 3SI33I "31~7 

&-iiHC :u2S8 31 ......... 
,._aMC' ~ ~ 

~ 383SO 57-7 ... 
~ ... ·-ceo 38310 72~ 

~ . ..--oce 31320 72-56-9 
•.• ·.ocr 31300 ~ 
Oieidm 38310 eo-57-1 
~ ... 3o4381 ~ 
~II 34351 33212-64 
e.-.e ....... 343$1 1031.07 .. 
Endnn 383110 72~ 

Endnn~ 3oQee 7Q1-e:J-4 .__.., :19410 ,............ ----- 3lo&20 1024-67-3 
T- 31400 1001~2 

PC&-1018 34871 12117~11-2 

PC&-1221, ~ 11CM-2&-2 
PCS-,1232- :JS.tll2 111A1·1~ 

"C8-12~. 3t4118 ~1-8 
"C8-1248 38500 12872·21-8 
PC&-125-1 3SIS04 11097-1 
PCS-1280. 39501 11098-82-5 

1.2 This is a gas chromatographic (CC) 
method applicable to the determination of the 
compounds listed above in municipal and 
industrial discharges as provided under 40 
CFR 136.1. When this method is used to 
analyze unfamiliar samples for any or all of 
the compounds above. compound 
identifications should be supported by at 
least one additional qualitative technique. 
This method describes analytical conditions 
for a second gas chromatographic column 
that can be used to confirm measurements 
made with the primary column. Method 625 
provides gas chromatograph/mass 
spectrometer (GC/MS) conditions 
appropriate Cor the qualitative and 
quantitative confmnation of results for all of 
the parameters listed above, using the extract 
produced by this method. 

1;3 The method detection limit (MDL. 
defined in Section 14.1)' for each parameter 
is lis.ted in Table 1. The MDL for a specific 
wastewater may differ from those listed. 
depending upon the nature o{ interferences in 
the sample matrix. 

1:4. The sample extraction and 
concentration steps in this method are 
essentially the same as in Methods 606. 609. 
611; and 612. Thus. a single sample may be 
extracted to measure the parameters 
included in the scope of each of these 
methods. When deanup is required. the 
concentration levels must be high enough to 
permit selecting aliquots. as necessary. to 
apply appropriate deanup procedures. The 
analyst is allowed the· latitude. under Section 
12.. to select chromatographic conditions 
appropriate for the simultaneous 
measurement of combinations of these 
parameters. 

l:S Any modification of this method, 
beyond those expressly permitted. shall be 
considered as a major modification subject to 
application and approval of alternate test 
procedures under 40 CFR 136.4 and 136.5. 

1.8 This method is restricted to use by or 
under the supervision of analysts 
experienced in the use of a gas 
chromatograph and in the interpretation of 
gas chromatograms. Each analyst must 
demonstrate the ability to generate 
ac:eeptable results with this method using the 
procedure described in Section 8..2. 

2. Summary of Method 
2.1 A measured volume of sample. 

approximately 1-L. is extracted with 
methylene chloride using a separatory funnel. 
The methylene chloride extract i1 dried and 
exchansed to hexane durins concentration to 
a volume of 10 m1. or leu. The extract is 
eeparated by gas chromatography and the 
parameten are then measured with an 
electron capture detector. 2 

Z.: The method provides a Florisil column 
deanup procedure and an elemental sulfur 
removal procedure to aid in the elimination of 
interferences that may be encountered. 

3. ln~rfert~nca 

3.1 Method interferences may be caused 
by contaminants in solvents. reagents, 
gla11ware. and other sample proce11ing 
hardware that lead to discrete artifacts and/ 
or elevated baselines in gas chromatograms. 
All of these materials must be routinely 
demonstrated to be free from interferences 
under the conditions of the analysi1 by 
running laboratory reagent blankl as 
described in Section &.1.3. 

3.1.1 Glassware must be scrupulously 
deaned. s Clean all glassware as soon as 
possible after use by rinsing with the last 
solvent used in it. Solvent riming should be 
followed by detergent washing with hot 
water. and rinses with tap water and distilled 
water. The glassware should then be drained 
dry. and heated in a muffle furnace at 400 ·c 
for 15 to 30 min. Some thermally stable 
materials. such as PCBa. may not be 
eliminated by thi1 treatment. Solvent rinses 
with acetone and pesticide quality hexane 
may be substituted for the muffie furnace 
heating. Thorough rinsing with such solvents 
usually eliminates PCB interference. 
Volumetric ware should not be heated in a 
muffle furnace. Alter drying and cooling. 
glassware ahould be sealed and stored in a 
dean environment to prevent any 
accumulation of dust or other contaminants. 
Store inverted or capped with aluminum foiL 

3.1.% The use of high purity reasents and 
solvents helps to minimize interference 
problems. Purification of solvents by 
di1tillation in all-gla11 systema may be 
required. 

3.% Interferences by phthalate esters can 
po1e a major problem in pesticide analysis 
when using the electron capture detector. 
These compounds generally appear in the 
chromatogram as large late eluting peaks. 
especially in the 15 and ~ fractions from 
Florisil Common flexible plastics contain 
varyins amounts of phthalates. These 
phthalates are easily extracted or leached 
from such materials during laboratory 
operations. era .. contamination of dean 
glassware routinely occurs when plastics are 
handled during extraction steps. especially 
when solvent-wetted surfaces are handled. 
Interferences from phthalate• can best be 

minimized by avoiding the use of plastics in 
the laboratory. Exhaustive deanup of 
reagents and glassware may be required to 
eliminate background phthalate 
contamination. •·' The interferences from 
phthalate esters can be avoided by using a 
microcoulometric or electrolytic conductivity 
detector. 

3.3 Matrix interferences may be caused 
by contaminants that are co-extracted from 
the sample. The extent of matrix 
interferences will vary considerably from 
source to source. depending upon the nature 
and diversity of the industrial complex or 
municipality being sampled. The deanup 
procedures in Section 11 can be used to 
overcome many of these interferences. but 
unique Mmples may require additional 
deanup approaches to achieve the MDL 
listed in Table 1. 

4. Safety 
4.1 The toxicity or carcinogenicity of each 

reagent used in this method bas not been 
precisely defined: however, each chemical 
compound should be treated as a potential 
health hazard. From this viewpoint. exposure 
to these chemicals must be reduced to the 
lowest possible level by whatever means 
available. The laboratory is responsible for 
maintaining a current awareness file of 
OSHA regulations regarding the safe 
handling of the chemicals specified in this 
method. A reference file of material data 
handling sheets should also be made 
available to all personnel involved in the 
chemical analysis. Additional references to 
laboratory safety are available and have 
been identified •• for the information of the 
analyst. 

4.2 The following parameters covered by 
this method have been tentatively classified 
as known or suspected. human or mammalian 
carcinosens: U' ·DOT. 4,4' ·DOD. the BHCa. 
and the PCBs. Primary standards of these 
toxic compounds should be prepared in a 
hood. A NIOSH/MESA approved toxic gas 
respirator should be wom when the analyst 
handles hish concentrations of these toxic 
compounds. 

5. Apparaws and Mat•rials 
5.1 Sampling equipment. for discrete or 

composite sampling. 
5.1.1 Grab sample bottl-1-L or 1-qt. 

amber glass, fitted with a screw cap lined 
with Teflon. Foil may be substituted for 
Teflon ii the sample is not corrosive. If amber 
bottles are not available. protect samples 
from light. The bottle and cap liner must be 
washed. rinsed with acetone or methylene 
chloride, and dried before use to minimize 
contamination. 

5.1.2 Automatic sampler (optional)-The 
sampler must incorporate glass sample 
containers for the collection of a minimum of 
ZSO ml. of sample. Sample containers must be 
kept refrigerated at 4•c and protected from 
light during composting. If the sampler uses a 
peristaltic pump. a minimum length of 
compressible silicone rubber tubing may be 
used. Before use. however, the compressible 
tubing should be thoroughly rinsed with 
methanol. followed by repeated rinsings with 
distilled water to minimize the potential for 
contamination of the sample. An integrating 
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now meter is required to collect now 
proportional composites. 

5.2. Glassware (All specifications are 
suggested. Catalog numbers are included for 
illustration only.): . 

5.2.1 Separatory funnel-2-L. with Teflon 
stopcoclt. . 

5.2.2 Drying column-Chromatographic 
column. approximately 400 mm long X 19 mm 
ID. with coarse frit niter disc. 

5..2.3 Chromatographic column-400 mm 
long x 22 mm ID. with Teflon stopcock and 
coarse frit filter disc (Kontes K-42054 or 
equivalent). 

5.2.4 Concentrator tube. Kudema· 
Danish-1G-tn1.. graduated (Kontes K-
57005G-1025 or equivalent). Calibration must 
be checlced at the volumes employed in the 
test. Ground glass stopper is used to prevent 
evaporation of extracts. 

5.Z.S Evaporative flask. Kuderna­
Danish-~L (Kontes K-570001-osoo or 
equivalent). Attach to concentrator tube with 
springs. 

5.Z.8 Snyder column. Kudema/Danish­
Three-ball macro (Kontes K-503000-0121 or 
equivalent). 

5.Z.7 Vials-10 to 15-mL.. amber glass. 
with Teflon-lined screw cap. 

5.3. Boiling chips-Approximately 10/40 
mesh. Heat to 400•c for 30 min or Soxhlet 
extract with methylene chloride. 

5.4 Water bath-Heated. with concentric 
ring cover. capable of temperature control 
[::2•CJ. The bath should be used in a hood. 

5.5. Balanc-Analytical. capable of 
accurately weighing 0.0001 g. 

5.6. Gas chromatograph-An analytical 
tem complete with gas chromatograph 

• 1table for on-column injection and all 
required accessories including syringes. . 
analytical columns. gases. detector. and strip· 
chart recorder. A data system is 
recommended for measuring peak areas. 

5.8.1 Column 1-1.8 m long X 4 mm 1D 
glass. paclced with 1.5~ SP-2250/1.95,. SP-
2401 on Supelcoport (100/1:0 mesh) or 
equivalent. This column wa1 used to develop 
the method performanca statements in 
Section 14. Guidelines for the use of alternate 
column packings are provided in Section 12.1. 

5.8.2 Column 2-1.8 m long X 4 mm lD 
glass. packed with 3,. OV-1 on Supelcoport 
(100/120 mesh) or equivalent. 

5.8.3 Detector-Electron capture detector. 
This detector has proven effective in the 
analysis of wastewaters for the parameters 
listed in the scope (Section 1.1). and was ule<i 
to develop the method performanca 
statements in Section 14. Guidelines for the 
use of alternate detectors are provided in 
Section 12.1. 

5. Reagents 

6.1 Reagent water-Reagent water is 
defined as a water in which an interferant is 
not observed at the MDL of the parameters of 
interest. 

6.2 Sodium hydroxide solution (10 NJ­
Dissolve 40 g of NaOH (ACSJ in reagent 
water and dilute to 100m!.. 

Sodium thiosuJfat~ACS) Granular. 
Sulfuric acid (1 + 1 ]-Slowly. add 50 

"H,SO. (ACS. sp. gr. 1.84) to so mL of 
reagent water. 

8.5 Acetone, hexane. isooctane. 
methylene chloride-Pesticide quality or 
equivalent. . . . 

6.6 Ethyl ether-Nanograde. redistilled 1n · 
glus if necessary. 

8.6.1 Ethyl ether must be shown to be free 
of peroxides before it is used a~ indicat~d by 
EM Laboratories Quant test strtps. (Available 
from Scientific Products Co~ Cat. No. Pl12&-
6. and other suppliers.) 

6.6.2 Procedures recommended for 
removal of peroxides are provided with the 
te1t atrips. Alter cleanup. ZO mL of ethyl 
alcohol preservative must be added to each 
liter of ether. 

6.7 Sodium sulfate-{ACS) Granular, 
anhydroUL Purify by heating at 400 ·c for 4 h 
in a ahallow tray. 

6.8 Ftorisil-PR grade (60/100 mesh). 
Purch .. e activated at 1.250 •F and store in the 
dark in glass containers with ground glass 
atoppers or foil-lined screw caps. Before use. 
activate each batch at lea1t 16 hat 130 ·c in a 
foil-covered glass container and allow to 
cool. 

6.9 Mercury-Triple distilled. 
6.10 Copper powder-Activated. 
8.11 Stock standard solution• (1.00 J.J.g/ 

,.U.}-Stoclc standard solutions can be 
prepared from pure standard materials or 
purchased as certified solutions. 

6.11.1 Prepare stoclc standard solution• by 
accurately weighing about 0.0100 g of pure 
materiaL Dissolve the material in isooctane 
and dilute to volume in a 10.mL volumetric 
flask. Larger volumes can be used at the 
convenienca of the analyst. When compound 
purity is allayed to be 96" or greater. the 
weight can be used without correction to 
calculate the concentration of the stoclc 
atandard. Commercially prepared stoclc· 
standards can be used at any concentration if 
they are certified by the manufacturer or by 
an independent source. 

8.11.2 Transfer the stock standard 
solutions into Teflon-sealed ~CreW-cap 
bottlu. Store at 4 •c and protect from light. 
Stoc.lc ttandard solutions should be checked 
frequently for signs of degradation or . 
evaporation. especially just prior to prepanng 
calibration standards from them. 

8.11..3 Stoclc standard solutions must be 
replacad after six months. or sooner if 
comparison with checlc atandards indicates a 
problem. 

6.12 Quality control check sample 
concentrat~ Section 8.2.1. 

7. Calibmtion 
7.1 Eatablish gas chromatographic 

operating conditions equivalent to those. 
given in Table 1. The gas chromatographic 
system can be calibrated using the external 
standard technique (Section 7 .2) or the 
internal standard technique (Section 7 .3). 

7.2 External standard calibration 
procedure: · 

7 .Z.1 Prepare calibration standards at a 
minimum of three concentration levela for 
each parameter of interest by adding volumes 
of one or more stoclc standards to a 
volumetric llaslc and diluting to volume with 
isooctane. One of the external standards 
should be at a concentration near. but above. 
the MDL (Table 1) and the ()ther 
concentrations should correspond to the 

expected range of concentrations found in 
real samples or should derme the working 
range of the detector. 

7 .2.2 Using injections of 2 to 5 J.J.!.. analyze 
each calibration standard according to 
Section 12 and tabulate peak height or area 
respontes against the ma11 injected. The 
results can be used to prepare a calibration 
curve for each compound. Alternatively. if 
the ratio of response to amount injected 
(calibration factor} is a constant over the 
working range ( <lD" relative standard .. 
deviation. RSD), linearity through the ongm 
can be auumed and the average ratio or 
calibration factor can be used in place of a 
calibration curve. 

7 ..3 lntemal standard calibration 
procedure-To use this approach. the analyst 
must select one or more intemalstandarda 
that are aimilarin analytical behavior to the 
compounds of interest. The analyst must 
further demonstrate that the mea1urement of 
the internal standard is not affected by 
method or matrix interferences. Because of 
these Umitationa. no internal standard can be 
suggetted that is applicable to all samples. 

7.3.1 Prepare calibration standards at a 
minimum of three concantratlon levels for 
each parameter of interest by adding volumes 
of one or more stoclc standards to a 
volumetric flask. To each calibration 
standard. add a known constant amount of 
one or more internal standard.t. and dilute to 
volume with isooctane. One of the standards 
should be at a concentration near. but above. 
the MDL and the other concentrations should 
correspond to the expected range of 
concantrations found in real samples or 
should derme the working range of the 
detector • 

7.3.2 Using injections of 2 to S ,.U.. anal~e 
each calibration atandard according to 
Section U and tabulate peale height or area 
respcmaet agawt concantration for each 
compound and internal standard. Calculate 
response factors (RF} for each compound 
using Equation 1. 

Equation 1. 

RF-
(A.)(C,.) 

(A..J(CJ 

where: 
A.-Response for the parameter to be 

measured. 
A..-Ruponse for the Internal standard. 
C.-Concentration of the internal standard 

'-"a/L). 
C.•Concantraton of the parameter to be 

measured (}l.g/L). 
It the RF value over the working range is a 

constant ( < 1D" RSD), the RF can be 
a11umed to be invariant and the average RF 
can be used for calculatlons. AltemaliveJy, 
the results can be used to plot a calibration 
curve of response ratio1. A./ A.. v1. RF. 

7.4 The working calibration curve. 
calibration factor. or RF must be verified on 
each working day by the measurement of one 
or more calibration standards. II the response 
for any parameter varies from the predicted 
response by more than :tiS.,_ the test must 
be repeated using a fresh calibre lion 
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standard. Alternatively, a new calibration 
OUft must be prepared for that compound. 

7 ..5 The cleanup procedure in Section 11 
utilizes Florisil column chromatography. 
Ftorisil from different batches or aources may 
yary in adaorptive capacity. To atandardize 
the amount of Florisil which is used. the use 
of lauric acid value ' is auggested. The 
referenced procedure detennines the 
adsorption from hexane solution of lauric 
acid (mgJ per g of FlorisiL The amount of 
Florisil to be used for each column ia 
calculated by dividing 110 by this ratio and 
multiplying by 20 g. 

7 .a Before using any cleanup procedure, 
the analyst must process a aeries of 
caJibration standards through the procedure 
to validate elution patterns and the absence 
of interferences from the reagents. 

8. Quality Control 
8.1 Each laboratory that uses this method 

is required to operate a fonnal quality control 
program. The minimum requirements of this 
program consist of an initial demonstration of 
laboratory capability and an ongoing 
analysis of spiked samples to evaluate and 
document data quality. The laboratory must 
maintain records to document the quality of 
data that is generated. Ongoing data quality 
checks are compared with established 
perionnance criteria to detennine if the 
results of analyses meet the perfonnance 
characteristics of the method. When results 
of sample spikes indicate atypical method 
perfonnance. a quality control check 
standard must be analyud to confmn that 
the measurements were perfonned in an in· 
control mode of operation. 

8.1.1 The analyst must make an initial. 
one-time. demonstration of the ability to 
generate acceptable accuracy and precision 
with this method. This ability is established 
as described in Section 8.2. 

8.l.Z In recognition of advances that are 
oCCUlTing in chromatography, the analyst is 
;rermitted certain options (detailed in 
Sections 10.4. 11.1, and 1.2.1) to improve the 
separations or lower the cost of 
measurements. Each time such a modification 
is made to the method. the analyst is required 
to repeat the procedure in Section 8.2. 

8.1.3 Before processing any samples. the 
caalyst must analyze a reagent water blanlc 
to demonstrate that interferences from the 
analytical system and glassware are under 
controL Each time a set of samples is 
extracted or reagents are changed. a reagent 
water blank must be processed as a 
safeguard against laboratory contamination. 

8.1.4 The laboratory must. on an ongoing 
llasis. spike and analyze a minimum of 1'"' of 
all samples to monitor and evaluate 
laboratory data quality. This procedure is 
described in Section 8.3. 

8.1.5 The laboratory must. on an ongoing 
basis. demonstrate through the analyses of 
quality control check standards that the 
operation of the measurement system is in 
control. This procedure is described in 
Seetion 8.4. The frequency of the check 
standard analyses is equivalent to 10'J' of all 
samples analyzed but may be reduced if 
s~ike recoveries from samples (Section 8.3) 
meet all specified quality control criteria. 

8.1.6 The laboratory must maintain 
;:rerfonnance records to document the quality 

o{ data that is generated. This procedure ia 
described in Section a.s. 

U To establish the ability to generate 
acceptable accuracy and precision. the 
analyst must perfonn the following 
operations. 

8.2.1 A quality control (QCJ check sample 
concentrate is required containing each 
aingle-component parameter of interest at the 
following concentrations in acetone: 4.4' • 
000.10 ~~og/ml.:. U'-ODT.10 ~~og/ml.:. . 
endosulfan IL 10 ~~os/mL:. endosulfan sulfate. 
10 ~~oslmL:. endrin. 10 ~~og/mL:. any other single­
component pesticide. 2 ~~og/ml.. U this method 
ia only to be used to analyze for PCBa. 
chlordane. or toxaphene. the QC check 
sample concentrate should contain the most 
representative multicomponent parameter at 
a concentration of SO ~~osl ml. in acetone. The 
QC check aample concentrate must be 
obtained from the U.S. Environmental 
Protection Agency, Environmental Monitoring 
and Support Laboratory in Cincinnati, Ohio, 
if available. U not available from that source. 
the QC check sample concentrate must be 
obtained from another external source. U not 
available from either source above. the QC 
check sample concentrate must be prepared 
by the laboratory using stock standards 
prepared independently from those used for 
calibration. 

S.Z.Z Using a pipet. prepare QC check 
samples at the test concentrations shown in 
Table 3 by adding 1.00 m1. of QC check 
sample concentrate to each of four 1-L 
aliquots of reagent water. 

8..2.3 Analyze the well-mixed QC check 
samples according to the method beginning in 
Section 10. 

8.2.4 ~lculate the average recovery (X] 
in ~~og/ml.:. and the standard deviation of the 
recovery (s) in ~~og/mL. for each parameter 
using the four results. 

8..2.5 For each parameter compare s and X 
with the corresponding acceptance criteria 
for precision and accuracy, respectively, 
found in Taole 3. U a and X for all parameters 
of interest meet the acceptance criteria, the 
system perfonnance is acceptable and 
analysis of actual samples can begin. If any 
individual a exceeds the precision limit or 
any individual X falls outside the range for 
accuracy. the system performance ia 
unacceptable for that parameter. 

Note.-The large number of parameters in 
Table 3 present a substantial probability that 
one or more will fail at least one of the 
acceptance criteria when all parameters are 
analyzed. 

a.z.a Wben one or more of the parameters 
tested fail at least one of the acceptance 
criteria, the analyst must proceed according 
to Section 8..2..8.1 or 8.2.8..2. 

8..2.8.1 Locate and correct the source of 
the problem and repeat the test for all 
parameters of interest beginning with Section 
8..2..2. 

a.z.a.z Beginning with Section 8..2..2. repeat 
the test only for those parameters that failed 
to meet criteria. Repeated failure, however, 
will confinn a general problem with the 
measurement system. U this occurs. locate 
and correct the source of the problem and 
repeat the test for all compounds of interest 
beginning with Section 8.Z..Z. 

8.3 The laboratory must. on an ongoing 
basis. spike at least 10'J' of the samples from 

each sample site being monitored to assess 
accuracy. For laboratories analyzing one to 
ten samples per month. at least one spiked 
sample per month is required. 

8.3.1 The concentration of the spike in the 
aample should be determined as follows: 

8.3.1.1 U. as in compliance monitoring, the 
concentration of a specific parameter in the 
aample ill being checlced against a regulatory 
concentration limit. the spike should be at 
that limit or 1 to S times higher than the 
background concentration detennined in 
Section 8.3..2. whichever concentration would 
be larger. 

8.3.1.Z U the concentration of a specific 
parameter in the sample is not being checked 
against a limit specific to that parameter. the 
spike should be at the test concentration in 
Section S.Z.Z or 1 to S times higher than the 
background concentration determined in 
Section 8.3..2. whichever concentration would 
be larger. 

8.3.1.3 U it ill impractical to detennine 
background levels before spiking (e.g~ 
maximum holding times will be exceeded), 
the spike concentration should be (1) the 
regulatory concentration litnit. if any: or. if 
none (2) the larger of either 5 times higher 
than the expected background concentration 
or the test concentration in Section 8 . .2..2. 

8.3.Z Analyze one sample aliquot to 
determine the background concentration (B) 
of each parameter. U necessary. prepare a 
new QC check sample concentrate (Section 
8.2.1) appropriate for the background 
concentrations in the sample. Spike a second 
sample aliquot with 1.0 ml. of the QC check 
sample concentrate and analyze it to 
detennine the concentration after spiking (A) 
of each parameter. Calculate each percent 
recovery (P) as tOO(A-BJ"/T, where T is the 
known true value of the spike. 

8.3.3 Compare the percent recovery (PJ for 
each parameter with the corresponding QC 
acceptance criteria found in Table 3. These 
acceptance criteria were calculated to 
include an allowance for error in 
measurement of both the background and 
spike concentrations, assuming a spike to 
background ratio of 5:1. This error will be 
accounted for to the extent that the analyst's 
spike to background ratio approaches 5:1. 10 If 
spiking was perionned at a concentration 
lower than the test concentration in Section 
8..2..2. the analyst must use either the QC 
acceptance criteria in Table 3. or optional QC 
acceptance criteria calculated for the specific 
spike concentration. To calculate optional 
acceptance criteria for the recovery of a 
parameter: (1) Calculate accuracy (X') using 
the equation in Table 4, substituting the spike 
concentration (T) for C: (2) calculate overall 
precision (S'J using the equation in Table 4. 
substituting X' for X; (3) calculate the range 
for recovery at the spike concentration as 
(100 X' /T}:!::.%.44(100 S'/TJ",IO 

8.3.4 U any individual P falls outside the 
designated range for recovery, that parameter 
has failed the acceptance criteria. A check 
standard containing each parameter that 
failed the criteria must be analyzed as 
described in Section 8.4. 

8.4 If any parameter fails the acceptance 
criteria for recovery in Section 8.3, a QC 
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check standard containing each parameter 
that failed must be prepared and analyzed. 

Note.-The frequency for the required 
1nalysis of a QC check standard will depend 

lOn the number of parameters being 
multaneously tested. the complexity of the 

sample matrix. and the performance of the 
laboratory. If the entire list of parameters in 
Table 3 must be me81ured in the sample in 
Section 8.3. the probability that the analysis 
of a QC check standard will be required is 
high. In this case the QC check standard 
should be routinely analyzed with the spike 
sample. 

8.4.1 Prepare the QC check standard by 
adding 1.0 mL of QC check sample 
concentrate (Sections 8.2.1 or 8.3.2) to 1 L of 
reagent water. The QC check standard needs 
only to contain the parameters that failed 
criteria in the test in Section 8.3. 

8.4.2 Analyze the QC check standards to 
determine the concentration measured (A) of 
each parameter. Calculate each percent 
recovery (P,) as 100 (A/~. where T is the 
true value of the standard concentration. 

8.4.3 Compare the percent recovery (P,) 
for each parameter with the corresponding 
QC acceptance criteria found in Table 3. 
Only parameters that failed the test in 
Section 8.3 need to be compared with these 
criteria. If the recovery of any such parameter 
falls outside the designated range. the 
laboratory performance for that parameter is 
judged to be out of controL and the problem 
must be immediately identified and 
corrected. The analytical result for that 
parameter in the unspiked sample is suspect 
,.,d may not be reported for regulatory 

'lliance purposes. 
.; As part of the QC program for the 

laboratory, method accuracy for wastewater 
samples must be assessed and records must 
be maintained. After the analysis offive 
spiked wastewater samples 81 in Section 8.3, 
calculate the average percent reeovery (:P) 
and the standard deviation of the percent 
recovery (s,). Express the accuracy 
assessment as a percent recovery interval 
from fl-2 s, to fl+2 s,. If Pa90'l' and 
s,-lll'r>, for example. the accuracy interval is 
expressed as 70-110'.'. Update the accuracy 
assessment for each parameter on a regular 
basis (e.g. after each five to len new accuracy 
measurements). 

8.6 It is recommended that the laboratory 
adopt additional quality assurance practices 
for use with this method. The apecific 
practices that are most productive depend 
upon the needs of the laboratory and the 
nature of the samples. Field duplicates may 
be analyzed to assess the precision of the 
environmental measurements. When doubt 
exists over the identification of a peak on the 
chromatogram. confirmatory techniques such 
as gas chromatography with a dissimilar 
column. specific element detector, or mass 
spectrometer must be used. Whenever 
possible. the laboratory should analyze 
standard reference materials and participate 
in relevant performance evaluation studies. 

9. Sample Collection. Preservation. and 
Hr •:ng 

:rab samples must be collected in 
glass "ontainers. Conventional sampling 
practices 11 should be followed. except that 

the bottle must not be prerinsed with sample 
before collection. Composite samples should 
be collected in refrigerated glass containers 
in accordance with the requirements of the 
program. Automatic sampling equipment 
must be 81 free as possible of Tygon tubing 
and other potential sources of contamination. 

9.2 All samples must be iced or 
refrigerated at 4 ·c from the time of collection 
until extraction. If the samples will not be 
extracted within 72 h of collection. the 
aample should be adjusted to a pH range of 
5.0 to 9.0 with sodium hydroxide solution or 
sulfuric acid. Record the volume of acid or 
base UNd. If aldrin is to be determined. add 
sodium thioaulfale when residual chlorine is 
present. EPA Methods 330.4 and 330.5 may be 
used for measurement of residual chlorine.'• 
Field test kits are available for this purpose. 

9.3 All samples must be extracted within 
7 days of collection and completely analyzed 
within 40 days of extraction.• 

10. Sample Extraction 

10.1 Mark the water meniscua on the side 
o{ the sample bottle {or later determination of 
sample volume. Pour the entire sample into a 
2-L separatory funnel. 

10.2 Add eo mL of methylene chloride to 
the sample bottle, seal, and shake 30 a to 
rinse the inner surface. Transfer the solvent 
to the separatory funnel and extract the 
sample by shaking the funnel for 2 min with 
periodic venting to release excess pressure. 
Allow the organic layer to separate frbm the 
water phase for a minimum of 10 min. If the 
emulsion interface between layers is more 
than one-third the volume of the solvent 
layer, the analyst must employ mechanical 
techniques to complete the phase separation. 
The optium technique depends upon the 
sample. but may include stirring, filtration of 
the emulsion through glass wooL 
centrifugation. or other physical methods. 
Collect the methylene chloride extract in a 
ZSO-mL Erlenmeyer flask. 

10.3 Add a second 60-mL volume of 
methylene chloride to the sample bottle and 
repeat the extraction procedure a second 
time. co~bining the extracta in the 
Erlenmeyer flask. Perform a third extraction 
in the same manner. 

10.4 Aasemble a Kudema-Danish (K-D) 
concentrator by attaching a 1Q-mL 
concentrator tube to a 500-mL evaporative 
flask. Other concentration devices or 
techniques may be used in place of the K-0 
concentrator if the requirements of Section 
8.2 are mel. 

10.5 Pour the combined extract through a 
solvent-rinsed drying column containing 
about 10 em of anhydrous sodium sulfate. 
and collect the extract in the K-D 
concentrator. Rinse the Erlenmeyer flask and 
column with 20 to 30 mi. of methylene 
chloride to complete the quantitative transfer. 

10.6 Add one or two clean boiling chips to 
the evaporative flask and attach a three-ball 
Snyder column. Prewet the Snyder column by 
adding about 1 mi. of methylene chloride to 
the lop. Place the K-D apparatus on a hot 
water bath (60 to 65 •q so that the 
concentrator tube is partially immersed in the 
hot water. and the entire lower rounded 
surface of the flask is bathed with hot vapor. 
Adjust the vertical position of the apparatus 

and the water temperature as required to .:)~ 
complete the concentration in 15to 20 min. Atf·~ 
the proper rate of distillation the balls of the· ·~~ 
column will actively chatter but the chamban:7s 
will not flood with condensed aolvenl. When~-:~ 
the apparent volume of liquid reaches 1 mi.:.~<~~~ 
remove the K-0 apparatus and allow It to ··.·~=r::i:;..."!5 
drain and cool for at least 10 min. ·· ,-~.:.:.~ 

10.7 Increase the temperature of the hot·~;~ 
water bath to about eo ·c. Momentarily '.-.,~-~ 
remove the Snyder column. add 50 mL of . · · ;:}~ 
hexane and a new boilin3 chip, and reattach "'/~ 
the Snyder column. Concentrate the extract :'+~ 
as in Section 10.6, except use hexane to ·· ;~$ 
prewet the column. The elapsed time of . . :2~~ 
concentration should be 5 to 10 min. · .. " · . ..?~ 

10.S Remove the Snyder column and rins~ -~~ 
the flask and Ita lower joint into the . . . ·;~ 
concentrator tube with 1 to 2 mL of hexane. A ·-~ 
5-mL syringe is reeom.mended for this •. :3~~ 
operation. Stopper the concentrator tube and .~2~. 
store refrigerated if further processing will 'i~ 
not be performed immediately. If the extract (~ 
will be stored longer than two days, it ahould :~ 
be transferred to a Teflon-sealed screw-cap '~ 
viaL If the sample extract requires no further -~~ 
cleanup, proceed with gas chromatographic .':~ 
analysis (Section 12). I! the sample requires ·:~ 
further cleanup. proceed to Section 11. _:ji! 

10.9 Determine the original sample 2.':'-
volume by refilling the sample bottle to the i~ 
mark and transferring the liquid to a 1000-mL _:j1 
graduated cylinder. Record the sample :._:r;%1 
volume to the nearest 5 mi.. ~~ 

11. Cleanup and Separation 

11.1 Cleanup procedures may not be 
necessary for a relatively clean sample 
matrix. If particular circumstances demand 
the use of a cleanup procedure. the analyst 
may use either procedure below or any other 
appropriate procedure. However, the analyst 
first must demonstrate that the requirements 
of Section 8.2 can be met using the method as 
revised to incorporate the cleanup procedure. 
The Florisil column allows for a select 
fractionation of the compounds and will 
eliminate polar interferences. Elemental 
sulfur. which interferes with the electron 
capture gas chromatography of certain 
pesticideS. can be removed by the technique 
described in Section 11.3. 

11.2 Florisil column cleanup: 
11.2.1 Place a weight of Florisil (nominally 

20 gj predetermined by calibration (Section 
7.5), into a chromatographic column. Tap the 
column to settle the Florisil and add 1 to 2 em 
of anhydrous sodium sulfate to the top. 

11.2.2 Add 60 mL of hexane to wet and 
rinse the sodium sulfate and Florisil. Just 
prior to exposure of the sodium sulfate layer 
to the air, stop the elution of the hexane by 
closing the stopcock on the chromatographic 
column. Discard the eluate. 

11.2.3 Adjust the sample extract volume 
to 10 mL with hexane and transfer it from the 
K-D concentrator tube onto the column. 
Rinse the tube twice with 1 to 2 mL of 
hexane, adding each rinse to the column. 

11.2.4 Place a 500-mL K·D flask and clean 
concentrator tube under the chromatographic 
column. Drain the column into the flask until 
the sodium sulfate layer ia nearly exposed. 
Elute the column with 200 mL of 6% ethyl 
ether in hexane (V /V) (Fraction 1) at a rate of 
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atJoiiiS mL/min. Remove the K-D flask and 
_. it aside for later concentration. Elute the 
c:o~umn aaain. u.ins 200 mL of 15" ethyl ether 
. bes8De (V /V) (Fraction Z), Into a second K­
; OasJc. Perform the third elution usinl ZOO 
!IlL of 50" ethyl ether in hexane (V /V) 
!Fraction 3). The elution patterns for the 
pesticides and PCBa are lhown In Table Z. 

n.Z.S Concentrate the fractiona as In 
Section 10.8. except use hexane to prewet the 
column and set the water bath at about 85 •c. 
When the apparatus is cool. remove the 
Sayder column and rinse the flask and ita 
~joint into the concentrator tube with 
~~exaae.. Adjust the volume of each fraction to 
10 mL with hexane and analyze by gaa 
c:iuoiDIIt011'8PhY (Section 1%). 

11.3 Elemental sulfur will u.ually elute 
eutirely in Fraction 1 of the FlorisU column 
cieanup. To remove aulfur interference from 
this fraction or the orisinal extract. pipet 1.00 
JilL of the concentrated extract into a clean 
caacentrator tube or Teflon-sealed vial. Add 
one to three drops of mercury and seaL 1 a 
Asitate the contents of the vial for 15 to 30 a. 
Prolonsed shaking (2 h) may be required. If 
so. this may be accomplished with a 
reciprocal shaker. Alternatively. activated 
copper powder may be used for sulfur 
removal. 14 Analyze by gas chromatography. 

12. c;as Chromatography 
1Z.1 Table 1 summarizes the 

recommended operating conditions for the 
gas chromatograph. Included in this table are 
retention times and MDL that can be 
achieved under these conditions. Examples of 
the separationa achieved by Column 1 are 
shown in Figures 1 to 10. Other packed or 
capillary (open-tubular) columns. 
chromatographic conditions. or detectors may 
be used if the requirements of Section 8.2 are 
meL 

1Z.Z Calibrate the system daily as 
dncribed in Section 7. 

1%.3 If the internal standard calibration 
procedure ia being used. the internal standard 
must be added to the sample extract and 
mixed thoroughly immediately before 
injection into the gas chromatograph. 

1Z.4 Inject 2 to 5 ,... of the aample extract 
or standard into the gas chromatograph using 
the solvent-flush technique. I• Smaller (1.0 uL) 
volumes may be injected if automatic devices 
are employed. Record the volume injected to 
the nearest 0.05 1'1.. the total extract volume. 
and the resultina peak size in area or peak 
height units. 

l%.5 Identify the parameters in the sample 
by comparing the retention times of the peaks 
in the sample chromatogram with those of the 
peaks in standard chromatograms. The width 
or the retention time window used to make 
•dentifications should be baaed upon 
measurements of actual retention time 
variations of standards over the course of a 
day. Three times the standard deviation of a 
retention time for a compound can be used to 
calculate a suggested window size; however, 
the experience of the analyst should weigh 
heavily in the interpretation of 
chromatograms. 

lZ.S l! the response for a peak exceeds 
the working range of the system. dilute the 
extract and reanalyze. 

1%.7 If the meaaurement of the peak 
response Is prevented by the preaence of 
Interferences. further cleanup Is required. 

13. Calculations 
13.1 Determine the concentration of 

individual compounds In the sample. 
13.1.1 If the external atandard calibration 

procedure Is used. calculate the amount of 
material injected from the peak reaponae 
using the calibration curve or calibration 
factor determined In Section 7 .Z.:Z. The 
concentration in the sample can be 
calculated from Equation Z. 

Equation%. 

(A)(VJ 
Concentration ~g/L) • --­

(VJ(VJ 

where: 
A•Amount of material injected (ng). 
v.-volume of extract injected(,...). 
v,-Volume o{ total extract(,...). 
V,•Volume of water extracted (mL). 
13.1..2 If the internal standard calibration 

procedure is used. calculate the 
concentration in the sample using the 
response factor (RF) determined in Section. 
7 .3..2 and Equation 3. 

Equation 3. 

(A.) (1.) 
Concentration (p.g/L)• ___;_...;___ 

(At.)(RF)(V .) 

where: 
A.•Response for the parameter to be 

meaaured. 
At.•Response for the Internal standard. 
I.• Amount of internal standard added to 

each extract (p.g). 
V.•Volume of water extracted (L). 
13..2 When it is apparent that two or more 

PCB (Aroclor) mixtures are present. the 
Webb and McCall procedure 18 may be used 
to identify and quantify the Aroclors. 

13.3 For multicomponent mixtures 
(chlordane. toxaphene. and PCBs) match 
retention times of peaks In the standards 
with peaks in the sample. Quantitate every 
identifiable peak unless interference with 
individual peaks persist after cleanup. Add 
peak height or peak area o{ each identified 
peak in the chromatogram. Calculate as total 
response in the aample versu. total response 
In the standard. 

13.4 Report results In p.g/L without 
correction for recovery data. All QC data 
obtained should be reported with the sample 
results. 

14. Method Performance 

14.1 The method detection limit (MDL) is 
defined as the minimum concentration of a 
substance that can be measured and reported 
with ~ confidence that the value is above 
zero.• The MDL concentrations listed in 
Table 1 were obtained using reagent water. 17 

Similar results were achieved usiftl 

representative wastewaters. The MDL 
actually achieved in a given analysia will 
vary depending on Instrument sensitivity and 
matrix effects. 

14..2 This method has been tested for 
linearity of tpike recovery from reagent 
water and has been demonstrated to be 
applicable over the concentration ranse from 
4XMDL to 1000XMDL with the followins 
exceptions: Chlordane recovery at 4 X MDL 
was low (60'ft); Toxaphene recovery was 
demonstrated linear over the ranse of 
10XMDL to 1000XMDL.JT 

14.3 · Thia method waa tested by 20 
laboratories using reagent water, drinking 
water, surface water. and three industrial 
wastewaters apiked at six concentrations. 18 

Concentrationa used in the study ransed from 
O.S to 30 p.g/L for single-component pesticides 
and from 8.5 to 400 JJ.g/L for multicomponent 
parameters. Single operator precision. overall 
preciaion. and method accuracy were found 
to be directly related to the concentration of 
the parameter and essentially independent of 
the sample matrix. Linear equations to 
describe these relationships are presented in 
Table4. 
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COLUMN: 1.5% SP-2250/1.95% SP-2401 ON SUPELCOPORT 
TEMPERATURE: 20o•c. 
DETECTOR: aECTRON CAPnJRE 
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Ft,ure 1 . Gas chromatog-ram of pesticides. 
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COLUMN: 1.5% SP-2250/f.SS% SP-2401 ON SUPELCOPORT 
TEMPERATURE: 200•c. 
DETECTOR: ELECTRON CAPnJRE 
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Ft,ure 1 . G~s chrom~togram of pesticides. 
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COlUMN: 1.5% SP-2250/1.95% SP-2401 OH ~UPElCOttORT 
TEMPERATURE: 2oo•c. 
DETECTOR: ElECTRON CAPTURE 
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RETENTION TIME. MIN. 

Figure 2. Gas chromatogram of chlordane. 
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COLUMN: 1.5% SP·2250/1.95% SP-2401 ON SUPELCOPOAT 
TEMPERATURE: 200·c. 
DETECTOR: ELECTRON CAPTURE 

14 18 21 26 
RETENTION nME. MIN. 

=igure 3. Gas chromatogram of toxaphene. 
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COLUMN: 1.5% SP-2250/1.95% SP-2401 ON SUPHCOPOAT 
TEMPERA TURf: 1so•c. 
DETECTOR: aECTRON CAPTURE 

2 6 tO 14 18 22 
RETENTION TIME, MIN. 

Figure 4. Gas chromatogram of PCS-1016. 
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COLUMN: 1.5% SP·2250/1.95% SP-2401 ON SUPHCOPORT 
TEMPERATURE: 1so•c. 
DETECTOR: aECTRON CAPTURE 

2 6 10 14 18 22 
RETENTION TIME. O'IIN. 

Figure 5. Gas chromatogram of PCB-1 221. 
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COLUMN: 1.5% SP-2250/1.95~ SP-2401 ON SUPElCOPOAT 
TEMPERATURE: lso·c. 
DETECTOR: aECTRON CAPTURE 

2 6 10 14 18 22 
RETENTION TIME. MIN. 

Figure 6. Gas chromatogram of PCB-1232. 
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COlUMN: 1.5% SP-2250/ 1.95% SP-2401 ON SUPELCOPORT 
TE.'t'IPERA TURE: 16o•c. 
DETECTOR: ElECTRON CAPTURE 

2 6 10 14 18 22 

RETENTION TIME. MIN. 

Figure 7. Ga$ chromatogram of PCB-1242. 



102 Federal Register I Vol. 49, No. 209 I Friday. October 2G. 1984 I Rules and Regulatio' 

COLUMN: 1.5% S?-2250/1.95% S?-2401 0~ SUPELCO,ORT 
TEMPERATURE: 16o•c. 
DETECTOR: ELECTRON CAPTURE 

2 6 10 14 18 22 
RETEN rJON TIME, MIN. 

Figure 8. Gas chromatogram of PCS-1248. 
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COLUMN: 1.5% SP-2250/1.95% SP-2401 ON SUPELCOPORT 
TEMPERATURE: 20o•c 
DETECTOR: ELECTRON CAPTURE 

2 6 18 22 
RETENTION TIME. MIN. 

Figure 9. Gas chromatogram of PCB- 1254. 
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COLUMN: 1.5~ SP-2250/1.95% SP·HOt ON StJ~ELCO,O~T 
TEW'StA TU~: 200•c. 
DETECTOR: ElECTRON CAPTURE 

2 6 10 14 18 Z2 
RETENTION TIME. MIN. 

Figure 10. Gas chromatogram of PCB· 1 260. 
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APPENDIX E. Method 8080-0rganochlorine Pesticides and PCB's 
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METHOD 8080 

ORGANOCHLORINE PESTICIDES AND PCB'S 

1.0 Scope and Application 

1.1 Method 8080 is used to determine the concentration of certain 
organochlorine pesticides and polychlorinated biphenyls (PCB's) in ground­
water, liquid, and solid sample matrices. Specifically, Method 8080 may be 
used to detect the following substances: 

Aldrin 
a-BHC 
6-BHC 
w-BHC 
~-BHC (Lindane) 
"Chlordane 
4,4'-0DO 
4,4•-ooE 
4,4'-00T 
Dieldrin 
Endosu 1 fan I 
Endosu 1 fan I I 
Endosulfan sulfate 
Endri n 

Endri n aldehyde 
Heptachlor 
Heptachlor epoxide 
Kepone 
Methoxych 1 or 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCS-1242 
PCS-1248 
PCS-1254 
PCB-1260 

1.2 Method 8080 is recommended for use only by, or under the close 
supervision of, experienced residue analysts. 

2.0 Summary of Method 

2.1 Method 8080 provides cleanup and chromatographic conditions for 
the detection of ppb levels of organochlorine pesticides and PCB's. Prior 
to the use of this method, appropriate sample extraction techniques must be 
used. Groundwater and other aqueous samples are extracted at a neutral pH 
with methylene chloride as a solvent using a separatory funnel (Method 3510) 
or a continuous liquid-liquid extractor (Method 3520). Both neat and diluted 
organic liquids may be analyzed by direct injection. Solid samples are 
extracted with hexane:acetone (1:1) using either the Soxhlet extraction 
(Method 3540) or sonication (Method 3550) procedures. A 2- to 5-~1 sample is 
injected into a gas chromatograph (GC) using the solvent flush technique, and 
compounds in the GC effluent are detected by an electron capture detector 
(ECD) or another halogen-specific detector. An aliquot of each sample will 
be spiked with standards to determine the spike recovery and the limits of 
detection for that particular sample. I·t is recommended that the analyst 
carefully select the compounds used in sample spiking to avoid coelution 
under the GC conditions given in Table 1. Aroclor 1221 will give minimal 
interference with the single component pesticides listed in Table 1. Chlor­
dane and toxaphene may require individual spiked sample analysis to yield 
valid recovery data. 

• 
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TABLE 1. GAS CHROMATOGRAPHY OF PESTICIDES AND PCB'sa 

Parameter 

Aldrin 
a-BHC 
!-BHC 
w-BHC 
%:-BHC (Lindane) 

hlordane 
4,4'-00D 
4,4'-00E 
4,4'-0DT 
Dieldrin 
Endosulfan I 
Endosu 1 fan II 
Endosulfan su 1 fate 
Endrin 
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
Methoxych 1 or 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

NO • not determined·. 
araken from reference 6. 

Retention time (min) 
Detection 1 imitb 

Column 1c Column 2d (~g/1 ) 

2.40 4.10 0.004 
1.35 1.82 o.oo4 
1.90 1.97 0.006 
2.15 2.20 0.009 
0.70 2.13 0.004 
e e 0.014 

7.83 9.08 0.012 
5.13 7.15 0.004 
9.40 11.75 0.012 
5.45 7.23 0.002 
4.50 6.20 0.014 
8.oo 8.28 0.004 

14.22 10.70 0.066 
6.55 8.10 0.006 

11.82 9.30 0.023 
2.00 3.35 0.004 
3.50 5.00 0.083 

18.20 26.60 0.176 
e e NO 
e e NO 
e e NO 
e e 0.065 
e e NO 
e e NC 
e e NC 

boetection limit is calculated from the minimum detectable GC response 
being equal to five times the GC background noise, assuming a 10-ml final 
volume of a 1-liter liquid extract, and assuming a GC injection of 5 1-Ll. 

CColumn 1 conditions: Supelcoport 100/120 mesh coated with 1.5: 
SP-2250/1.95~ SP-2401 packed in a 180-cm long x 4-mm I.O. glass column with 
5~ Methane/95~ Argon carrier gas at 60 ml/min flow rate. Column temperature 
is zoo· c. 

dcolumn 2 conditions: Supelcoport 100/200 mesh coated with 3~ OV-1 in 
a 180-cm long x 4-mm I.D. glass column with 5% Methane/95: Argon carrier gas 
at 60 ml/min flow rate. Column temperature is 200".C. 

!Multiple peak response. 
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2.2 The sensitivity of Method 8080 usually depends on the level of 
interferences rather than on instrumental limitations. Table 1 lists the 
limits of detection that can be obtained in wastewaters in the absence of 
interferences. Detection limits for a typical waste sample may be signifi­
cantly higher. 

3.0 Interferences 

3.1 Solvents, reagents, glassware, and other sample processing hardware 
may yield discrete artifacts and/or elevated baselines causing misinterpreta­
tion of gas chromatograms. All these materials must therefore be demonstrated 
to be free from interferences under the conditions of the analysis by 
running method blanks. Specific selection of reagents and purification of 
solvents by distillation in all-glass systems may be required. 

3.2 Interferences coextracted from the samples will vary considerably 
from waste to waste. While general cleanup techniques are provided as part of 
this method, unique samples may require additional cleanup approaches to 
achieve desired sensitivities. 

3.3 Glassware must be scrupulously clean. Clean all glassware as soon 
as possible after use by rinsing with the last solvent used. This should be 
followed by detergent washing in hot water. Rinse with tap water, distilled 
water, acetone, and finally pesticide-quality hexane. Heavily contaminated 
glassware may require treatment in a muffle furnace at 400. C for 15 to 30 
min. Some high boiling materials, such as PCB's, may not be eliminated by 
this treatment. Volumetric ware should not be heated in a muffle furnace. 
Glassware should be sealed/stored in a clean environment immediately after 
drying or cooling to prevent any accumulation of dust or other contaminants. 
Store inverted or capped with aluminum foil. 

3.4 Interferences by phthalate esters can pose a major problem in 
pesticide analysis. These materials elute in the 15~ and 50~ fractions of 
the Florisil cleanup. They usually can be minimized by avoiding contact 
with any plastic materials. The contamination from phthalate esters can be 
completely eliminated with a microcoulometric or electrolytic conductivity 
detector. 

3.5 Before processing any samples, the analyst should demonstrate daily 
through the analysis of an organic-free water or solvent blank that the 
entire analytical system fs interference-free. Standard quality assurance 
practices should be used with this method. Field replicates should be 
collected to validate the precision of the sampling technique. Laboratory 
replicates should be analyzed to validate the precision of the analysis. 
Fortified samples should be analyzed to validate the accuracy of the anal­
yses. Where doubt exists over the identification of a peak on the gas 
chromatogram, confirmatory techniques such as mass spectroscopy should 
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be used. 
Table l. 
1 j.l.g/g. 

Detection limits for groundwater and EP extracts are given in 
Detection limits for these compounds in wastes should be set at 

4.0 Aoparatus and Materials 

4.1 Drying column: 20-mm I.D. pyrex chromatographic column with coarse 
frit. 

4.2 Kuderna-Danish (K-0) apparatus 

4.2.1 Concentrator tube: 10 ml, graduated. Calibration must be 
checked at 1.0- and 10.0-ml level. Ground glass stopper (size 19/22 
joint) is used to prevent evaporation of extracts. 

4.2.2 Evaporative flask: 500 ml. Attach to concentrator tube with 
springs. 

4.2.3 Snyder column: Three-ball macro (Kontes K503000-0121 or 
equi va 1 ent). 

4.2.4 Boiling chips: Extracted, approximately 10/40 mesh. 

4.3 Water bath: 
ture control (;:2· C). 

Heated, with concentric ring cover, capable of tempera­
The bath should be used in a hood. 

4.4 Gas chromatograph: Analytical system complete with gas chromato­
graph suitable for on-column injection and all required accessories including 
electron-capture or halogen-specific detector, column supplies, recorder, 
gases, syringes. A data system for measuring peak areas is recommended. 

4.5 Chromatographic column: Pyrex, 400 mm x 25 mrn O.D., with coarse 
fritted.plate and Teflon stopcock {Kontes K-42054-213 or equivalent). 

5.0 Reagents 

5.1 Preservatives 

5.1.1 Sodium hydroxide: (ACS) 10 N in distilled water. 

5.1.2 Sulfuric acid (1+1): (ACS) Mix equal vo.lumes of cone. 
H2so4 with distilled water. 

5.2 Methylene chloride: Pesticide quality or equivalent. 

5.3 Sodium sulfate.:__ .. ,ACS.) &ranular, anhydrous (purified by heating at 
400" C for 4 hr in a shallow tray). 
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5.4 Stock standards: Prepare stock standard sol uti ens at a concen­
tration of 1.00 IJ.g/IJ.l by dissolving 0.100· g of assayed reference material 
in pesticide quality isooctane or other appropriate solvent and diluting 
to volume in a 100-ml ground-glass-stoppered volumetric flask. The stock 
solution is transferred to ground-glass-stoppered reagent bottles, stored in 
a refrigerator, and checked frequently for signs of degradation or evaporation, 
especially just prior to preparing working standards from them. 

5.5 Mercury: Triple distilled. 

5.6 Hexane: Pesticide residue analysis grade. 

5.7 Isooctane (2,2,4-trimethyl pentane): Pesticide residue analysis 
grade. 

5.8 Acetone: Pesticide residue analysis grade. 

5.9 Oi ethyl ether: Nanograde, redistilled in glass if necessary. 

5.9.1 Must be free of peroxides as indicated by EM Quant test 
strips (Test strips are available from EM Laboratories, Inc., 500 
Executive Blvd., Elmsford, N.Y. 10523). 

5.9.2 Procedures recommended for removal of peroxides are 
provided with the test strips. After cleanup, 20 ml ethyl alcohoi 
preservative must be added to each liter of ether. 

5.10 Florisil: PR grade (60/100 mesh); purchase activated at 12so· F; 
store in glass containers with glass stoppers or foil-lined screw caps. 
Before use, activate each batch at least 16 hr at 130• C in a foil-covered 
glass container. 

6.0 Sample Collection, Preservation, and Handling 

6.1 Grab samples must be collected in appropriately ·cleaned glass 
containers and the sampling bottle must not be prewashed with the sample 
before collection. Composite samples should be collected in refriger­
ated glass containers in accordance with the requirements of the program. 
Automatic sampling equipment must be free of tygon and other potential 
sources of contamination. 

6.2 The samples must be iced or refrigerated from the time of collec­
tion until extraction. Chemical preservatives should not be used in the 
field unless more than 24 hr will elapse before delivery to the laboratory. 
If the samples will not be extracted within 48 hours of collection, the 
sample should be adjusted to a pH range of 6.0-8.0 with sodium hydroxide or 
s uJ_f_v..r:tc_ a c.~ d._ 
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6.3 All samples must be extracted within 7 days and completely analyzed 
within 30 days of collection. 

7.0 Procedures 

7.1 Sample preparation 

7.1.1 Extraction. Extract water samples at a neutral pH with 
methylene chloride as a solvent using a separatory funnel (Method 3510) 
or a continuous liquid-liquid extractor (3520). Extract solid samples 
with hexane:acetone (1:1) using either the Soxhlet extraction (Method 
3540) or sonication procedures (Method 3550). Spiked samples are used 
to verify the applicability of the chosen extraction technique to each 
new sample type. Each sample must be spiked to determine the % recovery 
and the limit of detection for that sample. 

7.1.2 Florisil column cleanup 

7.1.2.1: Add a weight of Florisil (nominally 21 g), pre­
determined by calibration {Section 7.3) to a chromatographic 
column. Settle the Florisil by tapping the column. Add sodium 
sulfate to the top of the Flor1s11 to form a layer 1-2 em deep. 
Add 60 ml of hexane to wet and rinse the sodium sulfate and Florisil. 
Packing the Florisil in a hexane.slurry is an alternative method 
which has proven effective. Just prior to exposure of the sodium 
sulfate to air, stop the elution of the hexane by closing the 
stopcock on the chromatography column. Discard the eluate. Adjust 
the sample extract volume to 10 ml and transfer it from the K-D 
concentrator tube to the Florisil column. Rinse the tube twice 
with 1-2 ml hexane, adding each rinse to the column. 

7.1.2.2 Place a 500-ml K-0 flask and clean concentrator tube 
under the chromatography column. Drain the column into the flask 
until the sodium sulfate layer is nearly exposed. Elute the column 
with 200 ml of 6~ ethyl ether in hexane (Fraction 1) using a drip 
rate of about 5 ml/min. Remove the K-D flask and set aside for 
later concentration. Elute the column again, using 200 ml of 15~ 
ethyl ether in hexane (Fraction 2), into a second K-0 flask. 
Perform the third elution using 200 ml of 50~ ethyl ether in hexane 
(Fraction 3). The elution patterns for the pesticides and PC8's 
are shown in Table 2. 

7.1.2.3 Concentrate the eluates by standard K-0 techniques, 
as described in the referenced extraction procedures, substituting 
hexane for the glassware rinses and using the water bath at about 
85" C. Adjust final volume to 10 ml with hexane. Analyze by gas 
chromatography. 



. · TABLE 2. DISTRIBUTION AND RECOVERY OF CHLORINATED PESriCIDES 
AND PCB's USING FLORISIL COLUMN CHROMATOGRAPHYa 

Parameter 

Aldrin 
a-SHC -6-BHC 
w-BHC -.s.-BHC (Lindane) 
Chlordane 
4,4'-0DD 
4,4'-00E 
4,4'-0DT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endos~lfan sulfate 
Endrin 
Endri n aldehyde 
Heptachlor 
Heptachlor epoxide 
Methoxych 1 or 
Toxaphene 
PCS-1016 
PCS-1221 
PCS-1232 
PCS-1242 
PCS-1248 
PCS-1254 
PCB-1260 

aTaken from reference 1. 

Percent recovery by fract i onb 

1(6%) 

100 
100 

97 
98 

100 
100 

99 
98 

100 
0 

37 
0 
0 
4 
0 

100 
100 
100 

96 
97 
97 
95 
97 

103 
90 
95 

2(15%) 

100 
64 
7 
0 

96 
68 

4 

3(50~) 

91 
106 

26 

bEluting solvent composition given in Section 7.1.2.2. 

8080 I 7 
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7.2 Gas chromatography conditions. The recommended gas chromatographic 
columns and operating conditions for the instrument are: 

Column 1 conditions: Supelcoport 100/120 mesh coated with 1.5% SP-2250/ 
1.95% SP-2401 packed in a 180-cm long x 4-mm I.D. glass column with 
5% Methane/95% Argon carrier gas at 60 ml/min flow rate. Column 
temperature is 200" C. 

Column 2 conditions: Supelcoport 100/120 mesh coated with 3% OV-1 in 
a 180-cm long x 4-mm I.O. glass column with 5% Methane/95% Argon carrier 
gas at 60 ml/min flow rate. Column temperature is 200" C. 

7.3 Calibration 

7.3.1 Establish gas chromatographic operating parameters equiva­
lent to those indicated in Table 1. The gas chromatographic system can 
be calibrated using the external standard technique (Section 7.3.2) or 
the internal standard technique (Section 7.3.3). 

7.3.2 External standard calibration procedure 

7.3~2.1 ·For each parameter of interest, prepare calibration 
standards at a minimum of three concentration levels by adding 
volumes of one or more stock standards to a volumetric flask and 
diluting to volume with isooctane. One of the external standards 
should be at a concentration near, but above, the method detection 
limit. The other concentrations should correspond to the expected 
range of concentrations found in real samples or should define the 
working range of the detector. 

7.3.2.2 Using injections of 2 to 5 ~1 of each calibration 
standard, tabulate peak height or area responses against the mass 
injected. The results can be used to prepare a calibration curve 
for each parameter. Alternatively, the ratio of the response to 
the mass injected, defined as the calibration factor {CF), can be 
calculated for each parameter at each standard concentration. If 
the relative standard deviation of the calibration factor is less 
than 10% over the working range, linearity through the origin can 
be assumed and the average calibration factor can be used in place 
of a calibration curve. 

7.3.2.3 The working calibration curve or calibration factor 
must be verified on each working day by the measurement of one or 
more calibration standards. If the response for any parameter 
varies from the .predicted response by more than +10%, the test must 
be repeated using a fresh calibration standard. -Alternatively, a 
new calibration curve or calibration factor may be prepared for 
that parameter. 

• 
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7.3.3 Internal standard calibration procedure. To use this 
approach, the analyst must select one or mare internal standards similar 
in analytical behavior to the compounds of interest. The analyst must 
further demonstrate that the measurement of the internal standard is 
not affected by method or matrix interferences. Due to these limita­
tions, no internal standard applicable to all samples can be suggested. 

7.3.3.1 Prepare calibration standards at a minimum of three 
concentration levels for each parameter of interest by adding 
volumes of one or more stock standards to a volumetric flask. To 
each calibration standard, add a known constant amount of one or 
more internal standards, and dilute to volume with isooctane. One 
of the standards should be at a concentration near, but above, the 
method detection limit. The other concentrations should correspond 
to the expected range of concentrations found in real samples, or 
should define the working range of the detector. 

7.3.3.2 Using injections of 2 to 5 ~1 of each calibration 
standard, tabulate the peak height or area responses against the 
concentration for each compound and internal standard. Calculate 
response factors (RF) for each compound as follows: 

where: 

As a Response for the parameter to be measured. 

Ais a Response for the internal standard. 

C;s • Concentration of the internal standard in ~g/1. 

c5 a Concentration of the parameter to be measured in ~g/1. 

If the RF value over the working range is constant, less than 10~ 
relative standard deviation, the RF can be assumed to be invariant 
and the average RF can be used for calculations. Alternatively, the 
results can be used to plot a calibration curve of response ratios, 
A5 /A;s against RF. 

7.3.3.3 The working calibration curve or RF must be verified 
on each working day by the measurement of one or more calibration 
standards. If the response for any parameter varies from the 
predicted response by more than +10~, the test must be repeated 
using a fresh calibration standard. Alternatively, a new calibra­
tion curve must be prepared for that compound. 

7.3.4 Florisil standardization. The cleanup procedure described 
in Section 7.1.2 utilizes Florisil chromatography. Florisil from 
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different batches or sources may vary in absorption capacity. To 
determine the amount of Florisil to be used, the absorption capacity of 
each separate batch of Florisil is measured using lauric acid values 
{2). The referenced procedure determines the adsorption from hexane 
solution of lauric acid {mg) per g Florisil. The amount of Florisil to 
be used for each column is calculated by dividing this factor into 110 
and multiplying by 20 g. 

7.4 Gas chromatographic analysis 

7.4.1 Inject 2-5 ~1 of the sample extract using the solvent flush 
technique. Smaller (1.0 ~1) volumes can be injected if automatic devices 
are employed. Record the volume injected to the nearest 0.05 ~1, and 
the resulting peak size, in area units. 

7.4.2 If the peak areas exceed the linear range of the system, 
dilute the extract and reanalyze. 

7.4.3 If peak detection is prevented by the presence of inter­
ferences, further cleanup is required. Before using any cleanup 
procedure, the analyst must process a series of calibration standards 
through the procedure to validate elution patterns and the absence of 
interferences from the reagents. 

7.4.4 Examples of chromatograms for organochlorine pesticides are 
shown in Figures 1-5. 

8.0 Quality Control 

8.1 Before processing any samples, the analyst should demonstrate 
through the analysis of a distilled water method blank that all glassware and 
reagents are interference-free. Each time a set of samples is extracted or 
there is a change in reagents, a method blank should be processed as a 
safeguard against chronic laboratory contamination. The blank samples should 
be carried through all stages of the sample preparation and measurement steps. 

8.2 Standard quality assurance practices should be used with this 
method. Field replicates should be collected to validate the precision 
of the sampling technique. Laboratory replicates should be analyzed to 
validate the precision of the analysis. Fortified samples should be analyzed 
to validate the sensitivity and accuracy of the analysis. If the fortified 
waste samples do not indicate sufficient sensitivity to detect less than or 
equal to 1 ~g/g of sample, then the sensitivity of the instrument should be 
increased or the extract subjected to additional cleanup. Detection limits 
to be used for groundwater samples are indicated in Table 1. The fortified 
samples should be carried through all stages of the sample preparation and 
measurement steps. Where doubt exists over the identification of a peak on 
the chromatograph, confirmatory techniques such as mass spectroscopy should 
be used. 
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8.3 The method detection limit (MOL) is defined as the minimum concen­
tration of a substance that can be measured and reported with 99% confidence 
that the value is above zero. The MOL concentrations listed in Table 1 were 
obtained using reagent water. Similar results were achieved using represen­
tative wastewaters. The MOL actually achieved in a given analysis will vary 
depending on instrument sensitivity and matrix effects. 

8.4 In a single laboratory, using reagent water and wastewaters spiked at 
or near background levels, the average recoveries presented in Table 3 were 
obtained. The standard deviation of the measurement in percent recovery is 
also included in Table 3. 

TABLE 3. SINGLE OPERATOR ACCURACY AND PRECISION 

Average Standard Spike Number 
percent deviation range of Matrix 

Parameter recovery (~) (~g/1) analyses types 

Aldrin 89 2.5 2.0 15 3 
a-BHC 89 2.0 1.0 15 3 
~-BHC 88 1.3 2.0 15 3 
w-BHC 86 3.4 2.0 15 3 
j-BHC (Lindane) 97 3.3 1.0 15 3 
Chlordane 93 4.1 20 21 4 
4,4'-000 92 1.9 6.0 15 3 
4,4'-00E 89 2.2 3.0 15 3 
4,4'-00T 92 3.2 8.0 15 3 
Dieldrin 95 2.8 3.0 15 2 
Endosulfan I 96 2.9 3.0 12 2 
Endosulfan II 97 2.4 5.0 14 3 
Endosulfan sulfate 99 4.1 15 15 3 
Endri n 95 2.1 5.0 12 2 
Endrin aldehyde 87 2.1 12 11 2 
Heptachlor 88 3.3 1.0 12 2 
Heptachlor epoxide 93 1.4 2.0 15 3 
Toxaphene 95 3.8 200 18 3 
PCB-1016 94 1.8 25 12 2 
PCB-1221 96 4.2 55-100 12 2 
PCB-1232 88 2.4 110 12 2 
PCB-1242 92 2.0 28-56 12 2 
PCB-1248 90 1.6 40 12 2 
PCB-1254 92 3.3 40 18 3 
PCB-1260 91 5.5 80 18 3 
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/Method 6%$-&aae/NeutraJ. and Acid. 

1.1 This method cover3 the determination 
of a number of organic compounds that are 
partitioned into an organic solvent and are 
amenable to gas chromatography. The 
parameter3 listed in Tables 1 and Z may be 
qualitatively and quantitatively determined 
usins this method. 

1.2 The method may be extended to 
include the parameter3 listed in Table 3. 
Benzidine can be subject to oxidative losses 
during solvent concentration. Under the 
alkaline conditions of the extraction step, a­
BHC. 1-BHC. endosulfan I and IL and endrin 
are subject to decomposition. 
Hexachlorocyclopentadiene ia subject to 
thermal decompoaition in the inlet of the gas 
chromatograph. chemical reaction in acetone 
solution. and photochemical decomposition. 
N-nitrosodimethylamine Ia difficult to 
separate from the solvent under the 
chromatographic conditions described. N­
nitrosodiphenylamine decomposes in the gas 
chromatographic inlet and cannot be 
separated from diphenylamine. The preferred 
method for each of these parameter3 is listed 
in Table 3. 

1.3 This is a gas chromatographic/mass 
spectrometry (GC/MS] method applicable to 
the determination of the compounds listed in 
Tables 1. 2. and 3 in municipal and industrial 
discharges as provided under 40 CFR 131l.l. 

1.4 The method detection limit (MDL. 
defined in Section 18.1} 1 for each parameter 
is listed in Tables 4 and 5. The MDL for a 
specific wastewater may differ from those 
listed. dependins upon the nature of 
interferences in the sample matrix. 

1..5 Any modification to this method. 
beyond those expressly permitted. shall be 
considered as a major modification subject to 
application and approval ofaltemate test 
procedures under 40 CFR 138.4 and 136..5. 
Depending upon the nature of the 
modification and the extent of intended use. 
the applicant may be required to demonstrate 
that the modifications will produc:a 
equivalent results when applied to relevant 
wastewatar3. . 

1.8 This method is restricted to use by or 
under the supervision of analysts 
experienced in the use of a gas 
chromatograph/mesa spectrometer and in the 
interpretation of mass spectra. Each analyst 
must demonstrate the ability to generate 
acceptable results with this method using the 
procedure desc::ibed in Section 8.Z. 

2. Summary of Method 
2.1 A measured volume of sample, 

approximately 1-L. is serially extracted with 
methylene chloride at a pH greater than 11 
and again at a pH less than Z usins a 
separatory funnel or a continuous extractor. 
The methylene chloride extract is dried. 
concentrated Ia a volume oft mL. and 
analy:ed by GC/MS. Qualitative 
identification of the parameter3 in the extract 
is performed usins the retention time and the 
relative abundance of three characteristic 
masses (m/z). Quantitative analysis is 
performed using""'' · 1 

• intemal 
standard techniques with a single 
characteristic m/z. 

3. Interferences 
3.1 Method interferences may be cawsed 

by contaminants in solvents. reagents. 
glassware. and other sample processing 
hardware that lead to discrete artifacts and/ 
or elevated baselines in the total ion current 
profiles. All of these materials must be 
routinely demonstrated to be free from 
interferences under the conditions of the 
analysis by running laboratory reagent 
blanks aa described in Section 8.1.3. 

3.1.1 Glassware must be scrupulously 
cleaned.' Clean all glasaware as soon as 
possible after use by rinsing with the last 
solvent used in it. Solvent rinsing should be 
followed by detergent washing with hot 
water, and rinses with tap water and distilled 
water. The glassware should then be drained 
dry. and heated in a mutlle furnace at 400 ·c 
for 15 to 30 min. Some thermally stable 
materials. such as PCBa. may not be 
eliminated by this treatment. Solvent rinses 
with ac:atone and pesticide quality hexane 
may be substituted for the muffle Cumac:a 
heating. Thorough rinsing with such solvents 
usually eliminates PCB interference. 
Volumetric ware should nat be heated in a 
muffle furnace. After drying and cooling. 
glassware should be sealed and stored in a 
clean environment to prevent any 
accumulation of dust or other contaminants. 
Store inverted or capped with aluminum foiL 

3.1.2 The use of high purity reagents and 
solvents helps to minimize interference 
problems. Purification of solvents by 
distillation in all-glass systems may be 
required. 

3.2 Matrix interferences may be caused 
by contaminants that are co-extracted from 
the sample. The extent of matrix 
interferences will vary considerably from 
saurc:a to source, depending upon the nature 
and diver3ity of the industrial complex or 
municipality being sampled. 

3.3 The ba .. neutral extraction may 
cause significantly reduced recovery of 
phenol. Z·methylphenoL and 2.4-
dimethylphenol. The analyst must recognize 
that results obtained under these conditions 
are minimum concentrations. 

3.4 The packed gas chromatographic 
coiiiJDDS recommended for the basic fraction 
may not exhibit sufficient resolution for 
certain isomeric pairs including the following: 
anthracene and phenanthrene: chrysene and 
benza( a)anthracene: and 
benzo(b)fluoranthene and 
benzo(k)fluaranthene. The gas 
chromatographic retention time and mass 
spectra for these pairs of compounds are not 
sufficiently different to make an 
unambiguous identification. Altemative 
techniques should be used to identify and 
quantify these specific compounds. such as 
Method 610. 

3..5 In samples that contain an inordinate 
number of interferences. the use of chemical 
ionization (CI) masa spectrometry may make 
identification easier. Tables 8 and 7 give 
characteristic CI ions !or moat of the 
compound. covered by this method. The use 
of CI mass spectrometry to support electron 
ionization (Ell mass spectrometry is 
encouraged but not required. 

-.... 4. Safety. 

4.1 The toxicity or carcinogenicity of ea• 
reagent uaed in this method have not been 
precisely defined: however. each chemical 
compound should be treated aa a potential 
health hazard. From this viewpoint. exposure 
to these chemicals must be reduced to the 
lowest possible level by whatever means 
available. The laboratory ia responsible for 
maintaining a current awareness file of 
OSHA regulations regarding the safe 
handling of the chemicals specified in this 
method. A reference file of material data 
handling sheets should also be made 
available to aU per30nnel involved in the 
chemical analysis. Additional references to 
laboratory safety are available and have 
been identified ... for the information of the 
analyat. 

4.2 The foUowins parameters covered by 
this method have been tentatively classified 
as known or suspected. human or mammalian 
carcinogens: benzo(a}anthracene. benzidine. 
3.3' -dichlorobenzidine. benzo( a )pyrene. a­
BHC. ~-BHC. 6-BHC. y-BHC. 
dibenzo(a.h)anthracene. N­
nitrosodimethylamine. 4,4' ·DOT. and 
polychlorinated biphenyls (PCBs). Primary 
standards of these toxic compounds should 
be prepared in a hood. A NIOSH/MESA 
approved toxic gas respirator should be worn 
when the analyst handles high concentrations 
of these toxic compounds. 

5. Apparatus and Materials 

5.1 Sampling equipment. for discrete or 
compasit sampling. 

5.1.1 Grab sample bottle-1-L or 1·gt. 
amber glass, fitted with a screw cap lined 
with Teflon. Foil may be substituted for 
Teflon if the sample is not corrosive. I! amber 
bottles are not available. protect samples 
from light. The battle and cap liner must be 
washed. rinsed with acetone or methylene 
chloride. and dried before use to minimize 
contamination. 

5.1.2 Automatic sampler (optional}-The 
sampler must incorporate glass sample 
container3 for the collection of a minimum of 
2SO mi. of sample. Sample container3 must be 
kept refrigerated at 4 'C and protected from 
light during compositing. If the sampler uses a 
peristaltic pump. a minimum length of 
compressible silicone rubber tubing may be 
used. before use. bowever. the compressible 
tubing should be throughly rinsed with 
methanol. followed by repeated rinsings with 
distilled water to minimize the potential for 
contamination of the sample. An integrating 
flow meter is required to collect flow 
proportional composites. 

5.Z Glassware (All specifications are 
suggested. Catalog numbers are included for 
illustration only.): 

5.2.1 Separatory funnel-Z-L. with Te!1on 
stopcock. 

5.l.l Drying column-Chromatographic 
column. 19 mm ID. with coarse frit filter disc. 

5.2.3 !Ancentrator tube. J<udema­
Danish-to-ml.. graduated (l<ontes l<-570050-
1025 or equivalent). Calibration must be 
checked at the volumes employed in the test. 
Ground glass stopper is used to prevent 
evaporation of extracts. 
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5.2.4 Evaporative flaek. Kudema· 
Danieb-SOO.mL (J<ontes J<-57001~ or 
equivalent). Attach to concentrator tube with 
spring a. 

5.2..5 Snyder column. J<udema-Danieb­
Three all macro (J<ontee J<-503000-0121 or 
equivalent). 

5.2.6 Snyder column. J<udema·Danieb­
Two-ball macro (J<ontes J<-569001~9 or 
equivalent). 

5.2.7. Vial-10 to 15-mL.. amber glau, 
with Tellon-lined screw cap. 

5.2.8 Continuous liquid-liquid 
extractor-Equipped with Teflon or glass 
connecting joints and stopcocks requiring no 
lubrication. (Hershberg-Wolf Extractor. Ace 
Glaes Company. Vineland. N.J~ P/N 6841-10 
or equivalent.) 

5.3 Boiling chip-Approximately 10/40 
mesh. Heat to 400 ·c for 30 min of Soxhlet 
extract with methylene chloride. 

5.4 Water bath-Heated. with concentric 
ring cover. capable of temperature control 
(::Z"C). The bath should be ueed in a hood. 

5.5 Balanc-Analytical. capable of 
accurately weighing 0.0001 g. 

5.8 GC/MS system: 
5.6.1 Gas Chromatograph-An analytical 

system complete with a temperature 
programmable gas chromatograph and all 
required accessores including syringes. 
analytical columns. and gases. The injection 
port must be designed for on-column injection 
when using packed columns and for splitlese 
injection when using capillary columns. 

5.6..% Column for base/neutral-1.8 m 
long X 2 mm m glass. packed with 3" SP­
t250 on Supelcoport (100/120 mesh) or · 
equivalent. This column was used to develop 
the method performance statements in 
Section 18. Guidelines for the use of alternate 
column packings are provided in Section 13.1. 

5.6.3 Column for acid-1.8 m long x 2 mm 
ID glass. packed with 1" SP-1240DA on 
Supelcoport (100/120 mesh) or equivalent. 
This column was ueed to develop the method 
performance statements in Section 16. 
Guidelines for the use of alternate column 
packings are given in Section 13.1. 

5.6.4 Maas spectrometer-Capable of 
scanning from 35 to 450 amu every 7 1 or leas. 
utilizing a 70 V (nominal) electron energy in 
the electron impact ionization mode, and 
producing a mass spectrum which meets all 
the criteria in Table 9 when 50 ng of 
decafluorotriphenyl phosphine (DF'I'PP: 
bis(perfluorophenyl) phenyl phosphine) is 
injected through the GC inlet. 

5.6.5 GC/MS interface-Any GC to MS 
interface that gives acceptable calibration 
points at 50 ng per injection for each of the 
parameters of interest and achieves all 
acceptable performance criteria (Section 1%) 
may be used. GC to MS interfaces 
constructed of all glass or glass-lined 
materials are recommended. Glase can be 
deactivated by silanizing with 
dichlorodimethylsilane. 

5.6.6 Data system-A computer system 
muet be interfaced to the mass spectrometer 
ltat allows the continuous acquisition and 
?rage on machine-readable media of all 
ass spectra obtained throughout the 

duration of the chromatographic program. 
The computer must have software that allows 
sL•arehing any GC/MS data file for specific 

m/z and plotting such m/z abundances 
versus time or scan number. This type cf plot 
is defined as an Extracted Ion Current Profile 
(EJCP). Software must also be available that 
allows integrating the abundance in any EJCP 
between 1pecified time or IC8n number 
limite. 

41UJagents 

6.1 Reagent water-Reagent water is 
defmed at a water in which an interferent is 
not obterved at the MDL of the parameter-a of 
interett. 

8..2 Sodium hydroxide solution (10 NJ­
Diasolve 40 g of NaOH (ACS) in reagent 
water and dilute to 100 mi.. 

6.3 Sodium thioaulfate-{ACS) Granular. 
8.4 Sulfuric acid (1+1)-Slowly. add 50 

mL of 1-bSO. (ACS. sp. gr. 1.84) to 50 mL of 
reagent water. 

8..5 Acetone. methanoL methlylene 
chloride-Pesticide quality or equivalent. 

6.6 Sodium sulfate-{ACS) Granular. 
anhydrous. Purify by heating at 400 ·c for 4 h 
in a shallow tray. 

6.7 Stock standard solutions (1.00 Ji.g/ 
JI.L)-standard solutions can be prepared 
from pure standard material• or purchased as 
certified solutions. 

8.7.1 Prepare stock standard solutions by 
accurately weighing about 0.0100 g of pure 
material Dissolve the material in pesticide 
quality acetone or other suitable solvent and 
dilute to volume in a 10-mL volumetric flask. 
Larger volumes can be used at the 
convenience of the analyst. When compound 
purity is assayed to be 96" or greater. the 
weight may be used without correction to 
calculate the concentration of the stock 
standard. Commercially prepared stock 
standards may be used at any CQncentration 
if they are certified by the manufacturer or by 
an independent source. 

6.7..% Transfer the stock 1tandard 
aolutions into Tellon-sealed screw-cap 
bottleL Store at 4 •c and protect from light. 
Stock standard solutions should be checked 
frequently {or ai.gnl of degradation or 
evaporation. especially just prior to preparing 
calibration standards from them. 

6.7.3 Stock standard solutions must be 
replaced after six montha. or sooner if 
comparison with quality control checlc 
samples indicate a probelm. 

8..8 Surrogate standard spiking solution-­
Select a minimum of three •urrosate 
compounds from Table a. Prepare a aurrogate 
standard spilcing solution containing each 
selected SIUT"08ate compound at a 
concentration of 100 J1.81 mL in acetone. 
Addition of 1.00 mL of this solution to 1000 
mL of sample il equivalent to a concentration 
of 100 J1.8/L of each surrogate standard. Store 
the spiking solution at 4 •c in Teflon-sealed 
giaas container. The solution should be 
checked frequently for liability. The solution 
must be replaced after six montha. or sooner 
if comparison with quality control checlc 
standards indicates a problem. 

6.9 DFTPP standard-Prepare a 25 Ji.g/ mL 
solution of DFTPP in acetone. 

6.10 Quality control checlc sample 
concentrat-see Section 8.2.1. 

... -~~· 
7. Calibration • ,3-;:~~ 

7.1 Establish gas chromatographic ··: t-'S~ 
operating parameters equivalent to thos~·~. ~~ 
indicated in Tables 4 or 5. . >::'·'.::t.~ 

7..% lntemalstand~rd calibration , . ;~j!;1,! 
procedure-To use th11 approach. the an41yat=:~ 
mutt 1elect three or more internal atanciarda."-:"~ 
that are similar in analytical behavior to·Q:le~~ 
compounds of in ~!Test. The analyst mU.C;;~~ 
fur~er demonstrate that the measuremenror.~~ 
the mtemal stand~rds is not affected by :.~~·,:~;ri 
method or matrix mterferenceL Some.-"~:··~:::..:.< 
recommended internal standards are llli;i~~ 
Table a. Use the base peak m/z a• the~_,_;·-~.~ 
primary m/z ~or quantification of the •· :~~M 
1tandarda. U Interferences are noted. ute. 9ne ,~~ 
of the next two most intense maases for-"'~;;;::.: 
quantification. ·~~-- ~~ 

7 .2.1 Prepare calibration standards a.t ,~;]~i 
minimum of three concentration levels for-::::~,::~ 
each parameter of interest by adding · :\~~ 
appropriate volumes of one or more stoa.':a.~ 
atandards to a volumetric flask. To each <~?;E 
calibration standard or atandard mixture. ~dd ·:;. 
a known constant amount of one or more .-- '-.V..• 
internal standards. and and dilute to volume'c- ., 
with acetone. One of the calibration :: : 
standards should be at a concentration n~,J~_ · i:. 
but above, the MDL and the other .::,~:'. 
concentrations should correspond to the _,::..:.:, 
expected range of concentrations found~--·:::·.: 
real samples or should define the working·. -~:,; 
range of the GC/MS system. ~ ~.;::' 

7..%..% Using injections of 2 to 5 1'1.. anal~·.; -
each calibration standard according to ·. -~ 
Section 13 and tabulate the area of the ·•·,•:··_,::! 
primary characteristic m/z (Tables 4 and 5{'·-.·;. 
against concentration for each compound ani_:;;, 
internal standard. Calculate response factors · . . :. 
(RF) for each compound using Equation 1. · -. -:;. 

Equation 1. · ;~ 

'C:-::?~ 
~ . .:. ·..;.:._:. 

.• J. \" 

·: . . -. 

where: · · ··-: 
A.•Area of the characteristic m/z for the .• '.; 

parameter to be measured. • ··· 
A..•Area of the characteri•tic m/z for the ::;.:: 

internal atandard. ··' ; __ 
C..•Concentration of the internal standard·~ 
~g/L). :· ·'/f. 

C.-Concentration of the parameter to be~::::: 
measured ~g/L). •· ~:::' 

U the RF v Jue over the working range is a ·::: 
constant <35" RSD the RF can be ·'!.fl 
assumed to e invanant and the average RF 
can be used !or calculations. Alternatively. · 
the results can be uaed to plot a calibration . 
curve of response ratios. A./ A,.. vs. RF. :;-
~ The working calibration curve or RF _:.:-·; 
m~e verified ~n each working·day by the ~~ 
measurement of one or more calibration .:; .::, 
standards. U the ra•ponse for any parameter~-;:~ 
varies from the predicted response by more ·~~~~ 
than~ the test must be repeated uning a--~ 
fresh '&ml'ration standard. Alternatively, a ·~'4 
new calibration curve must be prepared for · ::,: 
that compound. · .: 

.. 
8. Quality Control 

8.1 Each laboratory that uses thie method ·:: 
is required to operate a formal quality control ~c 

~~ 

-,_:,..•,.;. 
---·-·..":. 
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program. The minimum requirements of this 
program con1i1t of an initial demon.tration of 
laboratory capability and an ongoing 
analysi1 of spiked sample• to evaluate and 
document data quality. The laboratory must 
maintain reconil to document the quality of 
data that i1 generated. Ongoins data quality 
checkl are compared with establi1hed 
performance criteria to determine if the 
results of analyses meet the performance 
characteristica of the method. When results 
of sample spike• indicate atypical method 
performance. a quality control check 
standard must be analyzed to conrum that 
the measurements were performed in an in­
control mode of operatioa. 

8.1.1 The analyst muat make an initial 
one-time. demonatration of thit ability to 
generate aa:eptable ac:azracy and precision 
with this method. Thi• ability i1 established 
as desc:r.ibed in Section a.:. 

8.1.% In recognition of advances that are 
oc:curiD8 in chromatography, the analyst is 
permitted certain options (detailed in 
Sections 10.8 and 13.1) to improve the 
separations or lower the cost of 
measurements. Each time such a modification 
is made to the method. the analyst is required 
to repeat the procedure in Section a.:. 

8.1.3 Before processins any samples. the 
analyst must analyn a reagent water blank 
to demonstrate that interferences from the 
analytical system and glassware are under 
controL Eac:h time a set of samples is 
extracted or reasents are changed. a reagent 
water blank must be processed as a 
safeguard asainst laboratory contamination. 

8.1.4 The laboratory must. on an ongoing 
basis, spike and analyn a minimum of 5\15 of 
all samples to monitor and evaluate 
laboratory data quality. This procedure is 
described in Section 8.3. 

8.1 • .5 The laboratory must. on an onsoing 
basis. demonstrate throush the analyses of 
quality control check standards that the 
operation of the measurement system is in 
controL This procedure is described in 
Section 8.4. The frequency of the check 
standard analyses is equivalent to 5\15 of all 
samples analyzed but may be reduced if 
spike recoveries from samples (Section 8.3) 
meet all spec:ified quality control criteria. 

8.1.8 The laboratory must maintain 
performance records to document the quality 
of data that is generated. This procedure is 
described in Section 8..5. 

8.2 To establish the ability to generate 
acceptable accuracy and precision. the 
analyst must perform the followins 
operations. 

8.2.1 A quality control (Qq check sample 
concentrate is required containing eac:h 
parameter of interest at a concentration of 
100 ~~og/m!. in acetone. Multiple solutions may 
be required. PCBs and multicomponent 
Pesticides may be omitted from this test. The 
QC check sample concentrate must be 
obtained from the U.S. Environmental 
Protection Agency. Environmental Monitoring 
and Support l-aboratory in Cincinnati. Ohio, 
if available. U not available from that source. 
the QC check sample concentrate must be 
obtained from another extemal source. If not 
available from either source above. the QC 
check sample concentrate must be prepared 
by the laboratory using stock standards 

prepared independently from those used for 
calibration. 

8.2.% Using a pipet. prepare QC check 
samples at a concentration of 100 ~~og/L by 
adding 1.00 .mi. of QC check sample 
concentrate to eac:h of four 1-L aliquots of 
reagent water. 

U3 Analyze the well-mixed QC check 
samples according to the method beginning in 
Section 10 or 11. 

U4 Calc:ulate the average recovery (X) 
in y.g/L. and the standard deviation of the 
recovery (1) in ~~og/L. for each parameter using 
the four results. 

8.2..5 For each parameter compara a and X 
with the corresponding acceptanca criteria 
for precision and ac:azracy. respectively. 
found iD Table 8. Us and X for all parameters 
of interest meet the acceptance criteria. the 
system performance is acceptable and 
analysis of actual samples can begin. U any 
individual 1 excaedl the precision limit or 
any iDdividual X falls outside the ranse for 
accuracy, the aystem performance is 
unacceptable for that parameter. 

Note.-The large number of parameters in 
Table 6 present a substantial probability that 
one or more will fail at least one of the 
acceptance criteria when all parameters are 
analyzed. 

US When one or more of the parameters 
tested fail at least one of the acceptance 
criteria. the analyst must proceed ac:c:ording 
to Section 8.%.8.1 or 8.2.8.2. 

8.%.8.1 Locate and correct the source of 
the problem and repeat the test for all 
parameters of interest beginning with Section 
8.2.2. 

US.% Beginnins with Section 8.2.2. repeat 
the test only for those parameters that failed 
to meet criteria. Repeated failure. however. 
will connrm a general problem with the 
measurement system. If this occurs. locate 
and correct the source of the problem and 
repeat the test for all compounds of interest 
beginning with Section 8.2.2. 

8.3 The laboratory must, on an ongoing 
basis. spike at least 5,. of the samples from 
eac:h sample site being monitored to assess 
accuracy. For laboratories analyzing 1 to 20 
samples per month. at least one spiked 
sample per month is required. 

8.3.1. The concentration of the spike in 
the sample should be determined as follows: 

8.3.1 U. as in compliance monitoring. the 
concantration of a specific parameter in the 
sample is being checked against a regulatory 
concentration limit. the spike should be at 
that llmit or 1 to S times higher than the 
backsround concentration determined in 
Section 8.3.2. whichever concentration would 
be larger. 

8.3.1.% If the concentration of a specific 
parameter in the sample is not being checked 
again.t a limit specific to that parameter. the 
spike should be at 100 ~~og/L or 1 to 5 times 
higher than the background concentration 
determined in Section 8.3.2. whichever 
concentration would be larger. 

8.3.1.3 U it is impractical to determine 
background levels before spiking (e.g .. 
maximum holding times will be exceeded). 
the spike concentration should be (1) the 
regulatory concentration limit. if any; or. if 
none (2) the larger of either 5 times higher 
than the expected background concentration 
or 100 ~~og/L. 

8.3.% Analyze one sample aliquot to 
determine the background concentratio" 
of eac:h parameter. U necessary. prep1 
new QC check sample concentrate (Se. 
U1) appropriate for the background 
concentrations in the sample. Spike a second 
aample aliquot with 1.0 m1. of the QC check 
sample concentrate and analyze it to 
determine the concentration after spiking (A) 
of each parameter. Calculate each percent 
recovery (PJ as lOO(A-8)"/T. where T is the 
known true value of the spike. 

8.3.3 Compare the percent recovery (P) for 
eac:h parameter with the corresponding QC 
acceptance criteria found in Table 8. These 
acceptance criteria were c:alc:ulated to 
include an allowance for error in 
measurement of both the backsround and 
spike concentrations. assuming a spike to 
background ratio of 5:1. This error will be 
accounted for to the extent that the analyst's 
spike to background ratio approaches 5:1. 1 If 
spiking was performed at a concentration 
lower than 100 y.g/L. the analyst must use 
either the QC acceptance criteria in Table 8, 
or optional QC acceptance criteria calculated 
for the specific spike concentration. To 
calculate optional acceptance criteria for the 
recovery of a parameter: (1) calculate 
accuracy (X') using the equation in Table 7, 
substituting the spike concentration (TJ ior C; 
(2) calculate overall precision (S'l using the 
equation in Table 7, substituting X' for X: (3) 
calculate the range for recovery at the spike 
concentration as (100 X' /T) :!:2.44(100 s· r 

8.3.4 U any individual P falls outside 
designated range for reco.very, that pa _, 
has failed the acceptance criteria. A cl. 
standard containing each parameter that 
failed the criteria must be analyzed as 
described in Section 8.4. 

8.4 If any parameter fails the acceptance 
criteria for recovery in Section 8.3. a QC 
check standard containing each parameter 
that failed must be prepared and analyzed. 

NolL-The frequency for the required 
analysis of a QC check standard will depend 
upon the number of parameters being 
simultaneously tested. the complexity of the 
sample matrix. and the performance of the 
lab01'atory. If the entire list of single­
component parameters in Table 6 must be 
measured in the sample in Section 8.3. the 
probability that the analysis of a QC check 
standard will be required is high. In this case 
the QC check standard should be routinely 
analyzed with the spike sample. 

8.4.1 Prepare the QC check standard by 
adding 1.0 mi. of QC check sample 
concentrate (Sections 8.2.1 or 8.3.2) to 1 L oi 
reagent water. The QC check standard needs 
only to contain the parameters that failed 
criteria in the test in Section 8.3. 

8.4.2 Analyze the QC check standard to 
determine the concentration measured (A) of 
eac:h parameter. Calculate each percent 
recovery (Psl as 100 (A/T)\15. where Tis the 
true value of the standard concentration. 

8.4.3 Compare the percent recovery (P.l 
for each parameter with the correspond 
QC acceptance criteria found in Table t.. 
Only parameters that failed the test in 
Section 8.3 need to be compared with these 
criteria. If the recovery of any such parameter 
falls outside the designated range. the 
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laboratory perfonnance Cor that parameter is 
judged to be out of control. and the problem 
must be immediately identified and 
corrected. The analytical result Cor that 
parameter in the unspiked sample is suspect 
and may not be reported for regulatory 
compliance purposes. 

8.5 As part of the QC program for the 
laboratory. method accuracy for wastewater 
samples must be assessed and records must 
be maintained. After the analysis of five 
spiked wastewater samples as in Section 8.3. 
calculate the average percent recovery (fl) 
and the standard deviation of the percent 
recovery (s.J. Express the accuracy 
assessment as a percent interval from P-2s. 
to fl+2s,..l! fl-90'1' and s.-1~ for 
example. the accuracy interval is expresaed 
as 70-1109f.. Update the accuracy 
assessment for each parameter on a regular 
basis (e.g. after each five to ten new accuracy 
measurements). 

8.6 As a quality control check. the 
laboratory must spike all samples with the 
surrogate standard spiking solution 81 
described in Section 10.2. and calculate the 
percent recovery of each surrogate 
compound. 

8.7 It is recommended that the laboratory 
adopt additional quality assurance practices 
Cor use with this method. The specific 
practices that are most productive depend 
upon the needs of the laboratory and the 
nature of the samples. Field duplicates may 
be analyzed to assess the precision of the 
environmental measurements. Whenever 
possible. the laboratory should analyze 
standard reference materials and participate 
in relevant perfonnance evaluation studies. 

9. Sample Collection. Preservation. and 
Handling 

9.1 Grab samples must be collected in 
glass containers. Conventional sampling 
practices • should be followed. except that 
the bottle must not be prerinsed with sample 
before collection. Composite samples should 
be collected in refrigerated glass containers 
in accordance with the requirements of the 
program. Automatic sampling equipment 
must be as free as poasible of Tygon tubing 
and other potential sources of contamination. 

9.2 All sampling must be iced or 
refrigerated at 4 •c from the time of collection 
until extraction. Fill the sample bottles and. if 
residual chlorine is present. add eo mg of 
sodium thiosulfate per liter of sample and 
mix well. EPA Methods 330.4 and 330.5 may 
be used for measurement of residual 
chlorine. • Field test kits are available for this 
purpose. 

9.3 All samples must be extracted within 
7 days of collection and completely analy:ed 
within 40 days of extraction. 

10. SepatTJtory Funnel Extraction 

10.1 Samples are usually extracted using 
separatory funnel techniques. If emulsions 
will prevent achieving acceptable solvent 
recovery with separatory funnel extractions. 
continuous extraction (Section 11) may be 
used. The separatory funnel extraction 
scheme described below assumes a sample 
volume of 1 1... When sample volumes of 2 L 
are to be extracted. use 250. 100. and 100-mL 
volumes of methylene chloride for the serial 

extraction of the base/neutrals and 200. 100. 
and 100-mL volumes of methylene chloride 
for the acids. 

10.2 Marie the water meniscus on the side 
of the sample bottle for later detennination of 
aample volume. Pour the entire sample into a 
2·L aeparatory funnel. Pipet 1.00 mL of the 
surrogate standard spiking solution into the 
aeparatory funnel and mix well. Check the 
pH of the sample with wide-range pH paper 
and adjust to pH>11 with sodium hydroxide 
solution. 

10.3 Add eo mL of methylene chloride to 
the aample bottle. seal. and shake for 30 1 to 
rinse the inner surface. Transfer the solvent 
to the separatory funnel and extract the 
sample by ahalcing the funnel !or 2 min with 
periodic venting to release excess pressure. 
Allow the organic layer to aeparate from the 
water phase for a minimum of 10 min. I! the 
emulsion interface between layers is more 
than one-third the volume of the aolvent 
layer. the analyst must employ mechanical 
techniques to complete the phase separation. 
The optimum technique depends upon the 
sample. but may include stirring. filtration of 
the emulsion through glass wooL 
centrifugation. or other physical methods. 
Collect the methylene chloride extract in a 
250-mL Erlenmeyer flask. If the emulsion 
cannot be broken (recovery or less than eo% 
of the methylene chloride. corrected for the 
water solubility of methylene chloride). 
transfer the sample. solvenL and emulsion 
into the extraction chamber of a continuous 
extractor and proceed as described in Section 
11.3. 

10.4 Add a second 60-mL volume of 
methylene chloride to the sample bottle and 
repeat the extraction procedure a second 
time, combining the extracts in the 
Erlenmeyer flask. Perfonn a third extraction 
in the same manner. Label the combined 
extract as the base/neutral fraction. 

10.5 Adjust the pH of the aqueous phase 
to less than 2 using sulfuric acid. Serially 
extract the acidified aqueous phase three 
times with 60-mL aliquots of methylene 
chloride. Collect and combine the extracts in 
8 250-mL Erlenmeyer flask and label the 
combined extracts as the acid fraction. 

10.6 For each fraction. assemble 8 

Kudema-Danish (lC-D) concentrator by 
attaching a 1o-mL concentrator tube to a soo­
mL evaporative flask. Other concentration 
devices or techniquea may be used in place of 
the K-D concentrator if the requirements of 
Section 8..2 are met. 

10.7 For each fraction. pour the combined 
extract through a solvent-rinaed drying 
column containing about 10 em of anhydrous 
sodium sulfate. and collect the extract in the 
K-D concentrator. Rinse the Erlenmeyer flask 
and column with 20 to 30 mL of methylene 
chloride to complete the quantitative transfer. 

10.8 Add one or two clean boiling chips 
and attach a three-ball Snyder column to the 
evaporative flaak !or each fraction. Prewet 
each Snyder column by adding about 1 mL of 
methylene chloride to the top. Place the K-D 
apparatus on a hot water bath (eo to 65 "C) so 
tha 1 the con centra tor tube is partially 
immersed in the hot water. and the entire 
lower rounded surface of the flask is bathed 
with hot vapor. Adjust the vertical position of 
the apparatus and the water temperature 81 

required to complete the concentration in·tj:-i.~­
to 20 min. At the proper rate of distilbtion-u;~ 
balls of the column will actively chatter but~!'-~ 
the chambers will not flood with condensed·~;{,::.; 
solvent. When the apparent volume of liquid~2'¢ 
reaches 1 mL. remove the K-D apparatUS;$~;"-· 
from the water bath and allow It to drain -~na.~~ 
cool Cor at least 10 min. Remove the Snyiiei~~~ 
column and rinse the flask and ita lower_ jomi1.~ 
into the concentrator tube with 1 to 2 mL of~"J..,: 
methylene chloride. A 5-mL syringe is ' ::.;?t[l::.'"?i 
recommended for this operation. '.~ .. <~:~./ 

~0.9 Add another one or two clean bam~·:.:~~ 
ch1ps to the concentrator tube for each .. '~~~~,.;; 
fraction and attach a two-ball micro-Snyd~~~ 
column. Prewet the Snyder column by adding~ 
about 0.5 mL of methylene chloride to the top'f$ 
Place the K-D apparatus on a bot water biilh:.?.::! 
(eo to 65 "C) so that the concentrator.tube.is:~~~ 
partially immersed in hot water. Adjust thl!f~~ 
vertical position of the apparatus and the':.;,~_;,;-.:1;: 
water temperature as required to complete}~!; 
the concentration In 5 to 10 min. At the ;·:~:Z~'"f 
proper rate of distillation the balls of th·e-:;.~·:;~~ 
column will actively chatter but the chaml:i;r:;~~, 
will not flood with condensed solvenL Wheli.~;·: · 
the apparent volume of liquid reaches about:..s~:: 
0.5 mL. remove the K-D apparatus from the.:~:~ 
water bath and allow it to drain and cool for.·.:::~ 
at least 10 min. Remove the Snyder column::~?'':: 
and rinse the flask and its lower joint into the~. ~ 
concentrator tube with approximately 0.2 1111:·:~".: 
of acetone or methylene chloride. Adjust the=-~'' 
final volume to 1.0 mL with the solvenL .. · _._;;_.· 
Stopper the concentrator tube and store-- ,;7:· 
refrigerate~ if ~er processing will not be;~~~ 
perfonned unmed1ately. I! the extracts will be· 
stored longer than two days. they should be~::.:: 
transferred to Teflon-sealed screw-cap vials -·:." 
and labeled base/neutral or acid fraction as·.· 
appropriate. ·'<>·;. . 

10.10 Detennine the original sample ·/X~~ 
volume by refilling the sample bottle to the~£-::% 
marie and transferring the liquid to a 1000-mL d 
graduated cylinder. Record the sample · ,~:,c;;' 
volume to the nearest 5 mL. .-

11. Continuous Extraction 
11.1 When experience with a sample from .:·, 

a given aource indicates that a aerious -:~~.,i 
emulaion problem will result or an emulsion: 
is encountered using a aeparatory funnel in - .: 
Section 10.3. a continuoua extractor should be.-~ 
used. · ··.~i 

11.2 MarJe the water meniscus on the side":>~ 
of the aample bottle for later detennination of'~ 
sample volume. Check the pH of the sample ;. . i 
with wide-range pH paper and adjust to pH ' ·_ 
> 11 with sodium hydroxide solution. :..-~---:;~­
Transfer the sample to the continuous 
extractor and using a pipet. add 1.00 mL of. .. __ 
surrogate standard spiking solution and mix 
welL Add eo mL of methylene chloride to the 
sample bottle, aeal. and shake for 30 s to ~.' 
rinse the inner surface. Transfer the solvent • 
to the extractor. ·.- , · o:< 

11.3 Repeat the sample bottle rinse with >3 
an additional SO to 100-mL portion of · ;.': •! 
methylene chloride and add the rinse to the·;-~; 
extractor. .:' .. · 

11.4 Add 200 to 500 mL o( methylene .: 
chloride to the distilling flask. add sufficient · \ .. 
reagent water to ensure proper operation. · 
and extract for 24 h. Allow to cool. then 
detach the distilling flask. Dry. concentrate;,-: '~ 
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and aeal the extract aa iD Section• 10.6 
tbtOUgh 10.9. 

ll.S Olarse a clean distilling flaale with 
500 mL of methylene chloride and attach it to 
the continuous extractor. Carefully, wbile 
Jtitrina. adjuat the pH of the aqueous phase 
to lesa than .Z using auJturic acid. Extract for 
24 h. Dry, concentrate. and seal the extract as 
ill Sections 10.6 through 10.9. 

12. Daily CC/MS Perfonnana Tesu 
1.Z.l At the beginning of each day that 

analyses are to be performed. the CC/MS 
system must be checked to see if acceptable 
performance criteria are achieved for 
Df1"PP· •• Each day that benzidine Ia to be 
determined. the tailing factor criterion 
described iD Section 1.Z.4 muat be achieved. 
Each day that the acids are to be detennined, 
the tailfn8 factor criterion iD Section U.S 
must be achieved. 

u..z Theae performance testa require the 
followtng iDatrumental parameten: 

Electron Energy: 70 V (nominal) 
Maaa Range: 3S to ~ amu 
Scan Time: To give at least 5 scans per 

peale but not to exceed 1 s per scan. 
1.2.3 CF1'PP performance test-At the 

beginning of each day. inject 2 )loL (50 ngJ of 
OFi"PP standard solution. Obtain a 
background-corncted mass spectra of CFTPP 
and conf"um that all the key m/z criteria in 
Table 9 are achieved. Jf all the criteria are not 
achieved. the analyst must retune the maas 
spectrometer and repeat the test until all 
criteria are achieved. The performance 
criteria must be achieved before any samples, 
blanb. or standards are analyzed. The tailing 
factor tests iD Sections 1.Z.4 and 1%.S may be 
performed simultaneously with the CFTPP 
test. 

1.Z.4 Column performance test for base/ 
neutrals-At the beginning of each day that 
the base/neutral fraction is to be analyzed 
for benzidine. the benzidine tailing factor 
must be calculated. Inject 100 ng of benzidine 
either separately or as a part of a standard 
mixture that may contain CFTPP and 
calculate the tailing factor. The benzidine 
tailing factor must be less than 3.0. 
Calculation of the tailing factor is illustrated 
in Figure 13.11 Replace the column packing if 
the tailing factor criterion cannot be 
achieved. 

12.S Column performance test for acids­
At the beginning of each day that the acids 
are to be determined, inject SO ng of 
pentachlorophenol either separately or aa a 
part of a standard mix that may contain 
DFTPP. The tailing factor for 
pentachlorophenol must be less than 5. 
Calculation of the tailing factor is illustrated 
in Figure 13.11 Replace the column packing if 
the tailing factor criterion cannot be 
achieved. 

13. Gas Chromatography/Mass Spectrometry 
13.1 Table 4 summarizes the 

recommended gas chromatographic operating 
conditions for the base/neutral fraction. 
'!'able 5 summarizes the recommended gas 
chromatographic operating conditions 'for the 
acid fraction. Included in these tables are 
retention times and MDL that can be 
achieved under these conditions. Examples of 
the separations achieved by these columns 

are shown In Figures 1 through 1.Z. Other 
paclced or capillary (open-tubular) columna or 
c:hromatographic conditions may be used if 
the requirementa of Section S..Z are met. 

13.% After conducting the GC/MS 
performance teats iD Section U. calibrate the 
1ystem daily aa described in Section 7. 

-13.3 if Yta 'Ahn 1 s'nnda-d sa'ihv'inn 
pnCAdue ia lsei::s sud. the intemelstandard 
muat be added to sample extract and mixed 
thoroughly immediately before injection into 
the iDatrument. This procedure minimizes 
loaaea due to adsorption. chemical reaction or 
evaporation. 

13.4 Inject .Z to 5 )loL of the sample extract 
or studard iDto the GC/MS system using the 
solvant-fiuah technique ... Smaller (1.0 )loLl 
volumes may be injected if automatic devices 
are employed. Record the volume injected to 
the nearest 0.05 ~ 

13.5 II the respo.a.e for any m/z exceeds 
the worJdnt range of tha GC/MS aystem. 
dllute the extract and reanalyze. 

13.6 Perform all qualitative and 
quantitative measurementa as described in 
Sections 14 and 15. When the extracts are not 
being used for analyses. store them 
refrigerated at 4•c, protected from light in 
screw-cap vials equipped with unpierced 
Teflon-lined septa. 

14. Qualitative Identification 
14.1 Obtain EICPs for the primary m/z 

and the two other masses listed in Tables 4 
and 5. See Section 7.3 for masses to be used 
with iDtemaJ and surrogate standards. The 
following criteria must be met to malee a 
qualitative identification: 

14.1.1 The characteristic masses of each 
parameter of interest must maximize in the 
same or within one scan of each other. 

14.1.% The retention time must fall within 
:t30 s of the retention time of the authentic 
compound. 

14.1.J The relative peale heighu of the 
three characteristic masses in the EICP! must 
fall within :t20" of the relative intensities of 
these masses in a reference mass spectrum. 
The reference masa spectrum can be obtained 
from a standard analyzed in the GC/MS 
system or from a reference library. 

14.% Structural isomers that have very 
similar mau spectra and less than 30 s 
difference in retention lima. can be explicitly 
identified only if the resolution between 
authentic isomers in a standard mix is 
acceptable. Acceptable resolution is achieved 
if the bueiine to valley height between the 
iaomers is less than 25~ of the sum of the two 
peak heights. Otherwise. structural isomers 
are identified as isomeric pairs. 

15. Calculations 
15.1 When a parameter has been 

identified. the quantitation of that parameter 
will be based on the integrated abundance 
from the EICP of the primary characteristic 
m/z in Tables 4 and 5. Use the base peale m/z 
for intemal and surrogate standards. If the 
sample produces an interference for the 
primary m/z. use a secondary characteristic 
m/z to quantitate. 

Calculate the concentration in the sample 
using the response factor (RF) determined in 
Section 7 ..Z..Z and Equation 3. 

Equation 3. 

(A,J(t.) 
Concentration (p.g/L)a _...;_.;;.,;...;;.__ 

(A,.)(RF')(V .l 

where: 
A.•Area of the characteristic m/z for the 

parameter or surrogate standard to be 
measured. 

A.•Area o{ the characteristic m/z for the 
intemal standard. 

I.•Amount of intemal standard added to 
each extract (p.gJ. 

v •• volume of water extracted (L). 
15..Z Report results in p.g/L without 

corTeCtton for recovery data. All QC data 
obtained should be reported with the sample 
results. 

14 Method Performance 

111.1 The method detection limit (MDL) is 
defined aa the minimum concentration of a 
substance that can be measured and reported 
with 911" confidence that the value is above 
zero.' The MDL concentrations listed in 
Tables 4 and 5 were obtained using reagent 
water. IJ The MDL actually achieved in a 
given analysis will vary depending on 
instrument sensitivity and matrix effects. 

18.% This method was tested by 15 
laboratories using reagent water. drinking 
water. surface water. and industrial 
wastewaters spiked at six concentrations 
over the range 5 to 1300 JloSIL. •• Single 
operator precision. overall precisian. and 
method accuracy were found to be directly 
related to the concentration of the parameter 
and essentially independent of the sample 
matrix. Linear equations to describe these 
relationships are presented in Table 7. 

17. Screening Procedure for 2.3.7,8-
Tetrocitlorodibenzo-p-dioxin (2.3,7,8- TCDD) 

17.1 If the sample must be screened for 
the presence o{ 2.3.7.8-TCCD. it is 
recommended that the reference material not 
be handled in the laboratory unless extensive 
safety precautions are employed. II is 
sufficient to analyze the base/neutral extract 
by selected ion monitoring (SIMJ CC/MS 
techniques. as follows: 

11.1.1 Concentrate the base/neutral 
extract to a final volume of 0.2 mJ. 

17.1.% Adjust the temperature of the base/ 
neutral column (Section 5.8.2) to Z20 'C. 

17.1.J Operate the mass spectrometer to 
acquire data in the SIM mode using the ions 
at m/z 257. 3%0 and 32% and a dwell time no 
greater than 333 milliseconds per mass. 

17.1.4 Inject 5 to 7 JloL of the base/neutral 
extract. Collect SIM data for a total of 10 min. 

11.1.5 The possible presence of Z.3.7.8-
TCDC is indicated if all three masses exhibit 
simultaneous peaks at any point in the 
selected ion current profiles. 

17.1.6 For each occurnnce where the 
possible presence of 2.3.7.8-TCCC ia 
indicated. calculate and retain the relative 
abundances of each of the three masses. 

11.2 False positives to this test may be 
caused by the presence of single or coeluting 
combinations of compounds whose mass 
spectra contain all o{ these masses. 

17.3 Conclusive results of the presence 
and concentration level of Z.3.7.8-TCCD can 
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be obtained only from a properly equipped 
laboratory through the use of EPA Method 
813 or other approved alternate test 
procedures. 
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TABLE 1.-BASEINEIJTRAl !:xTRACTABLES 

~ STOA£T ~No. No. ,_ ___ 
34205 113-32-i 

~ 3o&200 20&-8&-t 
34220 120-12-7 

-'-· 311330 ~ 
Benzol a~ :M52e 56-55-3 
Benlolbl~ 34230 205-88-2 
ilenzolk~ 34242 207~ 
Bento( a~ 34247 50-32-l! 
llento(gllo.,_,._. 34521 1111-24-2 = llUIYI .,._. 

342112 l$-ll8-7 
311331 31a-65-7 

I-8HC 342511 31 ......... 
a;.(2~ 3427'3 111~ a;.(2-clllco __ ,,.....__ 

34278 111-81-1 
~2~M-------- 311100 117-l!1-7 
a;.(2~----- 342113 1~1 

4-810ihiljji•lfl P'*¥-- :1436 101-55-3 
CNclrdMa 311350 57-74-8 
2-0llcloo--. :M511 111-56-7 

4o011UiUCII•Ifl Ill*¥ ---
:M&I1 7005-72-3 

c:rw-,..... 34320 218-01-i 
•• 4'.000 311310 72-~ 
4,C'.()CE 311320 72-55-i 

'·"'.QOT 311300 ~ 
OillerczoC&JI,.,._. 3ol55e 53-70-3 
~ 311110 ....... 74-2 
1.3-0id·--· 3oiSM Sol1-7')..1 
1.2-0i:NDI-••• :M531 •so-l 1,ol-Oid .. ___ 

3ol57'1 1Cl&-46-7 3.3"-0K:f·--· 3oet1 111-114-1 
Dieldrin 311310 ~-1 
~piiiiMM 3ol33l ~ 
o;.,_..,. .....,_.. 30&1 131-11-3 
2.~ :MI11 121-14-2 
2.~ 3oiGII ~ 
OWOCI'j ........ USN 117........0 
e-.... 3CS1 1031~-ll 

TABLE 1.-BASE/NEUTRAL ExTRACT ABL£S-. 
Continued .::>·;.~ ~ 

a •• ,"_ 

...,_ STORET CAS No,): -·~ ,;. . 

E--.yde 

~ 
~ ...,_._. 
Hnad"*:wobalZfN .. 
~ 
Hew:Noo~ 
i.-.o(1~ 
~ ,_,._ Nilr--· 
PC&-1011 
PC8-1ZZ1 
PC&-1232 
PC&-1242 
PC&-12 .. 
PC&-1254 
PC8-1211Q 
""-••IIVww ,.,._ 
T~ 
1,2.o&-TriCNor--• 

F'eMiel ........... 

~~~~~; .. ;;~;-;.;.,.;,:::::::~ 

No. 

3Qe& 

3ol371 
34311 
311ol10 
311420 
311700 
343111 
3ol3lll 
34ol03 
34'01 
3ol&lll 
3ol447 
.)4421 
~1 

3114111 
3114112 
311481 
311500 
3II$Oo4 
311508 
34oll1 
3oWe8 
3llolOO 
34551 

34452 
3o&586 
3<1601 
3o6eoe 
3-6811 
:Me$7 
3o&5111 
3o66'e 
311032 
~ 
3o&&21 

.1 

7421~ 
:·~ 

·. 11-73-t 
78-.w...a 

1024-67~. 
.11&-7'-1 

17..e&-3 
57-72-1 

1113-:Ja..& 
~1 
~~~ 
··~· 

· 1121...._T 
1257'-1~ 
11104-~ 
11141"'1W· 
~· 
12572-a.t 
110G7-i: 
110M-12-&· 

15-Ct ... 
. :. 12J..<JG.o 
8001~ 

. 1ZG-:G~1~ .. 

-·~' 

85-67 ... -
1~.--

1~ ... -
. 51-21-5 ·. 

53oi-62-1. 
.81-7s-;6: 

..1~-7:: 
··57-~·L· 
1~-

86-0W~~ 

TABLE 3.-AoomONAL. ExTRACT ABt.£ ; :;::_=.~ 
PARAMETERS • -.~4::/; 

.. -JloS..r' 
I-SHC-------1 
~~·-----! 
Etoaa.ubn ""-----! 
Endm 
~OCflal*ollidiw.a­
Na.'• 0 c • ...,..,.,. -
...... :!lool•• .... •-

STOAET 
No. 

112-17 -a .. a · · 
31-.... .,., .. -
~-ace: 
~ .·,101. 

3321~ ...... ~ 
72~ .-.a~ 
T7-47-4 ... 12 .;_ 
82-75-i ~ ea7 .• 

81-31Jo.C. . "-.~ .... : 
-·· 

• See Section 1.Z. . ! .::r.~~~~ 

TABLE 4.--cHROMATOGRAPHIC C0NOmONS, METHOD DETECTION l.JMITS, AND CHARAcTERISTIC MASSES FOR BASE/NEUTRAl.. ExTRAcn'~·,!';;~~;;_ __ _.> :!:-:· 

~ loleiiiOd ...,_ -- -· (lninJ --Uo9/U 

1.3-0 cr•-••• 7.4 1.11 
1.4-0ocl•--· 7.1 4.4 __,..,.,. u u 
llil(2<1 .. 0111ifl}- .. , 5.7 
1,2-0i:NDI-IZW .. .., u 
llil(2-ct .. = ~~- t.3 5.7 
N-NiWowodi ~ 

-~~~-- 11.1 u 
~ 11." Q.t 
1,2.o&-T~ 11.8 t.t 
~ 11.t u ,__. 12.1 1.6 
&.(2---..,J-- 12.2 5.3 
1-iiOOOC,.OOperi_ ... 13.t 
2~ ts.t u 
.t.c.l .. Utrytel• 17.4 3.5 

a.---
Eleclnlro iml>eCI 

Pmowy ~ , 
1 .. 1 .. 
1 .. , .. 
117 201 
t3 S3 , .. 1 .. 
•s TT 

130 42 
TT 1ZI 

225 2ZI 
110 182 
82 15 

121 1211 
t3 15 

237 Zl5 
182 1&1 
152 151 

~ , 
113 
113 
tee 
15 

113 
7'11 

101 
e5 

%%7 
145 
131 
127 
1ZI 
272 
127 
153 

--
1 .. 
1 .. 
18e 

113 
1 .. 
TT 

12C 
%23 
1e1 

. 1311 
1211 
e5 

Zl5 
1113 
152 
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TABU 4.-CHAOMATOGRAPHIC CoNDmONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC MASSES FOR BASE/NEUTRAl. EXTI'IACTABI..E~ 
Continued 

,_..,.,.,., .. 
~~~------------------------------------------~ 
~~-----------------------------------------------; 
~--------------------------------------------------~ 
~op··~~~------------------------------------------~ 
~~-------------------------------------------1 ~ 
Nwl'i• :ta,.,.,•••••·--------------------------------1 
1 taswo:Norotwaazw• 
~·-
..S.o•••lfl piWifl ~'---------------------------------~ &-SHC· 
~--------------------------------------------~ 
~--------------------------------------------~ 
~--------------------------------------------, &-SHC------------------------------------------------1 
~------------------------------------------------~ ~~~--~---------------------------------------------1 
~~--------------------------------------------1 
=~··---------------------------------------------------~--1 
~------------------------------------------------~ 
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30.11 
l1.5 
l1.5 
32.2 
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34.9 
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34,4 

42.7 
43.2 
45.1 

u 
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7.1 

111.5 
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4.5 
~5 
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1.1 

;~~~·-· 
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m 
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1

: ·;;;~ 
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CouM COO'CiilloN: ~ (1001120 .....,.., COM8d- l"Jio SP-2250 packed ift a 1.1 m IOnq X 2mm 10 glaA c:aiUmll-,...., ~;as at 30 mL/ITWI /low rate. Colum" 
,..._..,. ,_-at so 'C 1or 4 mn. "*' 111091•••'* • a 'CI.- ca 210 ·c - ,_ 1or 30 ,.._ 

TABU 5.-CHROMATOGRAPWIC CoNOITIONS. METHOD DETECTION UMITS, AND CHARAC'l'CRISTIC MASSES FOR ACID !:xTRACTASI..ES 

~ac:c-IIC rna-
"- t.leiN:Id I 

"-- lion- -· El«tron ,_ 
I o.m.:a. -'"'"'" ,,_, lion-

~ I Secorld- I Secorld- ' 
i {169/L) Malft. Mecn. I Yetn. 

' ,., I .,., I 
.,. i .,. .,., 

5.91 I ! I I I 
2-Q,""- J.l 128 ~ 130' 129 131 I 157 
2-Ni.._ 11.5 I 3.11 1311 15 1011 ' 140 ISS 122 
""'"-·- a.o 1.5 94 15 ,~I 95 123 ll5 
2.4-"" 9.4 ~7 122 107 123 151 1113 
2.~ u ~7 1112 1~ gel 1113 1115 1 
2.4.5-T~ 11.8 ~7 1911 198 

~I 
197 199 • 4-Q,~ 112 3.0 142 107 143 171 i 1! 

2 .•. o;,.~""· 15.9 42 1~. 113 IS. I 185 213 ! -·· 22c 
~-fS.ojjo··~IQI ··-· 11.2 2~ 198 I 1112 n: 199. 227' 239 
~. 17.5 3.11 ~I 284 2M: 2e7 I 2e5 I zeg .. ~ ........ .... ··- 20.:31 ~· 139 1011 I 140 i t158 i 122 

I I 

. ..., Column >:anditiOM: s.-- (100/120 _, coated ...cn I '!I. SP·12400A l>edled ., a 1.1 m IOnq • 2mm 10 giMe counn...., ,_,.,.- gu oc 30 "'!./""" /low roca. C.,...m" 
-.1\wa ,_ - at 70 'C lor 2 """ cr-. lli'09"...,.._ ac a ·c;.- 10 200 ·c. 
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TABLE 6.-QC ACCEPTANCE CI=IITERIA-METHOD 625 

P.- T.m--. Limlla tor • (j.o/ A-. lor xu.ot 
U.OIU u LJ 

100 2'7.1 10.1-t32.3 
100 «1.2 53..5-12t..O 
100 31.0 7.2-152.2 
tOO 32.0 43 • ._111.0 
100 2'7.1 41.&-t33.0 
tOO 31.1 U.O..t«<.4 
tOO 32.3 25.2-t-s.7 
100 31.0 31.7-1~.0 
100 51.8 0.185.0 
100 23.4 0.131.8 
100 31.5 41..5-130.8 
100 21.1 0.100.0 
100 55.0 U.8-t21.0 
100 3-4.5 48.2-164.7 
100 .u II:U-131.1 
100 41.1 21.8-131.1 
100 23.0 S..t-114.4 
100 13.0 S...S..113.5 
100 33.4 31.._1<14.7 
100 4&.3 64.1-131U 
100 31.0 0.13-4.5 
100 32.0 11.2-118.7 
100 11.1 0.170.1 
100 70.0 0.11111.7 
100 11.7 .. ._111.0 
100 30.8 41.1-112.0 
100 41.7 11.7-153.8 
100 32.1 37.3-105.7 
100 71.4 1.2-212.5 
100 30.7 <14.3-118.3 
100 21.5 0.100.0 
100 23.2 0.100.0 
tOO 21.8 47..5-1~.8 
100 2U 18.1-131.7 
100 31.4 11.1-131.8 
100 11.7 0.103.5 
100 32.5 0.118.1 
100 32.1 U....t21.3 
100 20.7 71.1-101.4 
100 37.2 0.172.2 
100 54.7 70.8-1011.4 
100 2U 7.&-141.5 
100 ~ 37.1-102.2 
100 24.5 55.2-100.0 
100 44.1 0.150.8 
100 13.3 ~.1-110.2 
100 30.1 35.1-118.8 
100 31.3 54.3-1!7.1 
100 55.4 13.1-187.8 
100 54.2 11..3-121.0 
100 20.1 15.2-101.7 
100 25.2 81.1-100.0 
100 21.1 !7.3-128.2 
100 37.2 40.1-12'7.1 
100 21.7 31.2-120.4 
100 21.4 52.5-121.7 
100 21.1 41.&-101.0 
100 41.1 0.172.8 
100 113.2 53.0..100.0 
100 35..2 45..0..181.7 
100 47.2 13.o-101.5 
100 41.1 31.1-151.1 
100 22.1 18.1-100.0 
100 31.7 52.._128.2 

TABLE 7. METHOD AccuRACY AND PRECISION AS FUNCTIONS OF CoNCENTRAnO-METHOO 625 

P.-
N:altat:y, .. Sin9le.,..,.,... 

'-tX'Uoo! ~ .. ·u.ot 
u 

O.IIC+O..II o.tslt-0.12 
O.IIIIC+0.74 o..zd-1.oa 
0.71C+1.18 027lt-1.28 
o.eoc ... o.l8 0.21!-0.32 
o.eac-o..eo o. t sl +0.113 
O.I:IC-1.80 0.22lt+0.43 
0.87C-1.51 0.11li+1.03 
O.IIOC-0.13 O..zzlt+O.~ 
o.eec-o.ae o.zelt + 2 . .a 
O.IIC-1.18 o.1ei.o.a. 
0.87C-O.a.t o.20lt-o.se 
O.ZIC-1.01 0.3-4l + o.ae 
O.IIC-1.54 0.35~-0.118 

··-·~··:-

5-tt2 ·; 
37-144.:·.'· 

o-..a PNCiliM·. 
s· U.O'LJ -

.. ---. 
0.21lt-U7 
o.zel-o.54 
o.43lt+1 .. 13 
om -o.a. 
o..zai-0.2! 
0.28l+o.ee 
0..15lt+0.40 
0.3~+1.35 
O.Stlt-0.44 
0.53:i+0.82 
0.30X-I.a.& 
O.II:IX-0. 17 
0.3slt+0.1C 

.·:a 
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TABLE 7. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CoNCENTRATION-METHOD 625-Continued 

,..,__ 

·s.2-d1101__,.,.,..,.,.., _____ 
·•·2~----· 
>'2....,.._.,.~ 
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:or'\IOf'Or'le •..•••• -···················-···----··------1;:;ntnat.,.. ________________________ 

·rooenz.,. ·-········-··--·· 
~~.tr~. 

:3-1260 .. 
enantnrene .•. --.. 
rene .... __ 
,_ •. r~. 
:~·01'0-~--
:~IO<OQnenOI ....... ---· 
--voc:tl~ .......... -... 
'·"""",nvt~-------, .CJ,,..~rogneno~ _______ 

·.•e<nyl-4.-•aaoo•IOI. __ ,,_ 
·~·-··--"'f~. 

:,not·-·--·--· 
:s..r-.--

X' •Elrocteol ,_.,lOt.,. 01,. _,_of 1 -....-.;I_...__ a/ C. n -.giL. 
s.·-e..o.aec~ ""9'• -lySt ·-_...,..a/ __ , ...... -.qe -.ollanlound all( .. J141L. 
S' •Elroc!MI .,,_,._...,., ...,.,_ -bOn of - II Ill -.qe concentn11101'1 lound of X, n J141L. 
r;- r,... v- lOt me cone-·-- .. ,.q/L. 
X •A-.,.· ..__., found lor -of ~ c:ar'll..-..g 1 ---a/ C. III'9'L. 

iAS(.E B.-SUGGESTED INTERNAL AND 

SURROGATE STANDARDS 

.. .._ ________ _ 
-~~--------
·zo~~ ... __ 
. Vobooh 100CA .. .,.. 

·,~ 

:atiUOI.,...,.~ ·----·--· 
-~ .. ---· 
~ ............. _ .. ___ _ 
~ ................. .. 
~ ...... -....... _ .. 
;nr~---····--·····--······ 
:oenzw....a. .. - ........ - ......... . 
U.s..P...taft~. 

·~··-·--··--.. 
~-------· 

TABLE 9.-DFTPP KEY MASSeS AND 
ABUNDANa ~ITERIA miZ--

51 30-«1 .,.._ a/ - IM. 
ee ~-z..-o~-• 
70 L.- ,_ 2 .,.._ a/ - •. 

127 ..o-«1 .,.._ a/ - 1M. 
117 l.-!lwt 1-ai-IM. ,. a-,.._100 __ _ 

1111 5-e-oi-IM. 
m tQ.30..-..oi-1M. 
385 Gt.Nr ...... 1 -of ...... 1M. 
441 "'-t 0U1 - 11\111 ,._ '"3. 
442 Gt••• ...... 40 - ol - 198. 
-643117-23 - ol ,.... .uz. 

IIIUJNQ COOlE --

I Aco.Jnt:y • .. Single~ 
reco-y. )(' (joQI ~ .... (joQI 

Ll L) 

1.12C-5.04 O.ld+I.:W 
1.03C-U1 0.2d+0.211 
0.&4C-1.11 0.2d+0.73 
O.IIIC-I.:W 0.13X+O.ee 
O.liC+0.01 0.0~+D.52 
O.IIIC+0.53 0.20ll-o.a. 
0.113C-1.00 0.211x + o. 13 
O.S«:-0 . ..0 o.zsli:-0.32 
0.70C-0.54 O.ld-1.17 
0.7ac-3.21 0.~+0.111 
0.18C+ •. 72 o.30X+I.5t 
O.SiC+0.71 0.13X+I.tl 
O.IOC+0.211 0.20X+0.47 
O.MC-0.70 om.o.ee 
0.73C-U7 0.2d+0.23 

1.23C- 12.85 0.2IIJl + 7.33 
o.12C-o.te 0.20X-0.18 
0.43C+I.OO 0.2d+U4 
0.20C+1.03 0.54X+0.11 
0.82C-4.11 0.12l+1.08 
t.OIC-3.80 O.ld+t.211 
0.78C-0.711 0.21X+1.11 
0.3ac+O.•t 0.12l+2.47 
0.71C-3.58 O.llll+:Ut 
Q.IIC+1.10 0.22Jl-0.73 
O.IOC-0.00 0.12l+0.211 
O.I7C-Z.97 0.2d-0.55 
O.I2C-1.87 0.33li:-o .... 
o.74C+O.ee O.td-0.10 
o.71C-1.01 o.t9X+0.92 

·-- 0.73C-0.83 0.17lC+0.87 
--·- 0.71C-3.10 I 0.29X+I.45 .. _ 

1.12C+I.41 I o.z~.o.n _ __ , __ 
0.71C+ 1.58 0.2tli:-0.41 

.-.. ·- 1.09C-3.05 0.19X+0.92 
1.12C-e.22 0.2~+0.58 

O.IIC- 10.58 0.35X+3.51 
o.a7C-o.oe 0.12l+0.57 
0.54C-0.11 O.ld+O.OI 
0.94C-O. 711 0.15X+0.55 
0.14C+0.35 0.23~+0.75 
0.71C+0.29 0.1sX+1.45 
0.17C+0.13 O.ISX+ 1.25 

·--- 0.71C+•.41 0.18X+ 1.21 
O.IIC-18.04 o.38X+2.3e 
1.04C-21.04 0.10ll+42.29 
1.07C-1.15 0.1d+1.a. 
O.I1C-1.22 o.38lt+2.57 
0.113C+I.M 0.24X+3.03 
0.43C+1.28 0.2d+0.73 
UIC-0.18 0.1U+2.22 

161 

O..al~. 
s- (I.Q/L) 

O.ld+Z.OI 
0.25X+ 1.04 
0.3eX+0.57 
O.lllll+O.ee 
0.13X+O.~ 
0.30li:-o .... 
o.33X-0.09 
0.66X-O.M 
0.39X-1.04 
O.IISX-0.58 
O.SIIX+0.25 
0.31X+0.50 
0.2d+0.3t 
0.41X+0.11 
0.29ll+0.3e 
0.47X+3.45 
o.2d-o.o1 
o.52X+0.22 
I.O!ix-0.92 
0.21X+1.50 
O.tiiX+0.35 
0.3~+1.111 
0.83i-t.03 
0.73X-0.52 
o.zali:-0.150 
o.t3X+0.51 
O.SOX-0.23 
0.28X+0.114 
0.43li:-o.52 
0.211X+0.•9 
O.I7X+0.50 
O.SOX+O . .u 
o.33X + 0.211 
0.30li:-o.ee 
0.27X+0.2t 
o . .uX+0.47 
0.43X+1.52 
0.15X+0.25 
0. 1sX+0.31 
0.2tX•0.39 
0.29X+ 1.31 
0.28X+0.97 
0.21X+1.28 
0.22it+1.31 

0.4zX+25.29 
0.211x + 23. 1 o 
0.27ll+Z.50 
o . .ui+3.24 
0.30lt+4.33 
0.35X+0.58 
0.22X+ 1.81 
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ta.t)!M: l~ SP-22SO.ON SUPELCOPORT 
I'ROGaAM: sn-c FOR 4' MIN. 8-t/MIN TO 270-t 
DETECTOR: MASS .SPECTROMETER 

m/z-m 

m/z•l75 

m/z•l73 

18 lO ~ ~ ~ a ~ u ~ 

RETENTION TIME, MIN. 

Figure 4. Gas chromatogram of chlordane. 
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COLUMN: l% SP-2250 ON SUPEtCOf'ORT 
PROGRAM: SOOC FOR 4 MIN, SOC/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

ml z -35 TO 450 

m/z•2JJ 

m/z•2J1 

m/z•153 

Z2 

RETENTION TIME. MIN. 

Figure 5. Gas chromatogram of toxaphene. 



Federal Register I Vol. 49, No. 209 I Friday. October 26. 1984 I Rules and Regulations 1< 

COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM: 50-t FOR 4 MIN. 8°C/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

m/z•JS TO 450 

mlz•2!4 

m/z•260 

m/z•224 

11 26 30 

RETENTION TIME, MIN. 

Figure 6. Gas chromatogram of PCB-1 016. 
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COlUMN: 3% SP-225a ON SUPElCOPORT 
PROGRAM: 500C FOR 4 MIN. SOC/MIN TO 2700C 
CETECTOR: MASS 5nCTMUETER 

mlz •35 to 450 

m/z-=250 

mlz •224 ------------------ -----

m/z •190 

24 30 

RETENTION TIME. MtN • 

Figure 7. Gas chromatogram of PCB-1221. 
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11 20 

COLUMN: l" SP-2250 ON SUPaCOPORT . 
PROGRAM: SOOC FOR 4 MIN, SOC/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

m/z•260 

m/z•224 

m/z•190 

22 24 28 28 30 32 

RETENTION TIME, MIN. 

Figure 8~ Gas chromatogram of PCB-1232. 



170 Federal Register I Vol. 49, No. 209 I Friday, October 26. 1984 I Rules and Regulations 

COlUMN: 3" SP-2250 ON SUPaCOPORT 
PROGRAM: SOOC FOR 4 MIN. SOC/MIN TO 2700C 
DETECTOR: IIASS SPECTROMETER 

18 

RETENTION TIME. MIN 

m/z•35 TO 450 

o/z•260 

m/z•224 

lO l2 

Figure 9. Gas chromatogram of PCB- 1 242. 
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COLUMN: 3% SP-22~ ON SUPEtCOPORT 
PROGRAM: SOOC FOR 4 MIN. SOC/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

m/z•JS TO 4~ 

fiiiZ•l30 

IIIIZ•2!4 

18 2D %Z 24 211 %8 30 ~ 

RETENTION TIME. M\N. 

Figure 10. Gas chromatogram of PCB-1248. 
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COLUMN: = SP-22$1 ON SUPaCOPORT 
PJiQGRAM: 500C FOA·4 MIN. lee/MIN TO 27n-t 
DETECTOR: IIASS SP!CTROMETER 

m/z•35 TO 450 

m/z•3JO 

~ ~ ~ ~ ~ ~ ~ ~ 

RETENTION TIME. MIN. 

Figure 11. Gas chromatogram of fiCB-1254. 
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COLUMN: 3" SP-2250 ON SUPEL.COPORT 
PROGRAM: SOOC FOR 4 MIN. SOC/MIN TO 2700C 
DETECTOR: MASS SPECTROMETER 

mlz-<15 TO 450 

~n/z •3G2 

m/z•lJO 

11 20 

RETENTlON TIME, MIN. 

Figuf'e 12. Gas chromatogram of PCB-1260. 
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TARING FACTbfl•li 

Ell~e calcuJation: Peak Height= De= 100""" 
10% Peillk Heipc •10 •10""" 
Peak Widtft at 10% Jleak Height= AC = 23 mm 

A8:11IMI 
BC:12 mm 

• 
Thetef01e: Tailing Fae10r =!!, :1.1 

11 

Figure 13. Tailing factor calculation. 
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METHOD 8150 

CHLORINATED HERBICIDES 

1.0 Scope and Application 

1.1 Method 8150 is a gas chromatographic (GC) method for determining 
certain chlorinated acid herbicides in groundwater and waste samples. 
Specifically, Method 8150 may be used to determine the following compounds: 

2,4-D 
2,4-DB 
2,4,5-T 
2,4, 5-TP 
Dalapon 
Dicamba 
Dichloroprop 
Di noseb 
MCPA 
MCPP 

Since these compounds are produced and used in various forms (i.e., acid, 
salt, ester, etc.), the method includes·a hydrolysis step to convert the 
herbicide to the acid form prior to analysis. 

1.2 When Method 8150 is used to analyze unfamiliar samples, compound 
identifications should be supported by at least one additional qualitative 
technique. This method describes analytical conditions for a second gas 
chromatographic column that can be used to confirm measurements made with the 
primary column. Section 8.3 provides gas chromatograph/mass spectrometer 
(GC/MS) criteria appropriate for the qualitative confirmation of compound 
identifications. 

1.3 This method is restricted to use by or under the supervision of 
analysts experienced 1 n the use of gas chromatography and in the i nterpr·e­
tation of gas chromatograms. Only experienced analysts should be allowed to 
•ark with diazomethane due to the potential hazarqs associated with its use 
(exp 1 os i ve, carcinogenic). 

2.0 Summary of Method 

Method 8150 provides extraction, esterification and gas chromatographic 
conditions for the analysis of chlorinated acid herbicides in water and waste 
samples. Spiked samples are used to verify the applicability of the chosen 
extraction technique to each new sample type. The esters are hydrolyzed with 
Potassium hydroxide and extraneous organic material is removed by a solvent 
•ash. After acidification, the acids are extracted with solvent and converted 
to their methyl esters using diazomethane as the derivatizing agent. After 
excess reagent is removed, the esters are determined by gas chromatography 
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::~~-~~;;; 
employing an electron capture detector, microcoulometric detector, 0 ~~:} 
electrolytic conductivity detector (2). The results are reported as~t.~! 

acid :~~iv~:n:::sitivity of Method 8150 usually depends on the lev:ii~ 
interferences rather than on instrumental limitations. Table 1 lists.:~th 
limits of detection that can be obtained in wastewaters in the absenca·::c 
interferences. Detection limits for a typical waste sample would be~I::::::: 
significantly higher. :-_;,.::. . 

.. :~-~~~ 
. -:~- ;.:.'-~l;;_?_~ 

. ~/]1i 
""'!--~~ 

: < ~,_~··(--
-:....-. 

TABLE 1. CHROMATOGRAPHIC CONDITIONS AND DETECTION 
LIMITS FOR METHOD al50 IN WASTEWATER 

:""-":_", 
.;. __ 

Parameter Col. la 

Dicamba 1.2 
2,4-0 2.0 
2,4,5-TP 2.7 
2,4,5-T 3.4 
2,4-08 4.1 
Dalapon 
MCPP 
MCPA 
Oi ch 1 oroprop 
Di noseb 

acolumn conditions are 

:.. .· 

----------
Retention time (min)a 

Col. lb Column 2 Column 3 

Estimate(t 
detection:, 
limit (ll9/} ---

1.0 
1.6 
2.0 
2.4 

3.4 
4.1 
-4.8 

11.2 

as fallows: 

--

5.0 

1.0 
1.0 
0.1 
0.1 
1.0 
1.0 

200 
200 

1.0 
0.1 

.:.:~.;.:. 
-~~- ~~.:.:· 

;·~.; 

:o. .. : 
'·-..,;.:; 

Column la conditions: 95: Argon/5: Methane carrier gas as a flow rate c 
70 ml/min. Column temperature isothermal at las· C. 

Column lb temperature: 
10./min. 

. . 

140. c for 6 min and then programmed to zoo· c a 

- :· ;:,.;-,.­
Column 2 conditions: 95: Argon/5: Methane carrier gas at a flow rate:·o, 
70 ml/min. Column temperature isothermal at las· C. ;:~~:~ 

-- -- .... --- .-.;--t;,~:·~ 

Column 3 conditions: UHP Nitrogen carrier gas at a flow rate of 25 m11c 
-. \.-r• -

Column temperature programmed from 100· C to 1so· c at 10./min. ~~~-__ .:-~~=-
-. .:--.-
: ~;::. _· 

'9'>· :.: .. :._~ 
:.._,:.:...:-:_ 
--~ 

. ~~·;_ 
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3.0 Interferences 

3.1 Method interferences may be caused by contaminants in solvents, 
reagents, glasswa~ and other sample processing hardware that 1 ead. to di scret 
artifacts or elevated baselines in gas chromatograms. A11 these materials 
must be routinely demonstrated to be free from interferences under the 
conditions of the analysis by running laboratory reagent blanks as described 
1 n Section 8.1. 

3.1.1 Glassware must be scrupulously cleaned. Clean all glassware 
as soon as possible after use by rinsing with the last solvent used in 
it. This should be followed by detergent washing with hot water and 
rinses with tap and distilled water. The glassware should then be 
drained dry and heated in a muffle furnace at 400" C for 15 to 30 min. 
Some thermally stable materials such as PCS's may not be eliminated by 
this treatment. Solvent rinses with acetone and pesticide quality 
hexane may be substituted for the muffle furnace heating. Volumetric 
ware should not be heated in a muffle furnace. After drying and 
cooling, glassware should be sealed and stored in a clean environmer· 
to prevent any accumulation of dust or other contarni nants. Store 
inverted or capped with aluminum foil. · 

3.1.2 The use of high purity reagents and solvents helps to 
minimize interference problems. Purification of solvents by disti11atic 
in all-glass systems may be required. 

3.2 Matrix interferences may be caused by contaminants that are 
coextracted from the sample. The extent of matrix interferences will vary 
considerably from waste to waste, depending upon the nature and diversity of 
cne waste being sampled. 

3.3 Organic acids, especially chlorinated acids, cause the most 
~irect interference with the determination. Phenols, including chloropheno1s, 
~Y also interfere with this ~rocedure • 

. 3.4 Alkaline hydrolysis and subsequent extraction of the basic solution 
removes many chlorinated hydrocarbons and phthalate esters that might other~is: 
Interfere with the electron capture analysis • 

. 3.5 The herbicides, being strong organic acids, 
•lkaline substances and may be lost during analysis. 
•nd glass wool must be acid-rinsed and sodium sulfate 
Sulfuric acid prior to use to avoid this possibility. 

react readily ~itn 
Therefore, glass~are 
must be acidified wi~n 

• 3.6 Before processing any samples, the analyst should demonstrate dai ·/ 
~hrough the analysis of an organic-free water or solvent blank that the 
ent1re analytical system is interference-free. Standard quality assurance 
~ractices should be used with this method. Field replicates shou1d be 
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J 
collected to validate the precision of the sampling technique. Laborato~~~ 
replicates should be analyzed to validate the precision of the analysis.-'~:~£: 
Fortified samples should be analyzed to validate the accuracy of the anal~; 
yses. Where doubt exists over the 1 dent i fi cation of a peak on the gas · -~?:'W: 
chromatogram, confirmatory techniques such as mass spectroscopy should be~-6f: 
used. Detection limits for groundwater and EP extracts are given in Tabl.e,1 
Detection limits for these compounds in wastes should be set at 1 ~g/g •. :~· 

4.0 Apparatus and Materials ;~ 
4.1 Glassware (all specifications are suggested. Catalog numbers·'~1~ 

included for 111 ustrati on only). -~~~-

4.1.1 Separatory funne 1 : 2000-ml , with Teflon stopcock. Zr~, 
~~~~~;;: 

4.1.2 Drying column: Chromatographic column 400 mm long x 
19 mm I.D. with coarse frit. 

. ~ .. .- -
._.:~:_~ 
--.~~~~­
·:::~~ 

--i~-~1:·. 
4.1.3 Chromatographic column: 300 mm long x 10 mm I.O. with ,~~~ 

coarse fri tted disc at bottom and ·Teflon stopcock. ~~~~2::,;-
··~~ 

4.1.4 Concentrator tube, Kuderna-Dani sh: 10-ml , graduated. -'i~:d2:.:.•. 
Ca 1 i brat ion must be checked at the vo 1 umes emp 1 eyed in the test. · ~~7~~.;:: 
Ground-glass stopper is used to prevent evaporation of extracts. -~~ 

·f~£ 
4.1.5 Evaporative flask, Kuderna-Oanish: 500-ml. Attach to~ 

concentrator tube with springs. ~t;_;~ 
::~ 

4.1.6 Snyder column, Kuderna-Oanish: three-ball macro. ---~· 

4.1.7 Snyder column, Kuderna-Oanish: two-ball micro. 

4.1.8 Vials: Amber glass, 10- to 15-ml capacity with Teflon~~, 
11 ned screw-cap • ~<& 

{~ 
--~--4.1.9 Erlenmeyer flask: Pyrex, 250-ml with 24/40 ground-,j~~ 

glass joint. ~-~~,...,..: :··· 4.2 Boiling chips: approximately 10/40 mesh. Heat to 4oo· C for~$~ 
30 min or Soxhlet extract with methylene chloride. :~! 

-4.3 Oiazald Kit: recommended for the generation of diazomethan~~~~ 
(available from Aldrich Chemical Co., Cat. No. 210,025-2). =:;; ~=" 

:~~~te~fl 
4.4 Water bath: Heated, with concentric ring cover, capable o~~;~~ 

temperature control (+2. C). The bath should be used in a hood. ·t.~~t - ,~ -~-~~75~t:: 
·.;~::::: 

4.5 Glass wool: Acid washed. ~~~~ 

~~li* 
-~~2\:: 



4.6 Balance: Analytical, capable of accurately weighing to the 
nearest 0.0001 g. 

4.7 Pipet: Pasteur, glass, disposable (140-mm x 5-mm I.D.). 

8150 

4.8 Gas chromato9raph: Analytical system complete with gas chromato­
graph suitable for on~cotumn injection and all required accessories including 
syringes, analytical columns, gases, detector and stripchart recorder. A 
data system is recommended for measuring peak areas. 

4.8.1 Column 1: 180 em long x 4 mm I.O. glass, packed with 1.5~ 
SP-2250/1.95~ SP-2401 on Supelcoport (100/120 mesh) or equivalent. 

4.8.2 Column 2: 180 em long x 4 mm I.O. glass, packed with 5~ 
OV-210 on Gas Chrom Q (100/120 mesh) or equivalent: 

4.8.3 Column 3: 180 em long X 2 mm r.o. glass, packed with 0.1~ 
SP-1000 an 80/100 mesh Carbopak C or equivaTent. 

4.8.4 Detector: Electron capture. This detector has proven 
effective in the analysis of wastewaters for the parameters listed in 
Section 1.1. Guidelines for the use of alternate detectors are previa 
in Section 7.4. 

4.9 Wrist Shaker: Burrel Model 75 or equivalent. 

5.0 Reagents 

5.1 Reagent water: Reagent water is defined as a water in which an 
fnterferent is not observed at the method detection limit of each parameter 
of interest. . 

5.2 Sodium hydroxide solution (10 N): Dissolve 40 g NaOH in reagent 
water and dilute to 100 ml. 

5.3 Sulfuric acid solution (1:1): Slowly add SO ml HzS04 
(sp. gr. 1.84) to 50 ml of reagent water. 

5.4 Sulfuric acid solution (1:3): Slowly add 1 part HzS04 
{sp. gr. 1.84) to 3 parts reagent water. 

5.5 Hydrochloric acid: (ACS) Mix 1 part of concent~ated acid with 
9 Parts distilled water (v/v). 

5.6 Potassium hydroxid~ solution: 37~ aqueous solution (w/v). 
Prepare with reagent grade potassium hydroxide pellets and distilled water. 
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5.7 Acetone, hexane, toluene, methanol: Pesticide quality o 
equivalent. 

5.8 Oiethy'l ether: Nanograde, redistilled in glass 1f necessa 
Must be free of peroxides as indicated by EM Quant test strips (ava.i 
from Scientific Products Co., Cat. No. P1126-8, and other supplie · 
Procedures recommended for removal of peroxides are provided with 
strips. After cleanup, 20 ml ethyl alcohol preservative must be ad 
each liter of ether. 

5.9 Sodium sulfate: (ACS) Granular, acidified as follows: 
100 g sodium sulfate with enough di ethyl ether to just cover the so ·,~·'i~GU"i~&." 
add 0.1 ml of concentrated sulfuric acid. Remove the ether under a vc 
Mix 1 g of the resulting solid with 5 ml of reagent water and measure 
of the mixture. It must be below pH 4. Store at 130" C. Several 1 
purification may be required in order to reduce background phthalate-1 
an acceptable level: (1) Heat 4 hr at 400" C in a shallow tray, (2 
at 450-400" C in a shallow tray, (3) Soxhlet extract with methylene 
for 48 hr. 

5.10 Carbitol (diethylene glycol monoethyl ether). 

5.11 N-methyl (-N-nitroso-p-toluenesulfonamide (Diazald): 
purity available from Aldrich Chemical Co. 

5.12 5~ acidified Na2S04: Use 50 g of acidified anhydrous 
Na2S04 to every 1000 ml distilled H20. 

5.13 Stock standard solutions (1.00 Jlg/Jll): Stock standard sol 
can be prepared from pure standard materials or purchased as certifi. 
solutions. 

-
5.13.1 Prepare stock standard solutions by accurately .. we 

about 0.0100 g of pure acids. Dissolve the material in pestic;1J. !~~~~~~ 
diethyl ether and dilute to volume in a 10-ml volumetric flask· 
volumes can be used at the convenience of the analyst. If c:ontOOIJn 
purity is cert 1fi ed at 96~ or greater, the weight can be used.: 1~~~~ correction to calculate the concentration of the stock standarc 
Commercially prepared stock standards can be used at any concent 
if they are certified by the manufacturer or by an independe~t;. ~ii~C 

5.13.2 Transfer the stock standard solutions into Teflon 
screw-cap bottles. Store at 4" C and protect from light.·.:.St~tkJ~~~~~~ 
standard solutions should be checked frequently for signs ·of~~-:~~··: ::?!~~;·~~i1oiffff 
or evaporation, especially just prior to preparing calibrat 
from them. 
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5.13.3 Stock standard solutions must be replaced after 1 week, 
or sooner if comparison with check standards indicates a problem. 

5.14 Oiazomethane solution: Follow generator kit instructions. Store 
reezer in glass bottle stoppered with cork. Check for deterioration. 

Sample Collection, Preservation, and Handling 

6.1 Grab samples must be collected in glass containers. Conventional 
ling practices should be followed; however, the bottle must not be 
insed with sample before collection. Composite samples should be collected 
efrigerated glass containers in accordance with the requirements of the 
ram. Automatic sampling equipment must be as free as possible of Tygon 
other potential sources of contamination. , 

I • 
6.2 The samples must be iced or refrigerated at 4• C from the time of 

; ection until extraction. 

6.3 All samples must be extracted within 7 days and completely analyzed 
in 30 days of extraction. 

Procedures 

7.1 Sample preparation 

7.1.1 Solid extraction 

7.1.1.1 Thoroughly mix moist solids and weigh an amount of 
wet sample equivalent to 50 g of dry weight into 500-ml wide-mouth 
Erlenmeyer flasks. 

7.1.1.2 Acidify solids with reagent grade concentrate~ 
hydrochloric acid using 2-3 ml to pH 2. Allow to stand for 15 
min with occasional stirring until the pH remains below 2. Add 
more acid if necessary. 

7.1.1.3 Add 20 ml of acetone to each flask containing the 
acidified sample and clamp the stopper in place. Mix the contents 
of the flasks for 20 min using the wrist-action shaker. Add 
80 ml of redistilled ethyl ether to the same flasks and shake 
again for 20 min. 

7.1.1.4 Decant the extracts into 2-liter separatory 
funnels containing 250 ml of 5: acidified sodium sulfate. !f an 
emulsion forms, slowly add 5 g of acidified sodium sulfat~ (anhydrou, 
until the solvent-water mixture separates. A quantity of acidified 
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sodium sulfate equal to the weight of the sample may be added if 
necessary. 

7.1.1.5 To ensure adequate recovery, measure the volume 
extract into a graduated cylinder at each decanting step before 
adding the extract to the separatory funnel. If the recovered 
volume is not better than 75~, an additional extraction must be· 
conducted. 

7.1.1.6 Check the pH to ensure that it remains below 2. 
If the pH is not below Z, add more hydrochloric acid until stabi_· 
Add ZO ml of acetone to each Erlenmeyer flask containing the ·· 
sediment and shake on the wrist-action shaker for 10 min. Again, 
add 80 ml of ethyl ether, shake for 10 min and decant extract in: 
their respective separatory funne 1 s. Repeat this step once rnore, 
collecting the acetone-ether extracts in the funnels containing: 
5~ acidified sodium sulfate solution. 

7.1.1.7 Gently mix the content of each separatory funnei 
for about 1 min and allow the layers to separate. Collect the:~:. 
aqueous phase in a clean beaker and the extract (top layer) in a.· 
500-ml ground-glass Erlenmeyer flask. Reext ract the water 1 ayer 
with Z5 ml of ethyl ether. Allow the layers to separate and -
discard the aqueous layer. Combine the ether extracts in the 
respective Erlenmeyer flasks. --

~-

---
7.1.1.8 Add 30 ml of distilled water to the extract inJ 

Erlenmeyer flasks and refrigerate. Note: This is a good stoppij1 
point or~ if time permits, continue to step 7.1.1.12. -

7.1.1.9 Add 5 ml of 37~ (w/w) aqueous potassium hydroiic 
and boiling chips to ihe extract in the flask and fit them with~ 
one-ball Snyder column. Evaporate the ethyl ether on the steam:':'-~ 
bath and cent 1 nue to heat for 90 min. _-::£~ 

7.1.1.10 Remove the flasks from the steam bath, allow~~~ 
to cool, and transfer the water sol uti ens to lZS-ml separatorj'~' 
funnels. Extract the basic solutions once with 40 ml and thert~~-~ 
twice with ZO ml of redistilled ethyl ether. Allow sufficien_t-~:_-::.: 
time for the layers to separate, and discard the ether layer ea~~ 
time. Note: This is a solvent cleanup step. The phenoxy ac~~:-::-~ 
herbicides remain soluble in the aqueous phase as potassium~/fm_. 

1 t 
- ..... , --. 

sa s. _ ,< :;~-~::.: 
_;l~:~-f; 

7.1.1.11 Add 5 ml cold 25: (v/v) sulfuric acid to the,,;<~~~-­
contents of each funne 1 to adjust the pH to 2. Be sure to ch~Cl.:­
the pH at this point. Extract the herbicides once with 40 ml_:~a?~ 
two more times with 20 ml of ethy 1 ether. _-;',~gf:: 

_;~:i~~-
:d~~~1f 
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7.1.1.12 Collect the ether extracts in 125~n1 Erlenmeyer 
flasks containing 1.0 g of acidified anhydrous NazS04. Stopper 
and a11ow the extracts to remain in contact with the acidified 
Na2S04. Store the samples overnight 1n the refrigerator. 
Note: This is a good stopping point. 

7.1.1.13 Concentrate extract and perform esterification, 
starting with step 7.2.2.7. 

7.1.2 Liquid extraction 

7.1.2.1 Mark the water meniscus 
bottle for later determination of sample 
sample into a 2-liter separatory funnel. 
range pH paper and adjust to pH less than 
(1:1). 

on the side of the sample 
volume. Pour the entire 

Check the pH with wide-
2 with sulfuric acid 

7.1.2.2 Add 150 ml diethyl ether to the sample bottle, 
seal, and shake 30 sec to· rinse the walls. Transfer the solvent 
into the separatory funnel. Extract the sample by shaking the 
funnel for 2 min with periodic venting to release excess vapor 
pressure. Allow the organic layer to separate from the water 
phase for a 1ninimum of 10 min. tf the emulsion interface between 
the layers is more than one-third the size of the solvent layer, 
the analyst must employ mechanical techniques to complete the phase 
separation. The optimum technique depends upon the sample, but may 
include stirring, filtration of the emulsion through glass wool, or 
centrifugation. Drain the water phase into a 1-liter Erlenmeyer 
flask. Then collect the extract in a 250-ml ground-glass Erlenmeyer 
flask containing 2 ml of 37~ aqueous potassium hydroxide. Approxi­
mately 80 ml of the diethyl ether will remain dissolved in the 
aqueous phase. 

7.1.2.3 Extract the sample two more times using 50 ml of 
diethyl ether each time. Combine the extracts in the Erlenmeyer 
flask. (Rinse the 1-liter f}ask with each additional aliquot of 
extracting solvent.) 

7.1.2.4 Add lor 2 clean boiling chips to the 250-ml 
flask, add 15 ~1 distilled water, and attach a three-ball Snyder 
column. Prewet the Snyder column by adding 1 ml diethyl ether to 
the top. Place the apparatus on a hot water bath (sa· to 65" C), 
such that the bottom of the flask is bathed in the water vapor. 
Although the diethyl ether will evaporate fn about 15 min, continue 
heating for a total of 60 min, beginning from the time the flask is 
Placed in the water bath. Remove the apparatus and let stand at 
room temperatur~ for at least 10 min. 
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7.1.2.5 Transfer the solution to a 60-ml separatory 
using 5 to 10 ml of distilled water. Wash the basic solution 
by shaking for 1 min with 20-ml portions of diethyl ether. - ·'~""";,__,. 
the organic phase. The herbicides remain in the aqueous pha~ 

~~~ 
7.1.2.6 Acidify the contents of the separatory funne 

pH 2 by adding 2 ml of cold (4. C) sulfuric acid (1:3). Test ... _.· .. ·_ •. , .. ~,~ 
pH indicator paper. Add 20 ml diethyl ether and shake vigorou 
for 2 min. Drain the aqueous layer into the 250-ml Erlenmeye 
then pour the organic layer into a 125-ml Erlenmeyer containin · 
about 0.5 g of acidified anhydrous sodium sulfate. Repeat · 
extraction twice more with 10-ml aliquots of diethyl ether, c -~~~· 
bining all solvent in the 125-ml flask. Allow the extract to· 
remain in contact with the sodium sulfate for approximately 2 

7.1.2.7 Transfer the ether extract, through a funnel 
plugged with acid-washed glass wool, into a 500-ml Kuderna-Oan · 
flask equipped with a 10-ml concentrator tube. U~e liberal wa .,!!gs 
of ether. Use a glass rod to crush any caked sod1 urn sulfate ~~( 
the transfer. ~~~-

-~~;. 
7.1.2.8 Add 1 to 2 clean boiling chips to the flask an!~ 

attach a three-ball Snyder column. Prewet the Snyder column by.:~~_£ 
adding about 1 ml diethyl ether to the top. Place the K-0 appa~~i 
on a hot water bath (so· to ss· C) so that the concentrator tube~"$~: 
partially immersed in the hot water, and the entire lower roun~~~ 
surfa~e of the flask is bathed in vapor. Adjust the vertic~l~~ 
posit1on of the apparatus and the water temperature as requ1red~~ 
to complete the concentration in 15 to 20 min. At the proper:;ra;et 
of distillation, the balls of the column will active1y chatterljt)ijt:~ 
the chambers will not flood. When the apparent volume of liquid~f 
reaches 1 ml, remove the K-0 apparatus and allow it to drain f.q~:~ 
at least 10 min while cooling. ~ 

=~:~~~: 
7.1.2.9 Remove the Snyder column and rinse the flaslcang]};~ 

its lower joint into the concentrator tube with 1 to 2 ml of~~ 
diethyl ether. Final volume should be 4.0 ml. The sample is ~nO!,~ 
ready for derivatization with diazomethane to form methyl es~e~J! 

·.:~· 

7.1.3 Esterification ~i~ 

7.1.3.1 The diazomethane derivatization (1) procedure~~~~: 
described below will react efficiently with all of the chlorin!~~j~ 
herbicides described in this method and should be used only by.~ 
experienced analysts, due to the potential hazards associated ~i!~: 
its use. Oiazomethane is a carcinogen and can explode under-~~2 
certain conditions. The following precautions should be take~:,:~~ 

~~ 
~;J~! 
·- ~=,'..t.;...la;_ 
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• Use a safety screen. 

• Use mechanical pipetting aides. 

• Do not heat above go· C - EXPLOSION may result. 

1 Avoid grinding surfaces, ground-glass joints, sleeve 
bearings, glass stirrers - EXPLOSION may result. 

• Store away from alkali metals - EXPLOSION may result. 

• Solutions of diazomethane decompose rapidly in the 
presence of solid materials such as copper powder, 
calcium chloride, and boiling chips. 

7.1.3.2 Instructions for preparing dfazomethane are provided 
with the generator kit. 

7.1.3.3 Add 2 ml of diazomethane solution and let sample 
stand for 10 min with occasional swirling. 

7.1.3.4 Rinse inside wall of ampule with several hundred 
~1 of ethyl ether. Take sample to approximately 2 ml to remove 
excess diazomethane by allowing solvent to evaporate spontaneously 
(room temperature). 

7.1.3.5 Dissolve residue in 5 ml of hexane. Analyze by 
gas chromatography. 

7.2 Gas chromatography conditions 

7.2.1 The recommended gas chromatographic column materials and 
operating conditions for the instrument are: 

Parameter 

Oicamba 
2,4-0 
2,4,5-TP 
2,4,5-T 
2,4-08 
Oalapon 
MC?P 
MCPA 
Oi cnl orop rop 
Oinoseb 

Column 

la, 2 
la, 2 
la, 2 
la ,2 
la 
3 
lb 
lb 
lb 
lb 
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:~~ 
~~ 

I 
.:~{f 

Column la conditions: 9S~ Argon/S% Methane carrier gas at a flow rate:;:".._ 
of 70 ml/min. Column temperature isothermal at las· C. _:.~ 

Column lb ·temperature: 140. C for 6 min and then prograavned to 2oo·~·~Cif:?% 

at 10./min. Jk~ 

Column 2 conditions: 95% Argon/S% Methane carrier gas at a flow ra~i~~ 
of 70 ml/min. Column temperature, isothermal at 1as· C. . -~*~~ 

.. ·;~~~~~§: 
CQlumn 3 conditions: UHP Nitrogen carrier gas at a flow rate of :~4;~~ 
25 ml /min. Column temperature prograrrmed from 100· to 1so· C at lO:bnfn~" 

- : 'ifl!!t~~ 
7.2.2 The use of capillary (open-tubular) columns is acceptabfe'~k 

····~-if appropriate response and separation can be demonstrated. -'~~:~~ 

~~~~-
7.3 Calibration ::~t~ 

7.3.1 Establish gas chromatographic operating parameters equi.va~#.:Et: 
lent .to those indicated above in Table l. The gas chromatographic ::::;;r~~ 
system can be calibrated using the external standard technique (Sec~"fli:{~i:­
tion 7.3.2) or the internal standard technique (Section 7.3.3). ·~~"~2 

7 .3.2 External standard ca11 brat1on procedure ·B 
7.3.2.1 For each parameter of interest, prepare worldifg~ 

standards at a minimum of three concentration levels by adding:~ 
volumes of one or more stock standards to a volumetric flask -an~~ 
diluting to volume with diethyl ether. One of the external stand!~ 
should be at a con cent ration near, but above, the method detectJpn?: 
1 imi t. The other concentrations should correspond to the expect:e¢?: 
range of concentrat i ens found 1 n rea 1 samp 1 es or should defi ne."..~~K~ 
working range of the detector. ~~: 

~-~.: " ·-- ... 
7.3.2.2 Prepare calibration standards from the free acta'~~. 

esterification of the working standards as described under Liquf4~~ 
Extraction, Section 7.1.2. Using injections of 2 to S ~1 of e~~ 
esterified working standard, tabulate peak height or area resp~~~~ 
against the mass injected. The results can be used to prepare~t;~~ 
calibration curve for each parameter. Alternatively, the rati~l~~ 
the response to the mass injected, defined as the ca 1 i brat ion .... i.~':;~?-:· 
factor (CF), can be calculated for each parameter at each standar,~~ 
concentration. If the relative standard deviation of the calibta!J.~ 
factor is less than 10% over the working range, linearity thr~~~~ 
the origin can be assumed and the average calibration factor:c~_n~~ 
used in plac;e of a calibration curve.. ·'~- :_, 

;~~ 
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7.3.2.3 The working calibration curve or calibration factor 
must be verified on each working day by the measurement of one or 
more calibration standards. If the response for any parameter 
varies from the predicted response by more than +10%, the test must 
be repeated using a fresh calibration standard. -Alternatively, 
a new calibration curve or calibration factor may be prepared for 
that parameter. 

7.3.3 Internal standard calibration procedure. To use this 
approach, the analyst must select one or more internal standards 
similar in analytical behavior to the compounds of interest. The 
analyst must further demonstrate that the measurement of the 
internal standard fs not affected by method or matrix interferences. 
Due to these limitations, no internal standard applicable to all 
samples can be suggested. 

7.3.3.1 Prepare working standards at a m1n1mum of three concen­
tration levels for each parameter of interest in the acid form by 
adding volumes of one or more stock standards to a volumetric 
flask, and dilute to volume with diethyl ether. One of the 
standards should be at a concentration near, but above, the method 
detection limit. The other concentrations should correspond to 
the expected range of concentrations found in real samples, or 
should define the working range of the detector. 

7.3.3.2 Prepare calibration standards from the free acids by 
esterification of the working standards as described under Liquid 
Extraction, Section 7.1.2. 

7.3.3.3 Prior to injection, add a known constant amount of 
one or more internal standards to each calibration standard. 

7.3.3.4 Using injections of 2 to 5 ~1 of each calibration 
standard, tabulate the peak height or area responses against the 
concentration for each compound and internal standard. Calculate 
response factors (RF) for each compound as follows: 

where: 

As a Response for the parameter to be measured. 

Ais a Response for the internal standard. 

C;s a Concentration of the internal standard in ~g/1. 

Cs = Concentration of the parameter to be measured in ~g/1. 
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If the RF value over the working range is constant, less tha~ 
relative standard deviation, the RF can be assumed to be inva 
and the average RF can be used for calculations. Alternat.ive 
the results can be used to plot a calibration curve of resp~n 
ratios. As/Ais against RF. · ~i7 

- ~~·-.7-

7.3.3.5 The working calibration curve or RF must be:_:.y 
fied on each working day by the measurement of one or more.ca 
ti on standards. If the response for any parameter varies frc 
predicted response by more than +10:, the test must be repe.at 
using a fresh calibration standard. Alternatively, a new ·cal 
tion curve must be prepared for that compound. '-"' · 

7.3.4 Before using any cleanup procedure, the analyst musf''­
process a series of standards through the procedure to validate 
elution patterns and the absence of interferences from the reagen: 

7.4 Analysis 

7.4.1 Inject 2 to 5 ~1 of the sample extract using the solve 
flush technique. Smaller (1.0-~1) volumes can be injected if autc 
devices are employed. Record the volume injected to the nearest·..: 
0.05 ~1, and the resulting peak size, in area units. 

7.4.2 If the peak area exceeds the linear range of the syst~ 
dilute the extract and reanalyze. ~ 

7.4.3 If peak detection is prevented by the presence of inte 
ferences, further cleanup is required. Before using any cleanup = 
procedure, the analyst must process a series of calibration standa 
through the procedure to validate elution patterns and the absence 
interferences from the reagents. ~ .. 

7 .4.4 Examples of chromatograms for chl orophenoxy herbicides 
shown in Figures l to 3. · ~: 

8.0 Quality Control 

8.1 Before processing any samples, the analyst should demonstrate 
through the analysis of a distilled water method blank that a 11 gl a ssw.: 
reagents are interference-free. Each time a set of samples is extrac!e 
there is a change in reagents, a method blank should be processed as a 
safeguard against chronic laboratory contamination. 

8.2 Standard quality assurance practices should be used with this 
method. Field replicates should be collected to validate the precisicr. 
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Column: l.S% SP-2250/1.95% SP-2401 on Supelcoport (100/120 Mesh) 
Temperature: Isothermal at 1 85°C 
Oetectcr: Electron C.pture 

Ci. .. .... 
~ u:, e .,; .. 
u N• Q 

[ 1-:" 
IC 

'or 
N• 

a:l 

~ 
'or 
N• 

0 2 3 4 5 

RETENTION TIME {MINUTES) 

Figure 1. Gas chomatogram of chlorinated herbicides. 



16 I ORGANIC ANALYTICAL METHODS - GC 

0 2 

Column: 1.5% SP·2250/1.95% SP·2401 on Supelcoport (100/120 
Program: 140°C for 6 Min, 10°C/Minute to 2000C 
OeteCtar: Elec:tron ~c:~ture 

c. 
Q .. c. 
Q .. 
Q 

~ 
Q 

4 e a 
RETENTION TIME (MINUTeS) 

10 

Figure 2. Gas chromatogram of chlorinated herbicides. 
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Column: 0.1% 5?·1000 on S0/100 Mesh Carbopak C 
~am: 100°C, 10°C/Min to 1~°C 
OetiC'tOr: Electron Capture 

1 .. 
Cii 
0 

I 

0 2 4 6 
RETENTION TIME (MINUTES) 

Figure 3. Gas chromatogram of dala!=)on, column 3. 
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the sampling technique. Laboratory replicates should be analyzed to v 
the precision of the analysis. Fortified waste samples should be anal 
to validate the accuracy of the analysis. Detection limits to be used 
groundwater samples are indicated in Table 1. Where doubt exists over 
identification of a peak on the chromatogram, confirmatory techniques ~ 
mass spectrometry should be used (Section 8.3). 

8.3 GC/M~ confirmation 

8.3.1 GC/MS techniques should be judiciously employed to su~ 
qualitative identifications made with this method. The mass spect 
should be capable of scanning the mass range from 35 amu to a mass 
above the molecular weight of the compound. The instrument must t 
capable of scanning the mass range at a rate to produce at least 5 
per peak but not to exceed 3 sec per scan utilizing 70 V (nominal) 
electron energy in the electron impact ionization mode. A GC-to-:11 

interface constructed of .all-glass or glass-lined materials is rec. 
mended. A computer system that allows the continuous acquisition·. 
and storage on machine-readable media of all mass spectra obtained 
throughout the duration of the chromatographic program should be ~ 
interfaced to the mass spectrometer. 

8.3.2 Gas chromatographic columns and conditions should be 
se 1 ected for optimum separation and performance. The conditions · -
selected must be compatible with standard GC/MS operating practices 
such as those described for Method 8250. --.;;t_-

8.3.3 At the beginning of each day that confirmatory analys·e·s 
to be performed, the GC/MS system must be checked to see that a 1 L~D: 
(decafl uorotri phenyl phosphine) performance criteria are achieved,-~, 
described 1 n Method 8250. :,~-=-~y 

8.3.4 To confirm an identification of a compound, the bacr~?~-~ 
corrected mass spectrum of the compound must be obtai ned from t~~ ~~ 
sample extract and compared with a mass spectrum from a stock or;;~;-::'~ 
ca 1 i brati on standard analyzed under the same chromatographic cond_it1 
At least 25 ng of material should be injected into the GC/MS. Tn~_; 
following criteria must be met for qualitative confirmation: ;~::~:. 

:-:.;~~-. 

1. The molecular ion and all other ions present above lO~~reTa· 
abundance in the mass spectrum of the standard must be· pr~s' 
in the mass spectrum of the sample with agreement to .,!10:.-:: 
example, if the relative abundance of an ion is 30~ in-;t~e~ 
spectrum of the standard, the allowable limits for the_~J .. ~ 
abundance of that ion in the mass spectrum for the samp]_~;-~ 
be 20-40~ - ~ .. ~~:i'.E~--

. ·_~;:~~ 
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2. The retention time of the compound in the sample must be within 
6 sec of the retention time for the same compound in the 
standard solution. 

3. Compounds that have very similar mass spectra can be explicitly 
identified by GC/MS only on the basis of retention time data. 

8.3.5 Where available, chemical ionization mass spectra may be 
employed to aid the qualitative identification process. 

8.3.6 Should these MS procedures fail to provide satisfactory 
results, additional steps may be taken before reanalysis. These steps 
may include the use of alternate packed or capillary GC columns or 
additional cleanup. 
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WASTE HANDLING/DISPOSAL PROCEDURES 

LABORATORY WASTE MANAGEMENT AND DISPOSAL PLAN 
FOR THE OPERATION OF THE MARTIN MARIETTA CORPORATION 1 S 

ENVIRONMENTAL SYSTEM 

Location of facilities: 

9200 Rumsey Road 
Columbia, MD 21045 



Martin Marietta Environmental Systems 

I. PROGRAM ORGANIZATION 

Martin Marietta Corporate Occupational Safety and Health 
Policy SAF-1 requires every Martin Marietta facility to establish 
waste management and disposal practices that will protect the 
environment and the health and safety of employees and the 
surrounding community. 

Under this policy, the Martin Marietta Corporate Occupational 
Safety and Health staff works with personnel at the site to 
develop formal, effective health and safety programs that comply 
with all local, state, and federal laws. 

At the time a new safety and health program is implemented, 
a representative of the Martin Marietta office of Occupational 
Safety and Health reviews all safety and health-related provisions 
on site with the designated facility safety personnel. The 
Corporate Office also monitors the safety and health performance 
of all units, conducts periodic inspections to evaluate program 
effectiveness, and audits facilities and operations on a selected 
basis. 

At a minimum, the waste management and disposal procedures 
must provide for: 

• Compliance with relevant regulations 

• A chemical and waste inventory system 

• Specific procedures for chemical and production waste 
handling and disposal 

• Programs for employee health and safety training 

• Engineering efforts to control exposures. 

Implementation and review of the safety and health program 
will be the responsibility of the facility Safety Committee, 
consisting of personnel knowledgeable in safety issues. A 
designated Safety Coordinator will act as liaison between the 
Safety Committee and the facility staff. 

II. LABORATORY DESCRIPTION 

The Martin Marietta Environmental Systems will operate-six 
laboratories, each occupying 400-700 square feet, in the same 
building wing. Two laboratories, occupying approximately 925 

1 
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IV. CHEMICAL AND WASTE INVENTORY SYSTEM 

· To prevent accumulation of unused or discarded potentially 
hazardous chemicals beyond a safe, manageable level, Martin 
Marietta Environmental Systems will implement a system for 
tracking the type and quantity of purchased chemicals, environ­
mental samples received for analysis, and chemical wastes 
stored for disposal. The components of this tracking system 
include: 

A. Purchasing Records 

A record of all purchased chemicals, including information 
such as the date and quantity ordered, will be maintained by 
the Purchasing Department. Vendors will be required to supply 
Material Safety Data Sheets (MSDS) for any toxic or otherwise 
hazardous chemicals. 

B. Laboratory Documentation 

Once delivered to the laboratory, all chemicals will be 
clearly dated by assigned laboratory personnel. In addition, 
samples for analysis will be immediately inspected for integrity 
(e.g., leakage, broken glass, etc.). 

Bottles or containers used for storage of waste chemicals 
will be clearly marked by designated personnel, and will be 
labeled to indicate the quantity of each waste constituent and 
the date it was deposited. This information will be entered on 
the Waste Profile Sheets provided to the facility's waste 
disposal firm. 

C. Chemical Waste Storage Log 

Assigned laboratory personnel will remove laboratory wastes 
daily to a chemical storage room, and maintain a comprehensive 
list of the wastes in storage and the date they were placed 
there. The wastes will be removed for disposal as necessary by 
a licensed waste disposal firm. 

3 



Martin Marietta Environmental Systems 

wastes will be referred to laboratory personnel assigned 
to oversee waste handling and disposal or to the Safety 
Committee. 

2. Contractor Disposal 

Chemical waste disposal will be contracted (tentatively) 
to ECOFLO, Inc., 5801 Arbor Road, Tuxedo, Maryland 
20781. ECOFLO will also manifest and package (as lab­
pack) the wastes for disposal. 

If, in any given month, the accumulated waste exceeds 
the limit for small quantity generators (1000 kg/month 
for hazardous or 1 kg/month for acutely hazardous 
wastes}, ECOFLO will obtain a provisional generator 
identification number from the State of Maryland, 
Waste Management Administration for infrequent 
generators. 

VI. ENGINEERING EFFORTS 

A chemical storage room, designed to meet National Fire 
Protection Association (NFPA} Codes 30 and 68, will be used to 
store wastes for disposal. Spills will be contained by six­
inch curbing around the perimeter of the floor. There will be 
no floor drains or other paths for drainage to the outside. 

VII. EMPLOYEE TRAINING 

Martin Marietta Environmental Systems employees will be 
instructed, as necessary, by trained safety personnel in the 
following areas: 

• Hazard characteristics of products and waste chemicals 

• Safe handling and storage of such chemicals 

• Use of safety equipment 

• Emergency response. 

Certified first aid training will be provided to employees 
as needed. Lists of certified personnel will be posted for 
refrence in case of emergency. 

5 
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The building'fire alarm will be activated for any fire, 
regardless of size or location in the facility, to ensure that 
the fire is properly extinguished by the Fire Department and 
that hazardous wastes are adequately contained. 

All personal injury and lost-time accidents will be reported 
to the Personnel Department and to the Corporate Occupational 
Health and Safety Office. Any such accident will trigger a 
thorough review and, if necessary, modifications to safety 
procedures. 

7 
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BACKGROUND 

Century West Engineering Corporation, (CWEC) performs monthly ground water 

sampling in compliance with Washington State Dangerous Waste Regulations 

WAC 173-303 and Federal Hazardous Waste Regulations 40 CFR 265.91 and 

265.92 for aluminum companies in the Pacific Northwest. Samples are col­

lected monthly for the following parameters: pH, specific conductance, 

fluoride, sodium, sulfate, total cyanide and free cyanide (the amount of 

samples and parameters determined can vary from plant to plant). The fol­

lowing sampling, analytical, quality assurance and quality control (QA/QC) 

program has been designed and implemented to make sure representative sam­

pling and analyses are performed. 
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SAMPLE COLLECTION AND PRESERVATION PROCEDURES 

1. Measure the static water level in the well using an appropriate mea­

suring device. An electronic cable-type well probe can be used for 

wells without permanently installed pumps. For wells with permanently 

installed pumps, a device measuring pressure differential must be 

used. 

2. Using the static water level and the known depth to the well bottom, 

compute the standing water volume in the well. The formula for comput 

ing standing water volume is: (well diameter in feet/2)2x (1'() x 

(height of water column in feet) x (7.48 gallon/feet) = Volume of 

water in gallons. Remove at least this volume of water from the well 

prior to sampling using the appropriate sample collection equipment 

(i.e. Teflon bailer, portable pump, permanently installed pump) 

depending on the size and type of well casing. 

3. Collect each well sample in one large container that has been triple 

rinsed with sample water and fill two, one-half pint disposable sample 

bottles after triple rinsing them with sample. To one sample bottle 

add two NaOH pellets to raise the pH to at least twelve for cyanide 

preservation. The contents of the other bottle will be analyzed for 

sodium, fluoride, and sulfate which require no preservative. Label 

all containers with sample location, date, time and analysis to be 

performed and seal to prevent leakage and contamination. 

4. Using a separate sample container, measure pH, specific conductance, 

and water temperature immediately with battery-opera ted field 
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measuring devices. Record this information in Field Data Log form 

(attachment 1). Field equipment is calibrated using manufacturers 

recommended methods. 

5. Record other pertinent data on Field Data Log including facility name 

and address, sample location, date, time, depth to water, volume of 

water removed, number and type of samples, method of water removal, 

ambient temperature, barometric pressure, weather conditions, physical 

appearance of samples, and name of sample collector. 

6. Complete chain of custody record (attachment 2) and request for analy­

sis form (attachment 3) before transporting or shipping to laboratory 

for analysis. 

7. Fill four extra sample containers with distilled deonized water in the 

field and treat as samples for analytical blank determination. Two 

for total and free cyanide preserved accordingly and two for sodium, 

fluoride, and sulfate. 

8. Take two samples from one randomly selected monitoring well, one of 

which will be labeled erroneously as an analytical QC check. Field 

data logs will record which monitoring well is duplicated. 

Refer to "Procedures Manual for Ground-Water Monitoring at Solid Waste 

Disposal Facilities," EPA-530/SW-611 August, 1977 for additional informa­

tion. 

-3-



ANALYTICAL METHODS 

1. Field pH Measurement Procedure (EPA Method 150.1) 

See attachment 4. 

A. Perform pH measurements in the field immediately after sample 

collection using a Beckman 0 2.1 portable electronic pH meter 

with an automatic temperature compensator probe and gel-filled 

combination pH electrode. Beckman factory specifications indi-

cate an accuracy of ~ 0.01 pH units. 

B. Calibrate pH meter using the two-point standardization procedure 

as outlined in the instrument manual with commercially available 

pH 7.0 and pH 10.0 standard buffer solutions. This ensures accu-

rate pH measurements over the range pH 5.0 to pH 12.0. 

Re-standardize instrument for each set of samples analyzed. If 

sample pH falls outside standardized range, re-standardize meter 

using appropriate standard buffer solutions. 

C. Before measuring standard buffer or sample, rinse electrode, 

temperature compensator probe, and sample container with buffer 

or sample to be me{I.Sured. Repeat sample measurement until value 

differs by less than 0.1 pH units (two or three measurements are 

usually sufficient according to EPA method 150.1 section 8.4). 

D. Carry a spare pH meter into the field as a backup in the event of 

instrument malfunction. Instrument malfunctions are readily 
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recognized by electronic signals indicated by the meter. In the 

event of backup instrument malfunction, pH measurements are run 

in the laboratory. 

2. Field Specific Conductance Measurement Procedure (EPA Method 120.1) 

See attachment 5. 

A. Perform specific conductance measurements in the field immediate­

ly after sample collection using a battery operated YSI model 32 

FL conductance meter. Measurements are automatically temperature 

compensated to 25°C using a temperature probe provided with the 

meter. According to factory specifications, accuracy is better 

than + 1.0 percent. 

B. Check calibration of the conductance meter at the beginning of 

each sampling day using two commercially available conductance 

standard solutions, one below and one above expected conductance 

values of samples. Adjust meter accordingly. Re-check calibra­

tion at the end of each sampling day. If re-check values differ 

from original calibration by greater than 5 percent, all sample 

measurements should be repeated. If sample measurement yields 

values outside the calibrated range, re-calibrate the meter using 

the appropriate standard solutions. 

c. Before measuring standard solutions or samples, rinse conductance 

cell, temperature probe, and sample container with standard 
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solution or sample to be measured. After immersing the 

conductance cell, tap the cell to remove air bubbles and make 

sure the cell is not touching the sides or bottom of the con-

tainer (1/ 4 inch is recommended clearance). 

stabalize before recording the value. 

Allow instrument to 

D. In the event of instrument malfunction, specific conductance mea­

surements can be made in the laboratory. 

3. Fluoride Analysis 

Attachment 6, ASTM method 413 B, "Electrode Method," describes the 

analytical method used for fluoride determinations in ground water 

samples. 

Standards are prepared froom Banco fluoride standards. 

tions are made on the 901 microprocessor ionanalyzer. 

4. Sodium Analysis 

Blank correc-

Attachment 7, ASTM method 303A, "Determination of ••• , Sodium, ••. by 

Direct Aspiration into an Air-Acetylene Flame," describes the analyti­

cal method used for sodium determinations in ground water samples. 

Standards are prepared from Baker Instra-analyzed Atomic Spectral 

Standards. Blanks are corrected for by using the zero setting on the 

atomic absorption spectophotometer. 
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5. Sulfate Analysis 

Attachment 8, ASTM method 426 C, "Turbidimetric Method" describes the 

analytical method used for sulfate determinations in ground water sam-

ples. 

Standards are prepared from anhydrous sodium sulfate, and blanks are 

run as per Standard Methods, 15th edition, page 440. 

6. Total Cyanide Analysis (EPA Method 335.3) 

I -

i 

a. Prepare the apparatus (instrumentation) and reagents as described 

in EPA method 335.3 (see attachment 9). 

b. Set colo.rimeter amplitude so that the low range measures 1-100 

ppb CN full scale on the chart recorder or the high range measure 

0-400 ppb CN full scale on the chart recorder. To set the 

colorimeter amplitude, run duplicate 400 ppb CN standards for the 

high range. As the first of the duplicate standards begins to 

show an electrical response on the chart recorder, adjust the 

peak height so that it is at the proper chart graduation. The 

second standard should reprodu~e the peak height; if not, repeat 

this step. On the low range use 100 ppb standards for setting 

the colorimeter. 

EPA has published the lower detection limit for this method as 5 

ppb CN. Century Testing Laboratories, Inc., is capable of mea-

suring to 1 ppb CN. The upper detection limit is 400 ppb CN. 

-7-



Cyanide concentrations greater than 400 ppb CN can be diluted for 

analysis. 

c. Run a sef of cyanide standards at the start and end of each sam-

ple. For the high range, concentrations of 0, 100, 200, 300 and 

400 ppb CN standards are run; and for the low range, 

concentrations of 0, 25, 50 and 100 ppb CN standards are used. 

The standard curve should be linear; if any standards measure + 

10 percent from their calculated value, the curve should be 

invalidated and all the samples rerun. A standard curve is pre­

pared by plotting peaking heights. During a sample run, a 400 

ppb CN standard for the high range and a 100 ppb CN standard for 

the low range are inserted after every 20 samples to monitor 

instrument reproducibility (precision). The check standards 

should reproduce within 10 percent of the curve or the run should 

be invalidated. Sample determinations are made by comparing and 

calculating their peak heights against the standard curve. 

7. Free Cyanide Analysis 

Attachment 10,"Determination of Free Cyanide Using a 

Microdiffusion-Photometric Technique," describes the analytical proce­

dure used for free cyanide analysis. The free cyanide portion of the 

diffusion is analyzed as described in No. 6 "Total Cyanide Analysis" 

above. 

Diffuse duplicate 50 ppb free CN standards with each group of samples 

for quality control purposes. 

-8-

To validate the sample run, these 



standards must reproduce within :!: 10 percent and have a free CN col­

lection recovery greater than 90 percent. Also, one NaOH blank 

diffusion is performed with each sample . set run to detect any possible 

background contamination. 

Attachments 11 and 12 address Century Testing Laboratories QA/QC pro­

grams, informally and in conformance with the EPA. 

DS 5/16 

-9-



ATIACHMENT #f 
GROUNDWATER AND MISCELLANEOUS SAMPLING 

FIELD DATA LOG 

Project No. __________________________ _ Sampling Date ----------
Facility Name ----------------------- Sampling Time -----------
Station No. Weather -----------------------
Sampled By Amb T (OF) . emp. ---------------------------

Bar. Press. (in. Hg) 

GROUND-WATER ELEVATION 

A. (1) Distance to water (feet) 
(from casing top as mark-e'd;-;)--------------------------------

(2) Water level elevation (feet) 
(casing top elevation minus (1)) 

B. Distance to well bottom ---------------------------------------
C. Height of Water Column (h) 

WATER SAMPLING DATA 

Volume of water in well: 

2 -;rr h --------------------------------------------------------
(2"=0.163 gal/ft) (4"=0.653 gal/ft) 

Amount of water removed from well 

Method of water removal 

Was well pumped dry? ----------------------------------------
FIELD ANALYSES AND REMARKS 

0 Water temperature ( F) 

Specific Conductance ------------------------------------------
pH 

Physical appearance ----------------------------------
Number & type of samples collected ---------------------------

Remarks ------------------------------------------------

-10-
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ATIACHMENT #2 

CHAIN OF CUSTODY PROCEDURES 

Collection and analysis of an environmental sample ordinarily requires a 
substantial investment of resources in terms of equipment facilities and 
manpower. However, inadequate information regarding the circumstances of 
collection and subsequent disposition of the sample, i.e., chain of custody 1 

may render any resulting data useless. Especially in sampling programs 
related to legal actions, proper chain of custody procedures are crucial. 
The following are guidelines for sample records and chain of custody pro­
cedures to be followed by Century West employees in sample collection. 
The guidelines follow procedures recommended in 11 Resource Conservation 
and Recovery Act Inspection Manual, U.S. Environmental Protection Agency, 
1982. II 

Chain-of-Custody 

After collection and identification, the samples are maintained under Chain­
of-Custody procedures. If the sample collected is to be split with the 
owner or operator of the site or with other regulatory agencies, it should 
be aliquoted into similar sample containers. Sample labels with identical 
information are attached to each of the samples and are marked as 11 Company 
Split11 or 11 Split. 11 If air samples are to be given to the Company, duplicate 
samples must be collected. 

Due to the evidentiary nature of sample-collecting investigations, the pos­
session of samples must be traceable from the time the samples are collected · 
until they are introduced as evidence in legal proceedings. To maintain and 
document sample possession, Chain-of-Custody procedures are followed. 

Sample Custody 

A sample is under custody if: 

a. it is in the sampler•s actual possession; or 

b. it is in the sampler•s view 1 after being in his/her physical 
possession; or 

c. it was in the sampler•s physical possession and then he/she 
locked it up to prevent tampering; or 

d. it is in a designated and identified secure area. 

Field Custody Considerations 

a. As few people as possible should handle the samples. 

b. The field sampler is personally responsible for the care and 
custody of the samples until they are transferred or prop­
erly dispatched. 

.:.u-



Chain of Custody Procedures 
Page Two 

Transfer of Custody and Shipment 

a. Samples must be accompanied by a Chain-of-Custody Record 
(see Figure 1). When transferring the possession of sam­
ples, the individuals relinquishing and receiving will sign, 
date, and note the time on the Record. This Record docu­
ments transfer of custody of samples from the sampler to 
another person, to a mobile laboratory, or to the permanent 
laboratory. The form should be filled out as described in 
the attached instructions in Figure 1. 

b. Whenever samples are split with a facility or government 
agency, a separate Chain-of-Custody Record is prepared for 
those samples and marked to indicate with whom the samples 
are being split. 

c. All packages will be accompanied by the Chain-of-Custody 
Record showing identification of the contents. The original 
Record will accompany the shipment, and a copy will be 
retained by the inspector. 

d. If sent by a common carrier, a Bill of Lading should be 
used. Receipts of Bill of Lading will be retained as part of· 
the permanent documentation. 

The chain of custody records should be attached to the sample container at 
the time the sample is collected, and should contain the following infor­
mation: sample number, date and time taken, source of the sample (include 
type of sample and name of firm), the preservative and analysis required, 
name of person taking sample, and the name of witness. The sample side 
label should be signed, timed, and dated by the person sampling. The 
sample container should then be sealed. The seal should cover the sample 
lable, so that the record or tag cannot be removed and the container cannot 
be opened without breaking the seal. The labels and seals should be filled 
out in legible handwriting. When transferring the possession of samples, 
the transferee should sign and record the date and time on the chain of 
custody record. Custody transfers, if made to a sample custodian in the 
field, should be recorded for each individual sample. To prevent undue 
proliferation of custody records, the number of custodians in the chain of 
possession should be as few as possible. If samples are delivered to the 
laboratory when appropriate personnel are not there to receive them, the 
samples should be locked in a designated area within the laboratory so that 
no one can tamper with them. 

A field book or log should be used to record field measurements and other 
pertinent information necessary to refresh the sampler1s memory in the 
event he later becomes a witness in an enforcement proceeding. A separate 
set of field notebooks should be maintained for each survey and stored in 
the project file where they can be protected and accounted for at all times. 
The entries should then be signed by the field sampler. 



r-·· 
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Chain of Custody Procedures 
Page Three 

The field sampler is responsible for the care and custody of the samples 
collected until properly dispatched to the receiving laboratory or turned 
over to an assigned custodian. He must assure that each container is in 
his physical possessio'! or in his view at all times or stored in a locked 
place where no one can tamper with it. 

Photographs can be taken to set forth exactly where the particular samples 
were obtained. Written documentation on the back of the photograph should 
include the signature of the photographer, the time, date, and site loca­
tion. Photographs of this nature, which may be used as evidence, should 
be handled according to the established chain of custody procedures. 

The laboratory will have a custodian to maintain a permanent log book in 
which he records for each sample the person delivering the sample, sample 
number, how transmitted to the lab, and a number assigned to each sample 
by the laboratory. The custodian should insure that heat-sensitive or 
light-sensitive samples or other sample materials having unusual physical 
characteristics or requiring special handling are properly stored and 
maintained. Distribution of samples to laboratory personnel who are to 
perform analyses should be made only by the custodian. The custodian 
should enter into the log the laboratory sample number, time, date, and the 
signature of the person to whom the samples were given. Laboratory 
personnel should examine the. seal on the container prior to opening and 
should be prepared to testify that their examination of the container in­
dicated that it had not been tampered with or opened. 

-13-
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-- Century Testing 
5I Laboratories, Inc. CHAIN OF CUSTODY RECORD 1444 N.W. COLLEGE WAY 

BEND, OREGON 97701 
(503) 388-3600 

1. PROJ. NO. 2. PROJECT NAME & ADDRESS 11. ANALYSIS 
1 o. TO BE o· 

NO. PERFORMED 
(y~ 

3. SAMPLERS: (SIGNATURE) 
g_V 

OF ~~ 
CON-

,_<b 12. REMARKS 

~·~ 8. TAIN-
CJV 

4. STA. 5. e. 
~-

Ol ~~ 
NO. DATE TIME 0(/) < 9. STATION LOCATION ERS (} 

0~ f3 • 

·' 

• 

13. RELINQUISHED BY: 14. DATE/TIME 16. RECEIVED BY: 13. RELINQUISHED BY: 14. DATE/ TIME 16. RECEIVED BY: 
(SIGNATURE) 

I 
(SIGNATURE) (SIGNATURE) 

I 
(SIGNATURE) 

13. RELINQUISHED BY: 14. DATE/TIME 16. RECEIVED BY: 13. RELINQUISHED BY: 14. DATE/TIME 16. RECEIVED BY 
(SIGNATURE) 

I 
(SIGNATURE) (SIGNATURE) 

I 
(SIGNATURE) 

13. RELINQUISHED BY: 14. DATE/TIME 18. RECEIVED FOR 11 .• DATE/TIME 18. REMARKS 
(SIGNATURE) . LABORATORY BY: 

I I -



Century Testing 
laboratories, Inc. .. 

NAME OF INDIVIDUAL 

RECEIPT FOR 
SAMPLES 

TITLE 

ADDRESS 

DATE 

FIRM NAME ADDRESS (STREET, CITY, STATE & ZIP CODE) 

SAMPLE NUMBERS 

SAMPLES COLLECTED (SAMPLE NUMBER, LOCATION, CONTAINER, LABEL INFORMATION, SAMPLE DESCRIP­
TION, & OTHER POSITITIVE IDENTIFICATION) 

ACKNOWLEDGEMENT OF OWNER/OPERATOR OR AGENT 

THE UNDERSIGNED ACKNOWLEDGES THAT THE SAMPLE(S) AND/OR DOCUMENTS (S) DESCRIBED 
ABOVE WERE OBTAINED AT THE LOCATION & UNDER THE CIRCUMSTANCES DESCRIBED ABOVE. 

SIGNATURE 

D DUPLICATE SAMPLES 
REQUESTED & PROVIDED 

AMOUNT PAID FOR SAMPLES 

NAME OF COLLECTOR 

D DUPLICATE SAMPLES 
NOT REQUESTED 

D CASH 

TITLE OF COLLECTOR 

-15-

TITLE 

SAMPLES WERE 

D PURCHASED 

D VOUCHER 

SIGNATURE 

D BORROWED 

D TO BE BILLED 



( ent on file 
[ Yes 0 No 

ATIACH~!ENT #3 
REQUEST FOR ANALYSIS (. 

( ent # --------

.Century Testing Laboratories. Incorporated 
Bend. Oregon 97701 Date ______________________ _ 

Billing -----------------------
Address 

J dress 

('y 

I 
' Phone _______________ _ PRIORITY: (circle one) 1. 2. 3 

i' 
S -nple Description: 
i 

[ 1-WATER 02-SOIL 03-FEEDS 04-BACTERIA OOTHER -----------------

c 
c 
03 

o~ 

( 

Ou 
07 

( 

( 

10 ,. ., 
-h 
14 _, 

TEST 

~cid Detergent Fiber 

Acicji~s ~aCOJ 

Alkalinity as CaCOJ 

Arsenic 

Ash 

BODs 

BOD Ultimate 

Boron 

Calcium 

Cation Exchange Cap. 

Cellulose 

Chloride 

Chlorine 

TEST RESULT TEST 

_______ ___ 31 Field ~oi_~ture _Cap~c:ity 

32 Fluoride ------- --- -- --------------
33 Hardness as CaCOJ 

--· -------- -·· ~ - - -· -- -- -- --· --
--------- 34 1~!1_ ___________ ---

35 

36 

37 

38 

39 

Lead 

Lignin 

MBAS 

Magnesium 
-· - ---·-- --- -----~ 
Manganese 

40 Moisture 
··--·- ---- --·-

41 Molasses (Brix) 
------------~--- ~--- ------- ·-

42 Molybdenum 

__ ------------- __ 43 Nitrate Nitroge~------- _ 

Ammonia Nitrogen 1 

1_ 

Chlorine Demand 

Chlorine Residual 

Chromium Hexa. 
-- ---------- 45 

46 

17 

1 

t 

20 

:?1 

--

Chromium Total 

Cobalt 

COD 

Coliform Fecal MPN 

Coliform Total MPN 

• Color 
-1 ------
2.... Conductance 

24 Copper 

2 Cyanide 

27 

30 

Dissolved Oxygen 

Exchangeable Hydrogen 

Energy 

Fat 

Fiber 

( 1MMENTS 

---- ·------

Billed: 0 Yes 
\."'·rk Completed by 

Nitrogen Kjeldahl 
-- -----· ~---

47 Nitrogen (Total) 

48 _____ ~eutrai_Detergen~ ~_iber 

49 ___ ()_~ & Gr~~ ------·--
50 Organic Matter ----- -··-. ·----·--- ---------
51 Orthophosphate 

52 

53 

54 

55 

56 

57 

58 

59 

pH Value 

Phenols 

__ ~hosph_orus 

Phosphorus Total 

Plate Count 

Potassium 

Protein (Nx6.Z5) 

Salts (Soluble Chloride) 

ONo 

TEST RESULT TEST TEST RESULT 

60 ___ §t:lenium ______ __ 

---------t ~!._ §_ili_c;_a _________ ------------

62 Sodium -- ----------
63 S.odiuf1!(_Exc;hangeable) 

_64 

65 

66 

Sod_~ui11JT~~a~~)- __ _ 

Solids Total Suspended 
. -" -- -- -- --

Solids Total Dissolved 
---· .. --- - -----

--------- _67 ~!!~~ds \/c:'la_til_eSu~. _ 

_ ------· -~ _____ -~~i~s V__?la!i~:~i~ _______ ---------
Solids Settleable 

Sugars (as inl(ert) 
-----------------1- --·- ---------

71 Sulfate ---------- ---t-- ... ---------------------- ·- ------
72 Sulfate Sulfur 

Sulfide 

74 Sulfite 
- -- - ----- ·--- - ·--- --

75 ____ Sulfur ------------ _____________ _ 

_7_6 Turbidity _________________ _ 

----- ------ 77 
Zinc 

__ --------- 78 ____ Barium_ ----------------------- __ _ 

----------- 79 Cad_miu~------- ___ 1------- _ 
______ 

1
ao 
81 

82 

83 

fv1er_cljry _ . ______ _ 

Silver 

Sand 

SAR 

84 Endrin 

85 

86 

87 

88 

Date Sample Compleu!d 

Lindane 

Methoxychlor 

Toxaphene 

... 2,4-D 

2,4,5 TP Silvex 

2806 
SAMPLE NUMBER 



ATIACHMENT #4 

pH 

Method 150.1 (Electrometric) 

STORET NO. 
Determined on site 00400 

Laboratory 00403 

1. Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
2. Summary of Method 

2.1 The pH of a sample is determined electrometrically using either a glass electrode in 
combination with a reference potential or a combination electrode. 

3. Sample Handling and Preservation 

4. 

5. 

3.1 Samples should be analyzed as soon as possible preferably in the field at the time of 
sampling. 

3.2 High-purity waters and waters not at equilibrium with the atmosphere are subject to 
changes when exposed to the atmosphere, therefore the sample containers should be 
filled completely and kept sealed prior to analysis. 

Interferences 
4.1 The glass electrode, in general, is not subject to solution interferences from color, 

turbidity, colloidal matter, oxidants, reductants or high salinity. 
4.2 Sodium error at pH levels greater than 10 can be reduced or eliminated by using a "low 

sodium error" electrode. 
4.3 Coatings of oily .material or particulate matter can impair electrode response. These 

coatings can usually be removed by gentle wiping or detergent washing, followed by 
distilled water rinsing. An additional treatment with hydrochloric a~id (1 + 9) may be 
necessary to remove any remaining film. 

4.4 Temperature effects on the electrometric measurement of pH arise from two sources. 
The first is caused by the change in electrode output at various temperatures. This 
interference can be controlled with instruments having temperature compensation or by 
calibrating the electrode-instrument system at the temperature of the samples. The 
second source is the change of pH inherent in the sample at various temperatures. This 
error is sample dependent and cannot be controlled, it should therefore be noted by 
reporting both the pH and temperature at the time of analysis. 

Apparatus 
5.1 pH Meter-laboratory or field model. A wide variety of instruments are commer.;::ially 

available with various specifications and optional equipment. 

Approved for NPDES 
Issued 1971 
Editorial revision 1978 
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5.2 Glass electrode. 
5.3 Reference electrode-a calomel, silver-silver chloride or other reference electrode of 

constant potential may be used. 
NOTE 1: Combination electrodes incbrporating both measuring and reference 
functions are convenient to use and are available with solid, gel type filling materials that 
require minimal maintenance. 

5.4 Magnetic stirrer and Teflon-coated stirring bar. 
5.5 Thermometer or temperature sensor for automatic compensation. 

6. Reagents 

7. 

6.1 Primary standard buffer salts are available from the National Bureau of Standards and 
should be used in situations where extreme accuracy is necessary. 
6.1.1 Preparation of reference solutions from these salts require some special precautions 

and handling<•' such as low conductivity dilution water, drying ovens, and carbon 
dioxide free purge gas. These solutions should be replaced at least once each 
month. 

6.2 Secondary standard buffers may be prepared from NBS salts or purchased as a solution 
from commercial vendors. Use of these commercially available solutions, that have been 
validated by comparison to NBS standards, are recommended for routine use. 

Calibration 
7.1 Because of the wide variety of pH meters and accessories, detailed operating procedures 

cannot be incorporated into this method. Each analyst must be acquainted with the 
operation of each system and familiar with all instrument functions. Special attention to 
care of the electrodes is recommended. 

7.2 Each instrument/electrode system must be calibrated at a minimum of two points that 
bracket the expected pH of the samples and are approximately three pH units or more 
apart. 
7.2.1 Various instrument designs may involve use of a "balance" or "standardize" dial 

and/or a slope adjustment as outlined in the manufacturer's instructions. Repeat 
adjustments on successive portions of the two buffer solutions as outlined in 
procedure 8.2 until readings are within 0.05 pH units of the buffer solution value. 

8. Procedure 
8.1 Standardize the meter and electrode system as outlined in Section 7. 
8.2 Place the sample or buffer solution in a clean glass beaker using a sufficient volume to 

cover the sensing elements of the electrodes and to give adequate clearance for the 
magnetic stirring bar. 
8.2.1 If field measurements are being made the electrodes may be immersed directly in 

the sample stream to an adequate depth and moved in a manner to insure sufficient 
sample movement across the electrode sensing element as indicated by drift free 
( < 0.1 pH) readings. 

8.3 If the sample temperature differs by more than 2oC from the buffer solution the measured 
pH values must be corrected. Instruments are equipped with automatic or manual 

mNational Bureau of Standards Special Publication 260. ·· 
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compensators that electronically adjust for temperature differences. Refer to 
manufacturer's instructions. 

8.4 After rinsing and gently wiping the electrodes, if necessary, immerse them into the 
sample beaker or sample stream and stir at a constant rate to provide homogeneity and 
suspension of solids. Rate of stirring should minimize the air transfer rate at the air water 
interface of the sample. Note and record sample pH and temperature. Repeat 
measurement on successive volumes of sample until values differ by less than 0.1 pH 
units. Two or three volume changes are usually sufficient. 

9. Calculation 
9.1 pH meters read directly in pH units. Report pH to the nearest 0.1 unit and temperature 

to the nearest oc. 
10. Precision and Accuracy 

10.1 Forty-four analysts in twenty laboratories analyzed six synthetic water samples 
containing exact increments of hydrogen-hydroxyl ions, with the following results: 

Accuracy as 
pH Units Standard Deviation Bias, Bias, 

pH Units % pH Units 

3.5 0.10 -0.29 -0.01 
3.5 0.11 -0.00 
7.1 0.20 + 1.01 +0.07 
7.2 0.18 -0.03 -0.002 
8.0 0.13 -0.12 -0.01 
8.0 0.12 +0.16 +0.01 

(FWPCA Method Study 1' Mineral and Physical Analyses) 

10.2 In a single laboratory (EMSL), using surface water samples at an average pH of7.7, the 
standard deviation was ±0.1. 

Bibliography 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 460, (1975). 
2. Annual Book of ASTM Standards, Part 31, .. Water", Standard 01293-65, p 178 (1976). 
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A TI ACHMENT is 

CONDUCI'ANCE 

Method 120.1 (Specific Conductance, umbos at 25oC) 

STORET NO. 00095 

1. Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
2. Summary of Method 

2.1 The specific conductance of a sample is measured by use of a self-contained conductivity 
meter, Wheatstone bridge-type, or equivalent. 

2.2 Samples are preferably analyzed at 25°C. If not, temperature corrections are made and 
results reported at 2YC. 

3. Comments 
3.1 Instrument must be standardized with KCl solution before daily use. 
3.2 Conductivity cell must be kept clean. 
3.3 Field measurements with comparable instruments are reliable. 

4. Precision and Accuracy 
4.1 Forty-one analysts in 17 laboratories analyzed six synthetic water samples containing 

increments of inorganic salts, with the following results: 

Increment as Precision as Accuracy as 
Specific Conductance Standard Deviation Bias, Bias, 

% umhos/cm 

100 7.55 -2.02 -2.0 
106 8.14 -0.76 -0.8 
808 66.1 -3.63 -29.3 
848 79.6 -4.54 -38.5 

1640 106 -5.36 -87.9 
1710 119 -5.08 -86.9 

(FWPCA Method Study l, Mineral and Physical Analyses.) 

4.2 In a single laboratory (EMSL) using surface water samples with an average conductivity 
of 536 umhos/cm at 25°C, the standard deviation was ±6. 

5. References 
5.1 The procedure to be used for this determination is found in: 

Annual Book of ASTM Standards, Part 31, "Water", Standard 01125-64, p 120 (1976). 
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 71, 
Method 205, (1975). 

Approved for NPDES 
Issued 1971 
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Fluor-ide 
413 B. Electrode Method 

1. General Discussion 

a. Principle: The fluoride electrode is a 
selective ion sensor. It is designed to be 
used with a standard calomel reference 
electrode and any modern pH meter hav­
ing an expanded millivolt scale. The key 
element in the fluoride ion-activity elec­
trode is the laser-type doped single Iantha-

num fluoride crystal across which a poten­
tial is established by the presence of fluo­
ride ions. The crystal contacts the sample 
solution at one face and an internal refer­
ence solution at the other. The cell may be 
represented by: 

AgiAgCI, CJ-(0.3M), F-(O.OOIM) 1LaF31 test 
solutionlreference electrode 
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The fluoride ion-selective electrode can 
be • e the' ity o - ;en-
tration t Jride in aqueous samples by 
using an appropriate calibration curve. 
However, the fluoride activity depends on 
the total ionic strength of the sample. The 
electrode does not respond to bound or 
complexed fluoride. These difficulties 
largely arc overcome by adding a buffer 
solution of high total ionic strength to 
swamp variations in sample ionic strength 
and containing a chelate to complex alumi­
num preferentially. 

h. lnte1j'erence: Polyvalent cations 
such as Al(lll), Fe(lll), and Si(IV) will 
complex fluoride ion. The extent to which 
complexation takes place depends on so­
lution pH and relative levels of fluoride 
and complexing species. Howe.ver, adding 
COT A (cyclohexylenediaminetetraacetic 
acid) or sodium citrate preferentially will 
complex concentrations of aluminum up 
to 5.0 mg!L and release fluoride as the free 
ion. Likewise, in acid solution, hydrogen 
ions form complexes with fluoride ion but 
the complexing is negligible if the pH is 
above 5. In alkaline solution hydroxide ion 
also interferes with electrode response 
whenever the hydroxide ion concentration 
is greater than one-tenth the level of fluo­
ride ion. At pH s 8 the hydroxide concen­
tration is s I o-~ molar and no interference 
occurs. 

The fluoride electrode does not respond 
to the fluoroborate ion (BF4). If a sample is 
st.spected of containing fluoroborates, dis­
till it to achieve hydrolysis of the fluorobo­
rate to free fluoride. 

2. Apparatus 

a. Expanded-scale or digital pH meter 
or ion-selective meter. 

b. Slee1•e-type reference electrode*: Do 
not use fiber-tip reference electrodes be-

•Orion 90-01-00. Beckman 43462. Comina 476012, 
or equivalent. 

ca!:'se th_ey exhibit. erratic behavior in v.e.rv 
.... Jte s~-.~ .. ~ns. 

c. Fluoride electrode. 
d. Magnetic stirrer, with TFE-coated 

stirring bar. 
e. Stop ll'atch or timer. 

3. Reagents 

a. Stock fluoride solllfion: Dissolv~ 

221.0 mg anhydrous sodium fluoride. 
NaF, in distilled water and dilute to I ,000 
mL; 1.00 mL = 100 JLg F. 

b. Standard fluoride solution: Dilute 
100 mL stock fluoride solution to I ,000 
mL with distilled water; 1.00 mL = 10.0 
JLg F. 

c. Total ionic strength adjustment h1(( 

fer (TISAB): Place approximately 500 mL 
distilled water in a 1-L beaker and add 57 
mL glacial acetic acid, 58 g NaCI, and 4.0 
g I ,2 cyclohexylenediaminetetraacetil: 
acid (CDTA).t Stir to dissolve. Place 
beaker in a cool water bath and add slowly 
6N NaOH (about 125 mL) with stirring. 
until pH is between 5.0 and 5.5. Transfer 
to a 1-L volumetric flask and add distilled 
water to the mark. 

4. Procedure 

a. Instrument calibration: No major ad­
justment of any instrument is normally re­
quired to use electrodes in the fluoride 
range of 0.2 to 2.0 mg!L. For those in­
struments with zero at center scale adjust 
calibration control so that the 1.0 mg F/L 
standard reads at the center zero (I 00 m VI 
when the meter is in the expanded-seal\! 
position. This cannot be done on som~ 
meters that do not have a millivolt calibra­
tion control. To use a selective-ion meter 
follow the manufacturer's instructions. 

b. Preparation of fluoride standard.1·: 

tJ ,2 cyclohexylenedinitrilotetraacetic add, J.T. Baker 
'·0083, Eastman "411, MCB CX2390, or equivoa­
lent. Alternatively, use 12 a sodium citrate dihydrate. 
Na;,C1Hs·2H10 in place of CDTA, but there may be 
some loss of sensitivity. 

I 
r • 

o•eparc> " ~.o:ries ""f' ~•'lnda-~" '-y adr''-­
respectively, 2.5, ).U, and IU.U mL stan­
dard fluoride solution to each of three I 00-
mL volumetric flasks. To each flask, add 
by pipet 50 mL of TISAB solution and di­
lute to 100 mL with distilled water; mix 
well. These standards are equivalent to 
0.5, 1.0, and 2.0 mg F/L. (Because the 
concentration of the sample is reduced by 
half by adding TISAB solution, doubling 
1he standards' true concentration enables 
the analyst to read the samples' original 
wncentration directly.) 

c. Treatment of sample: To a 100-mL 
volumetric flask, add by pipet 50 mL 
sample, dilute to mark with TISAB, and 
mix well. Bring standards and sample to 
lhe same temperature, preferably room 
temperature. 

d. M£'asurement with electrode: Trans­
fer each standard and sample to a series of 
150-mL beakers. Immerse electrodes and 
measure developed potential while stirring 
on a magnetic stirrer. Avoid stirring be­
fore immersing electrodes because en­
trapped air around the crystal can produce 
erroneous readings or needle fluctuations. 

Le· ·' trodc 1ai- : soluf - ·nir 
before taking a f positive millivoll 
reading. Rinse elec ,.vdes with distilled 
water and blot dry between readings. h 
some cases, extend measurement period 
to 5 min to achieve equilibrium. A layer ol 
insulating material, such as cork, between 
the stirrer and sample beaker is helpful in 
minimizing temperature changes. 

When using an expanded-scale pH me­
ter or selective-ion meter, frequently re­
calibrate the electrode by checking poten­
tial reading of the 1.00-mg F/L standard 
and adjusting the calibration control, if 
necessary, until meter reads as before. 
Confirm calibration after each unknown 
and also after reading each standard when 
preparing the standard curve. 

Plot potential measurement of fluoride 
standards against concentration on two­
cycle semilogarithmic graph paper. Plot 
milligrams F per liter on the logarithmic 
axis, with the lowest concentration at the 
bottom of the page. Using the potential 
measurement for each sample, read the 
corresponding fluoride concentration from 

·the standard curve. 
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303 A. Determination of Antimony, Bismuth, 

Cadmium*, Calcium, Cesium, Chromium*, Cobalt*, 
Copper, Gold, Iridium, Iron*, Lead*, Lithium, Magnesium, 

Manganese*, Nickel*, Platinum, Potassium, Rhodium, 
Ruthenium, Silver*, Sodium, Strontium, Thallium, Tin, 

and Zinc* by Direct Aspiration into an Air-Acetylene Flame 
I 

1. Apparatus 

Atomic ab.wrption ~pectroplwtometer 
and aJ.mdatecl equipment: See Section 
303.2. Use burner head recommended by 
the manufacturer. 

'For low concentrations of Cd, Cr. and Pb (<~0. 200. 
and ~00 ~AWL respectivelyl and Co. Fe, Mn, Ni. All. 
und Zn. sec Section )0) B. 

2. Reagents 

a. Air, cleaned and dried through a suit­
able filter to remove oil, water, and other 
foreign substances. The source may be a 
compressor or commercially bottled gas. 

b. Acetylene, standard commercial 
grade. Acetone, which always is present 
in acetylene cylinders, can be prevented 

r. ·- ~nter:~~ nnd (Jn-n-ing ''"~ 1-.urnel'" 
ht:ad by replacing a cylinder when its pres­
,ure ha<; fallen to 689 kPa acetylene. 

L .\letai-Ji'<'<' 11'1/ta: Use metal-free wa­
ta for preparing all reagents and calibra­
IHJn standards and as dilution water. Pre­
p:trc metal-free water by deionizing tap 
,, :ttt:r and/or by using one of the following 
pt\Jcesses, depending on the metal con­
..:cntration in the sample: single dis­
tillation. redistillation, or sub-boiling. AI­
'' a yo; check deionized or distilled water to 
do:tcrmine whether the element of interest 
,, present in trace amounts. (CAUTION: If 
the source water contains Hg or other vol­
:otilc metals, deionized and single- or redis­
tilled water may not be suitable for trace 
analysis because these metals distill over 
with the distilled water. In such cases, use 
,uh-boiling to prepare metal-free water). 

cl. Calcium .wlution: Dissolve 630 mg 
..::alcium carbonate, CaCO,., in 50 mL of I 
• 5 HCI. If necessary, heat and boil gently 

hJ obtain complete solution. Cool and di­
lute to 1,000 mL with water. 

e. llydrochloric acid, HCI, cone. 
_r Lantlra!ltll/1 solution: Dissolve 58.65 

g lanthanum oxide, La10,., in 250 mL cone 
llCI. Add acid slowly until the material is 
dissolved and dilute to 1,000 mL with wa­
ter. 

g. Hydrogen peroxide, 30%. 
/r. Nitric acid. HNO,., cone . 
i. Aqua regia: Add 3 volumes cone HCI 

to I volume cone HNO,.. 
j. Iodine solution, IN: Dissolve 20 gpo­

tassium iodide, KI, in 50 mL water, add 
12.7 g iodine, and dilute to 100 mL. 

h. Cyanogen iodide ( CN I) .mlutio11: To 
50 mL water add 6.5 g potassium cyanide, 
KCN, 5.0 mL IN iodine solution, and 4.0 
mL cone NH,OH. Mix and dilute to 100 
ml. with water. Prepare fresh solution 
every 2 wk. 

I. Stwrclard metal .wlutions: Prepare a 
'cries of standard metal solutions in the 
11ptimum concentration range by appropri­
ate dilution of the following stock metal 

~-Julio-- ... :th \1·-··- conr-' · ~ 1.5 • · 
cone HNO,JL. ThoroL dry reagents 
before use. In general, li~- .eagents of the 
highest purity. For hydrates, use fresh re­
agents. 

I) Antimony: Dissolve 2.7426 g anti­
mony potassium tartrate hemihydrate (ana­
lytical reagent grade), K(SbO)C~H.OH· 
1 /!H~O. in 1,000 mL water; 1.00 mL = 1.00 
mg Sb. 

2) Bismuth: Dissolve 1.000 g bismuth 
metal in a minimum volume of I + I HN03 • 

Dilute to 1,000 mL with 2% (v/v) HN03 ; 

1.00 m L = 1.00 mg Bi. 
3) Cadmium: Dissolve 1.000 g cadmium 

metal in a minimum volume of I + I HCI. 
Dilute to 1,000 mL with water; 1.00 mL = 
1.00 mg Cd. 

4) Calcium: To 2.4972 g CaC03 add 50 
mL water and add dropwise a minimum 
volume of cone HCI (about 10 mL) to com­
plete solution. Dilute to 1,000 mL with 
water; 1.00 mL = 1.00 mg Ca. 

5) Cesium: Dissolve 1.267 g cesium 
chloride, CsCI, in 1,000 mL water; 1.00 
mL = 1.00 mg Cs. 

6) Chromium: Dissolve 2.828 g an­
hydrous potassium dichromate, KzCrzOr. 
in about 200 mL water, add 1.5 mL cone 
HNO~. and dilute to 1,000 mL with water; 
1.00 mL = 1.00 mg Cr. 

7) Cobalt: Dissolve 1.407 g cobaltic 
oxide, Co20:1• in 20 mL hot cone HCI. 
Cool and dilute to 1,000 mL with water; 
1.00 mL = 1.00 mg Co. · 

8) Copper: Dissolve 1.000 g copper 
metal in 15 mL of I + I HN03 and dilute 
to 1,000 mL with water; 1.00 mL = 1.00 
mgCu. 

9) Gold: Dissolve 0.1000 g gold metal 
in a minimum volume of aqua regia. Evap­
orate to dryness, dissolve residue in 5 mL 
cone HCI, cool, and dilute to 100 mL with 
water; 1.00 mL = 1.00 mg Au. 

10) Iridium: Dissolve 1.147 g ammonium 
chloroiridate, (NH~hlrCI •• in a minimum 
volume of 1% (v/v) HCI and dilute to 100 

J 
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II) Iron: Dissolve 1.000 g iron wire in 
50 mL of I + I HNO~ and dilute to 1,000 
mL with water: 1.00 mL = 1.00 mg Fe. 

12) Lead: Dissolve 1.598 g lead nitrate, 
Pb<N0,.)2, in about 200 mL water, add 1.5 
mL cone HNO,., and dilute to 1,000 mL 
with water: 1.00 mL = 1.00 mg Pb. 

13) Lithium: Dissolve 5.324 g lithium 
carbonate, Li 2CO~. in a minimum volume 
of I +I HCI and dilute to 1,000 mL with 
water; 1.00 mL = 1.00 mg Li. 

14) Magnesium: Dissolve 4.952 g mag­
nesium sulfate, MgSO~. in 200 mL water, 
add 1.5 mL cone HN03, and dilute to 
I ,000 mL with water; 1.00 mL = 1.00 mg 
Mg. 

15) Manganese: Dissolve 3.076 g man­
ganous sulfate, MnSO~·H20, in about 200 
mL water, add 1.5 mL cone HNO~, and di­
lute to 1,000 mL with water; 1.00 mL = 
1.00 mg Mn. 

16) Nickel: Dissolve 1.273 g nickel oxide, 
NiO, in a minimum volume of 10% (v/v) 
HCI and dilute to I ,000 mL with water; 
1.00 mL = 1.00 mg Ni. 

17) Platinum: Dissolve 0. 1000 g plati­
num metal in a minimum volume of aqua 
regia and evaporate just to dryness. Add 5 
mL cone HCI and 0. I g NaCJ and again 
evaporate just to dryness. Dissolve residue 
in 20 mL of I + I HCJ and dilute to 100 
mL with water; I .00 mL = I .00 mg Pt. 

18) Pota.uium: Dissolve 1.907 g potas­
sium chloride, KCI, in water and make up 
to 1,000 mL; 1.00 mL = 1.00 mg K. 

19) Rhodium: Dissolve 0.412 g ammo­
nium hexachlororhodate, (NH~hRh Cl6·1.5 
H20, in a minimum volume of 10% (v/v) 
HCI and dilute to 100 mL with 10% (v/v) 
HCI: I .00 mL = I .00 mg Rh. 

20) Rmlrenium: Dissolve 0.2052 g ruth­
enium chloride, RuCI3, in a minimum 
volume of 20% (v/v) HCI and dilute to 100 
mL with 20C7c (v/v) HCI; 1.00 mL = 1.00 
mg Ru. 

2 I) Silver: Dissolve 1.575 g silver ni-

. . . " ~-1 
.. _,e, A.,,. ~a. m \'""·'. add j.J .nL cu· 
HN03, and make up to I ,000 mL; I .00 n, 
= 1.00 mg Ag. 

22) Sodium: Dissolve 2.542 g sodium 
chloride, NaCI, dried at 140 C, in water 
and make up to I ,000 mL; 1.00 mL = 1.00 
mg Na. 

23) Strontium: Dissolve 2.415 g stron­
tium nitrate, Sr(NO~h. in I ,000 mL of lo/r 
(v/v) HN03; 1.00 mL = 1.00 mg Sr. 

24) Thallium: Dissolve 1.303 g thallium 
nitrate, TIN03, in water. Add 10 mL cone 
HN03 and dilute to I ,000 mL with water: 
1.00 mL = 1.00 mg Tl. 

25) Tin: Dissolve 1.000 g tin metal in 
100 mL cone HCI and dilute to 1,000 mL 
with water; 1.00 mL = 1.00 mg Sn. 

26) Zinc: Dissolve 1.000 g zinc metal in 
20 mL I + I HCl and dilute to 1,000 mL 
with water; 1.00 mL = 1.00 mg Zn. 

3. Procedure 

a. Instrument operation: Because of 
differences between makes and models of 
atomic absorption spectrophotometers, it 
is not possible to formulate instructions 
applicable to every instrument. See manu­
facturer's operating manual. In general, 
proceed according to the following: Install 
a hollow cathode lamp for the desired met­
al in the instrument and roughly set the 
wavelength dial according to Table 303:1. 
Set slit width according to manufacturer's 
suggested setting for the element being 
measured. Turn on instrument, apply to 
the hollow cathode lamp the current sug­
gested by the manufacturer, and let in­
strument warm up until energy source sta­
bilizes, generally about 10 to 20 min. Re­
adjust current as necessary after warmup. 
Optimize wavelength by adjusting wave­
length dial until optimum energy gain is 
obtained. Align lamp in accordance with 
manufacturer's instructions. 

Install suitable burner head and adjust 
burner head position. Turn on air and ad­
just flow rate to that specified by manufac­
turer to give maximum sensitivity for the 

mew• beints "'""sureu; • ufn on a~.oc•ylene, 
~J1ust flow rate to value specified, and ig­
nite flame. Aspirate a standard solution 
.• nJ adjust aspiration rate of the nebulizer 
t•• ,,btain maximum sensitivity. Atomize a 
,t .• nJard (usually one near the middle of 
th.: linear working range) and adjust burn­
a hoth up and down and sideways to ob­
t.lln maximum response. Record absorb­
..nce of this standard when freshly pre­
r.ucJ and with a new hollow cathode 
l .• rnp. Refer to these data on subsequent 
,ktcrminations of the same element to 
,heck consistency of instrument setup and 
.• ~ing of hollow cathode lamp and stan­
J,.nJ. 

The instrument now is ready to operate. 
When analyses are finished, extinguish 
tl.une by turning off first acetylene and 
then air. 

h. Standardization: Select at least three 
..:.mcentrations of each standard metal so­
lution (prepared as in ~2/ above) to bracket 
the expected metal concentration of a 
,;,mple. Aspirate each in turn into flame 
.• nJ record absorbance. For calcium and 
magnesium calibration, mix 100 mL of 
,tandard with 10 mL lanthanum solution 
1-.ee ~2/ above) before aspirating. For chro­
mium calibration mix I mL 30% Ht02 with 
c;•ch 100 mL chromium solution before as­
pirating. For iron and manganese calibra­
linn, mix 100 mL of standard with 25 mL 
.-alcium solution (~ 2d) before aspirating. 

Prepare a calibration curve by plotting 
on linear graph paper absorbance of stan­
Jards versus their concentrations. For in­
'truments equipped with direct concentra­
tion readout, this step is unnecessary. 
\\'ith some instruments it may be neces­
,;,ry to convert percent absorption to ab­
'orbance by using a table generally pro­
lided by the manufacturer. Plot calibra-

uOn CUI VC:> for ~aiLI.l' 'IU 111agnt:~IUIII 
based on original cor. .ation of stan-
dards before dilution with lanthanum solu­
tion. Plot calibration curves for iron and 
manganese based on original concentra­
tion of standards before dilution with cal­
cium solution. Plot calibration curve for 
chromium based on original concentration 
of standard before addition of H202. 

Check standards periodically during a 
run. Recheck calibration curve by aspirat­
ing at least one standard after completing 
analysis of a group of samples. For in­
struments with built-in memory, enter one 
to three standards to register a calibration 
curve for use in subsequent sample analy­
sis. 

c. Analysis of samples: Rinse nebulizer 
by aspirating water containing 1.5 mL 
cone HNO:JL. Atomize blank and zero in­
strument. Atomize sample and determine 
its absorbance. 

When determining calcium or magne­
sium, dilute and mix 100 mL sample with 
10 mL lanthanum solution (~ 4f) before 
atomization. When determining iron or 
manganese, mix 100 mL with 25 mL of 
calcium solution (~ 2d) before aspirating. 
When determining chromium, mix I mL 
30% H 20 2 with each 100 mL sample be- • 
fore aspirating. 

Analyze standards at the beginning and 
end of a run and at intervals during longer 
runs. Run a blank or solvent between each 
sample or standard to verify baseline sta­
bility. Determine metal concentration 
from calibration curve. 

4. Calculations 

Calculate concentration of each metal 
ion, in micrograms per liter, by referring to 
the appropriate calibration curve prepared 
according to ~3b. 
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0 3-HN03 reagent. If the membrane 
Iiiier is used add a few drops of anticreep 
,olution to the suspension before filtering, 
to prevent adherence of precipitate to hold­
a. Dry filter and precipitate by the same 

proc · use'· ··-epa I It'' -

a desic~.:ator and weigh. 

5. Calculation 

mg SO,/L = mg BaSO, x 411.6 
mL sample 

.n 

Sulla.+e 
426 C. Turbidimetric Method 

1. General Discussion 2. Apparatus 

a. Principle: Sulfate ion is precipitated 
'"a hydrochloric acid (HCI) medium with 
harium chloride (BaCI2 ) so as to form bari­
um sulfate (BaS04) crystals of uniform 
,jze. Light absorbance of the BaS04 sus­
pt:nsion is measured by a nephelometer or 
transmission photometer and the sulfate 
tun concentration is determined by com­
parison of the reading with a standard 
.:urve. 

b. Interference: Color or suspended 
matler in large amounts will intetfere. 
Some suspended matter may be removed 
1'-y filtration. If both are small in com­
parison with the su!fate ion concentration, 
.:nrrect for intetference as indicated in 
~ 4</ below. Silica in excess of 500 mg!L 
"'ill intetfere, and in waters containing 
brge quantities of organic material it may 
not be possible to precipitate BaS04 satis­
fa~torily. 

Sulfite may be oxidized to sulfate during 
Jnalysis to give a positive error. Rinse 
~la~sware thoroughly after using chromic 
.t.:id cleaning solution to remove all traces 
nf sulfate. 

In potable waters there are no ions other 
than sulfate that will form insoluhle com­
p,tunds with barium under strongly acid 
.:nnditions. Sample temperature control is 
tmportant for reproducibility of results. 
Prepare calibration curve and analyze 
';tmples adjusted to the same temperature 
'" the range 20 to 25 C. For conditioning 
reagent use reagents low in sulfates. 

c. Minimum detectable concentration: 
\pproximately I mg S04/L. 

tl. Magnetic stirrer: Use a constant stir­
ring speed. It also is convenient to incor­
porate a fixed resistance in series with the 
motor operating the magnetic stirrer to 
regulate speed of stirring. U~e magnets of 
identical shape ·and size. The exact speed 
of stirring is not critical, but keep constant 
for each run of samples and standards and 
adjust to about the maximum at which no 
splashing occurs . 

b. Photometer: One of the following is 
required, with preference in the order giv­
en: 

I) Nephelometer. 
2) Spectrophotometer, for use at 420 

nm, providing a light path of 4 to 5 em. 
3) Filter photometer, equipped with a 

violet filter having maximum trans­
mittance near 420 nm and providing a light 
path of 4 to 5 em. 

c. Stoptl'(llch or electric timer. 
d. Measuring spoon, capacity 0.2 to 0.3 

mL. 

3. Reagents 

a. Conditioning reagent: Mix 50 mL 
glycerol with a solution containing 30 mL 
cone HCI, 300 mi. distilled water. 100 mi. 
95% ethyl or isopropyl akohol. and 75 g 
NaCI. 

b. Barium chloride, BaCI2 , crystals 
sized for turbidimetric work. • To ensure 
uniformity of results, construct a standard 
curve for each batch of BaCit crystals. 

• Baker No. 0974 or equiv~tenL 
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c. . . . _ _, "" ... ~ sol.. .. v ... Prepu• .. a.1 

standard su. solution as described in 1) 
I·· or 2) below; 1.00 mL = 100 p.g S04 • 

I) Dilute I 0.41 m L standard 0.0200N 
H2SO< titrant specified in Alkalinity, Sec­
tion 403.3c, to 100 mL with distilled water. 

2) Dissolve 147.9 mg anhydrous 
Na2SO, in distilled water and dilute to 
I,OOOmL 

4. Procedure 

a. Formation of barium sulfate turbid­
ity: Measure 100 mL sample, or a suitable 
portion made up to 100 mL, into a 250-mL 
erlenmeyer flask. Add 5.00 mL condi­
tioning reagent and mix in stirring appa­
ratus. While stirring, add a spoonful of 
8aCI2 crystals and begin timing immedi­
ately. Stir for 1.0 min at constant speed. 

h. Measurement ~~f barium Ju/fate wr­
bidity: Immediately after stirring period 
has ended, pour solution into absorption 
cell of photometer and measure turbidity 
at 30-sec intervals for 4 min. Because 
maximum turbidity usually occurs within 

1 2 min and readings remain constant there­
~ after for 3 to 10 min, consider turbidity to 
1 

be the maximum reading obtained in the 4-
min interval. 

c. Preparation of calibration curve: Es­
timate sulfate concentration in sample by 
comparing turbidity reading with a calibra­
tion curve prepared by carrying sulfate 
standards through the entire procedure. 
Set photometer or nephelometer at zero 

i -
st. ....... conccmration usmg distilled water. 
Determine reading on a distilled water 
control sample treated for sulfate analy\i, 
and, by subtraction, use this result to cor 
reel readings on standard sulfate and sam 
pies. Space stand'ards at 5-mg/L in 
crements in the 0- to 40-mg/L suiLth 
range. Above 40 mg/L the accuracy of tlh· 
method decreases and the suspension\ ,,, 
BaSO< lose stability. Check reliability "' 
calibration curve by running a stand;u.J 
with every three or four samples. PerioJ 
ically inspect photometer or nephelomct(r 
sample cell for BaS04 deposition and kcl'p 
cell clean. 

d. Correction for sample color ancl tm 
bidity: Correct for color and turbidity ir. 
the sample by running blanks from whid1 
the BaCI2 is withheld. 

5. Calculation 

mg SO/L "' mg soi X I ,000 
mL sample 

6. Precision and Accuracy 

A synthetic sample containing 259 mr: 
SO.fL, 108 mg CalL, 82 mg Mg/L, 3.1 m1= 
K/L, 19.9 mg NaiL, .241 mg CI-/L, 0.25tr 
mgN02--N/L, l.lmgN03--N/L,and4~.~ 
mg total alkalinity/L (contributed O) 
NaHC03) was analyzed in 19 laboratoric:' 

. by the turbidimetric method, with a rcla· 
tive standard deviation of 9.1% and a rc!b· 
tive error of 1.2%. 

426 D. Automated Methylthymol Blue Method (TENTATIVE) 
1 . General Discussion 

a: Principle: Barium sulfate is formed 
by the reaction of the sulfate ion with bari­
um chloride (8aCI2 ) at a low pH. At high 
pH excess barium reacts with methyl­
thymol blue to produce a blue chelate. The 

uncomplexed methylthymol blue is gray. 
The amount of gray uncomplexed met h)!­
thymol blue indicates the concentration lll 
sulfate ion. 

b. Interferences: Because many cation' 
interfere, use an ion exchange column 111 

remove interferences. 

_L )ULFAI E:/Automallld Meltlyltllymol tllue Mett1od 
- ~-- --- ------.-· -~ 
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Figure 426: I. Sulfate manifold. 

, . Application: This method is appli­
..• hie to potable, surface, and saline wa­
·n, as well as domestic and industrial 
• -"tcwaters over a range from about 10 to 
'•~I mg S04/L. 

2 Apparatus 

"· Automated analytical equipment, 
·''"'i'ting of the components listed in Sec­
··n lil2.1 and 460-nm filters. 
''· /on exclumge column: Fill a piece of 

: :11m·ID glass tubing about 20 em long 
· .:h the ion exchange resin. • To simplify 
:hng column put resin in distilled water 

o:·.,J ;t\pirate it into the tubing, which con-

·: n n~hange resin Bio-Rex 70, 20-50 mesh, sodium 
"~'~ •vaitable from Bio-Rad Laboratories, Rich· 

"·-"'J. Calif. 94804, or equivalent. 

tains a glass wool plug. After filling, plug 
other end of tube with glass wool. Avoid 
trapped air in the column . 

3. Reagents 

a. Barium clr/oricle solution: Dissolve 
1.526 g BaCI~·2H 20 in 500 mL distilled wa· 
ter and dilute to I L. Store in a polyethyl· 
ene bottle. 

h. Ml'thylthymol hlue reagent: Dissolve 
118.2 mg methylthymol bluet in 25 mi. 
BaCI2 solution. Add 4 mL IN HCI and 71 
mL distilled water and dilute to 500 mL 
with ethanol. Store in a brown glass 
bottle. Prepare fresh daily. 

tEa~lman Organic Chemicals. Rochester, N.Y. 1~615. 
No. 8068. 3', 3" Bis (N .N-bis(carbo•ymethyll-aminol· 
melhyl]lhymolsulfonphlhalein penla~odium ~all. 
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ATIACHMENT~#9 

CYANIDE, TOTAL 

Method 335.3 (Colorimetric, Automated UV) 

STORET NO. 00720 

1. Scope and Application 
1.1 This method is applicable to the determination of cyanide in drinking and surface waters, 

domestic and industrial wastes. 
1.2 The applicable range is 5 to 500 ug/1. 

2. Summary of Methods 
2.1 The cyanide as hydrocyanic acid (HCN), is released from cyanide complexes by means of 

UV digestion and distillation. Cyanides are converted to cyanogen chloride by reactions 
with chloramine-T which subsequently reacts with pyridine and barbituric acid to give a 
red-colored complex. 

3. Sample Handling and Preservation 

4. 

3.1 The sample should be collected in plastic bottles of 1 liter or larger size. All bottles must 
be thoroughly cleansed and thoroughly rinsed to remove soluble material from 
containers. 

3.2 Samples must be preserved with 2 m 1 of 10 N sodium hydroxide per liter of sample (pH 
~ 12) at the time of collection. 

3.3 Samples should be analyzed as rapidly as possible after collection. If storage is required, 
the samples should be stored in a refrigerator or in an ice chest filled with water and ice to 
maintain temperature at 4•c. 

3.4 Oxidizing agents such as chlorine decompose most of the cyanides. Test a drop of the 
sample with potassium iodide-starch test paper (KI starch paper); a blue color indicates 
the need for treatment. Add ascorbic acid, a few crystals at a time, until a drop of sample 
produces no color on the indicator paper. Then add an additional 0.6 g of ascorbic acid 
for each liter of sample volume. 

Interferences 
4.1 Thiocyanates are a positive interference. During the UV digestion thiocyanates are 

decomposed to cyanide. 
4.2 Sulfides adversely affect the colorimetric procedure. If a drop of the sample on lead 

acetate test paper indicates the presence of sulfide, treat 25 m 1 more of the stabilized 
sample (pH ~ 12) than that required for the cyanide determination with powdered 
cadmium carbonate. Yellow cadmium sulfide precipitates if the sample contains sulfide. 
Repeat this operation until a drop of the treated sample solution does not darken the lead 
acetate test paper. Filter the solution through a dry filter paper into a dry beaker, and 
from the filtrate, measure the sample to be used for analysis. Avoid a large excess of 
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5. 

cadmium and a long contact time in order to minimize a loss by complexation or 
occlusion of cyanide on the precipitated material. 

Apparatus 
5.1 Technicon AutoAnalyzer 

5.1.1 Sampler 
5.1.2 Manifold with UV digestor 
5.1. 3 Proportioning pump 
5.1.4 Heating bath with distillation coil 
5.1.5 Distillation head. 
5.1.6 Colorimeter equipped with a 15 mm flowcell and 570 nm filter. 
5.1.7 Recorder. 

6. Reagents 
6.1 Distillation reagent: Carefully add 250 ml of 85% phosphoric acid and 50 ml of 

hypophosphorus acid to 700 m 1 of distilled water, mix and dilute to one liter with 
distilled water. 

6.2 Phosphate buffer, pH 5.2: Dissolve 13.6 g of potassium dihydrogen phosphate and 0.28 g 
of disodium phosphate in 900 m 1 of distilled water and dilute to one liter. 

6.3 Chloramine-T: Dissolve 2.0 g of chloramine-Tin 500 m 1 of distilled water. 
6.4 Pyridine barbituric acid reagent: Place 15 g of barbituric acid in a one liter beaker. Wash 

the sides of the beaker with about 100 ml of distilled water. Add 75 ml of pyridine and 
mix. Add 15 m 1 of cone. HC1 and mix. Dilute to about 900 m 1 with distilled water and 
mix until all the barbituric acid has dissolved. Transfer the solution to a one liter flask 
and dilute to the mark. 

6.5 Sodium hydroxide, 1 N: Dissolve 40 g of NaOH in 500 m 1 of distilled water and dilute to 
one liter. 

6.6 Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g KOH in 900 m 1 of distilled 
water and mix. Dilute to one liter. Standardize with 0.0192 N AgN03 to appropriate 
concentration. 1 m 1 = 1 mg CN. 

6. 7 All working standards should contain 2m 1 of 1 N NaOH (6.5) per 100m 1. 

7. Procedure 
7.1 Set up the manifold as shown in Figure 1 in a hood or a well-ventilated area. 
7.2 Set temperature of the heating bath at 150°C. 
7.3 Allow colorimeter and recorder to warm up for 30 minutes. Run a baseline with all 

reagents, feeding distilled water through the sample line. 
7.4 Place appropriate standards in the ·sampler in order of decreasing concentration. 

Complete loading of sampler tray with unknown samples. 
7.5 When the baseline becomes steady begin the analyses. 

8. Calculation . 
8.1 Prepare standard curve by plotting peak heights of standards against concentration 

values. Compute concentrations. of samples by comparing sample peak heights with 
standards. 

9. Precision and Accuracy . 
9.1 Precision and accuracy data are not available at this time. 
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Determination of free cyanide using a microdiffusion-photometric 
technique 

(Communication from Analytical Research Department, Kaiser Aluminum & Chemical Corporation. 
Pleasanton) 

Discarded linings from aluminium reduction cells contain 
complexed cyanides'). These linings can be duinoed in an 
open storage area and when rainfall occurs, the cyanides 
are leached out and may contaminate ground and surface 
waters. The United States Environmental Protection Agency 
has proposed stringent ambient quality criteria for free 
cyanide'). To protect fresh water aquatic life the criterion is 
0.0035 mg/1 CN- as a 24-hr average, and the concentration 
should not exceed 0.052 mg/1 at any time. For the protection 
of human health the ambient water quality criterion is 0.200 
mg/1 total cyanide. 

To measure free cyanide a reliable, sensitive, and accurate 
method is needed. A recent publication presents an excel­
lent critical review of analytical methods for determining to­
tal and free cyanide, molecular hydrogen cyanide, and cya­
nide amenable to chlorination 3

). For this investigation free 
cyanide is defined as the cyanic species including hydrocy­
anic acid, ionic cyanides, and complex cyanides which dis­
sociate to HCN at pH 7. The microdiffusion technique of 
Kruse and Thibault4

) is the basis for isolating free cyanide in 
ground, surface, and outfall water systems. The free cya­
nide is determined using either manual pyridine/barbituric 
acid photometry5

) or an automated colorimetric technique"). 

Experimental 

Microdiffusion procedure 

For the samples preserved at pH > 12, take a 10-ml aliquot and de­
termine the volume of 0.5M KH,PO. necessary to adjust the pH to 7.0 
± 0.1 using microliter pipets and a pH meter. Lubricate the outer rim 
of a Conway microdiffusion dish (Corning) with silicone stopcock 
grease to ensure a gas-tight seal with the cover. Add 3.00 ml of 0.1 M 
KOH to the center section. Pipet 10.00 ml of sample into the outer 
chamber. Using a variable volume microliter pipet, add the volume of 
0.5M KH,PO. necessary to attain pH 7.0. Immediately stir the sample 
solution with a plastic rod and seal the dish with the cover. Place the 
dish in the dark and allow it to stand overnight. 

Analytical procedure manual finish 

Apparatus: Beckman DU spectrophotometer equipped with a Gilford 
Model 252 photometer or equivalent. 

Reagents: Stock KCN solution, 1 000 mg/1 CN- - Dissolve 1.25 g of 
reagent grade KCN in 500 ml of 0.1 M KOH. Store in a plastic bottle. 
Standardize weekly with 0.0192N AgNO, using rhodanine indicator'). 

Dilute KCN solution, 10 mg/1 CN- -Pipet 500 111 of stock KCN into a 
50-ml volumetric flask. Dilute to volume with 0.1 M KOH. Prepare 
fresh daily. 

pH 5 phosphate solution- Dissolve 13.6 g of KH,PO. and 0.27 g of 
Na 2HPO. · 7H 20 in 1 I of H20. 

Chloramine-T solution- Dissolve 2.0 g of chloramine-T (J. T. Baker 
Chemical Co.) in 500 ml of water. Prepare daily. 

Pyridine-barbituric acid solution - Place 15 g of barbituric acid (Al­
drich Chemical Co.) in a one-liter volumetric flask and add -100 ml 
of water to wash the sides of the flask and wet the barbituric acid. 
Add 75 ml of pyridine and mix. Add 30 ml of 6N HCI and mix. Dilute 
to about 900 ml with water and mix until all the barbituric acid has 
dissolved. Dilute to volume with water. Store in a dark bottle. 

Calibration: To a series of six 25-ml volumetric flasks, add 0, 25, 50, 
100, 200 and 300111 of the 10 mg/1 CN- standard solution. Add to each 

flask with mixing 3.0 ml of 0.1 M KOH. and without delay, 10 ml of pH 
5 phosphate solution, 2 ml of chloramine-T solution, and 3 ml of pyri­
dine-barbituric acid solution. Dilute to volume with water and mix 
well. After 12 minutes measure the absorbance at 580 nm in 1-cm 
cells using water as a reference. 

Procedure: Using water and a Pasteur pipet quantitatively transfer 
the contents of the center section of the microdiffusion dish into a 
25-ml volumetric flask. Add with mixing, and without delay, 10 ml of 
pH 5 phosphate solution, 2 ml of chloramine-T solution, and 3 ml of 
pyridine-barbituric acid solution. Complete the analysis as described. 
If the absorbance exceeds the absorbance of the highest standard, 
repeat the complete determination using a smaller aliquot in the 
microdiffusion process. 

Analytical procedure, AutoAnalyzer finish 

Analyses by the AutoAnalyzer were performed with minor modifica­
tions of the manufacturer's recommended method"). The Sampler IV 
30/hr cam was changed from a 4: 1 cam to an 1 : 2 cam. The latter 
provided a 40-second sample and an SO-second water wash. This en­
abled nearly baseline resolution between full-scale peaks and al­
lowed successful analysis of consecutive samples of widely varying 
CN- concentration. A precell de bubbler was added oeliminate small 
bubbles. The heating bath was controlled at 160°C using an RFL In­
dustries Model 70-115 temperature controller. A Technicon AutoAn­
alyzer II Recorder and Digital Printer were used to record the cyanide 
values. 

The U. V. and distillation stages are unnecessary in this free cyanide 
determination. These stages are required for determining total cya­
nide which was performed at the same time. The preparation of rea­
gents are described elsewhere"). 

Preparation of standards: To a series of six 100-ml volumetric flasks 
add 0, 200, 500, 1000, 2000, and 3000111 of the 10 mg/1 eN- standard 
solution. Dilute to volume with 0.1 M KOH. Prepare daily. 

Preparation of samples: Using 0.1 M KOH quantitatively transfer the 
contents of the center section of the diffusion dish into a 10-ml volu­
metric flask and dilute to volume with 0.1 M KOH. If the free cyanide 
is c;; 0.01 mg/1, analyze without dilution the contents of the center 
section to enhance the response. If the free cyanide content is > 0.30 
mg/1, repeat the complete determination using a smaller aliquot in 
the microdiffusion process. 

Procedure: Establish a baseline (set to zero) with all reagents, sup­
plying distilled water through the sample line. When the baseline be­
comes stable, analyze the standards in order of decreasing concen­
tration. Set the recorder/digital printer with the highest standard to 
read full-scale deflection. Prepare a standard curve and determine 
the sample's concentration by comparing sample peak heights with 
the calibration. 

Results and discussion 

Microdiffusion process 

The microdiffusion step is necessary to separate the free 
cyanide from interfering ions. Thiocyanate is potentially 
present in cyanide-containing solutions and quantitatively 
interferes in the cyanide photometric method. The photo­
metric method is sensitive to varying levels of diverse ions, 
and the diffusion process provides a constant matrix_ The 
isolation of the free cyanide from complexed cyanide is im­

perative if the automated colorimetric procedure is used. 

The AutoAnalyzer measures total cyanide which includes 
complexed cyanides as strong as hexacyanoferrate (II) and 
hexacyanoferrate (Ill). 
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hydrogen cyanide (boiling point 26°C) at pH 7 and its ab­
sorption in caustic solution. Hydrocyanic acid is a weak acid 
with an ionization constant of 6 x 10 -•o 1 ). At pH 7, less than 
1% of the CN -;HCN is in the dissociated form. Samples pre­
served at pH 12 must be adjusted to pH 7 prior to the diffu­
sion process. A KH,PO. solution was used since phosphate 
offers excellent buffering capacity at pH 7. 

Selected metal ions which form cyanide complexes of di­
verse stability were subjected to the microdiffusion process. 
The cyanide complexes of cadmium (11), lead (II), manga­
nese (11), and zinc (II) were quantitatively dissociated at pH 
7. Copper (1), iron (11), iron (Ill). nickel (11), and silver (1) cya­

nide complexes are sufficiently strong so that the cyanide is 
not significantly dissociated under the conditions of the 
microdiffusion process. 

The partial dissociation of complex cyanides, such as hexa­
cyanoferrate (II) becomes possible in solutions having lower 
pH values. Samples of a drain outfall and ground water 
which contained cyanide and hexacyanoferrate (II) were 
subjected to the microdiffusion process at pH 6 and at pH 7. 
The higher free cyanide results, as reported in table 1, for 
the pH 6 diffusion are attributed to dissociation of iron-cya­
nide complexes at this pH. Results presented later demon­
strate that pH 7 diffusion effects quantitative recovery of 
free cyanide. 

Table 1: Determination of free cyanide: pH 6 and pH 7 diffusion 

Sample 

Ground water 
Outfall-A 
Outfall-8 
K.Fe(CN), 

Free cyanide content in mg/1 
pH 6 diffusion pH 7 diffusion 

0.027 
0.145 
0.011 
0.029% 

0.020 
0.131 
0.009 
0.007% 

Owing to the potential sunlight-induced dissociation of 
complex iron cyanides9

) the microdiffusion process was 
tested for K.Fe(CN)6 -containing samples in the dark and un­
der a sunlamp. The results indicate there is insignificant dis­
sociation of hexacyanoferrate (II) in the dark. The samples 
subjected to the sunlamp treatment showed 85% dissocia­

tion from hexacyanoferrate (II) to cyanide ion. Thus it is rec­
ommended that the microdiffusion process be conducted in 
the dark. 

To determine the minimum time for quantitative diffusion, a 
sample of ground water containing 0.02 mg/1 CN- was al­
lowed to diffuse for 2, 4, 6 and 16 hours. The results indicate 
complete CN · recovery after a 6-hr diffusion period. The 
overnight 16-hr diffusion period was considered the most 
practical to complete the analyses, and it was therefore 
used throughout this investigation. 

Photometric finish 

The analytical finish is based upon the method of Asmus 
and Garschagen 5

). The caustic solution containing CN- is 
neutralized with acid phosphate sol~tion. Chloramine-T is 
added to oxidize CN- to CNCI which reacts with pyridine 
and then with barbituric acid to form a purple dye whose 
wavelength of maximum absorbance is 580 nm. As deter­

mined by the manual method, the molar absorptivity is 
130,000 l/mole ·em. The Absorptiometric Sensitivity Index, 
as defined by Sandell'0 ), is 0.00020 J.Lg/cm2

. Full color devel­

opment occurs 12 minutes after addition of the pyridine­
barbituric acid solution. The color is stable for 50 minutes. 
The calibration curves for the manual and automated meth­
ods are rectilinear to 0.3 mg/1 cyanide, the maximum level 
recommended in the microdiffusion process. 

.,,...,u'"'Y or cyan1ae solutrons 

Samples of ground and surface water at neutral pH were 
spiked with KCN at < mg/1 levels. The samples were ana­
lyzed for free cyanide, and the results showed significant 
loss of cyanide after one day's storage. Potassium cyanide 
was added to a cyanide-free ground water sample to 0.21 
mg/l CN- level. After a one-day holding period the sample 
was analyzed for free cyanide, and a value of 0.18 mg/1 was 
obtained. 

It was determined that samples must be adjusted to pH 
;;.12 to retain free cyanide. Synthetic solutions containing 
cyanide and hexacyanoferrate {II) as well as ground and sur­
face water samples containing cyanide and complexed cya­
nide were adjusted to pH > 12 and stored for 6 weeks. The 
free cyanide contents ranged from 0.001 to 0.9 mg/1 and 
showed no significant loss during the storage period. 

Solutions of hexacyanoferrate (II) and of hexacyanoferrate 
(Ill) were prepared in pH 12 NaOH solution and stored in 

borosilicate glassware under fluorescent lights and in am­
ber polyethylene bottles in the dark. The free cyanide con­
tents were determined over a 6-week period. The samples 
contained in glassware showed significant dissociation after 
3 days. The samples stored in the dark were stable for 6 
weeks. 

It is recommended that water samples be adjusted to pH 
> 12 immediately after collection. Storage of samples in 
amber plastic bottles in the dark is satisfactory for at least a 
3-week holding period. The EPA has proposed a maximum 
holding time of 14 days"). 

Interferences 

Sulfide, cyanate and thiocyanate ions can be present in cya­
nide-containing water samples. Their effect on the microdi.f­
fusion analysis was determined. Sulfide solutions of 0.1 and 
1.0 mg/1 spiked, respectively, with 0.02 and 0.2 mg/1 cyanide 
gave cyanide recoveries of 100 and 104%. The equivalent 
sulfide solutions indicated no free cyanide. Likewise no 
measurable cyanide was attributable to cyanate. At the 1 
mg/1 OcN- level the recovery of 0.2 mg/1 CN- was 96%. 
Synthetic samples containing thiocyanare at concentrations 
of 1, 10 and 100 mg/1 were analyzed. No apparent cyanide 
was detected in the samples. 

Table 2: Recovery of cyanide by microdiffusion separation 

Free cyanide 
added in mg/1 

0.0050 
0.0100 
0.0200 
0.200 
0.300 
0.500 

·) :cr. 3 determinations 

Average cyanide 
found in mg/1 

0.0050 
0.0100 
0.0203 
0.194 
0.294 
0.469 

Recovery in% 

100 
100 
102 
97 
98 
94 

Table J: Determination of free cyanide in the presence of ferrocyanide 

Composition 

0.005 mg/1 eN·. 0.274 mg/1 Fe(CN), •• 
0.038 mg/1 CW, 1.37 mg/1 Fe(CN). •· 
0.202 mg/1 CN'. 6.87 mg/1 fe(CN), ,. 
0.948 mg/1 CN-. 13.7 mg/1 Fe(CN)e'' 

Accuracy and precision 

CN- found 

0.005. 0.006 
0.038, 0.038 
0.194. 0.195 
0.910. 0.923 

A vg. recovery in 
% 

110 
100 
96 
97 

The efficiency of the microdiffusion process was deter­

mined by analyzing KCN solutions of concentrations varying 
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recovery and precision up to 0.3 mg/1 level. The accuracy 
was evaluated by preparing synthetic solutions containing 
potassium cyanide and potassium hexacyanoferrate (11). 

Table 4: Precision analysis of the free cyanide determination 

Material X in mg/1 sin mg/1 Rei. Std. Oev. 

KCN/K..Fe(CN), 0.006 0.0007 13 
KCN/K..Fe(CN). 0.038 0.0000 0 
KCN/K..Fe(CN), 0.195 0.0007 0.4 
KCN/K..Fe(CN), 0.917 0.0092 1.0 
Outfall 0.041 0.0035 8.7 
Surface water 0.062 0.0015 2.3 

Table 5: Interlaboratory determination of free cyanide in ground and surface 
water, in mg/1 

Sample Laboratory Laboratory Difference 
A B 

Ground water <0.001 <0.001 
Surface water 0.003 0.005 0.002 
Surface water 0.067 0.065 0.002 
Ground water 0.093 0.091 0.002 
Ground water 0.232 0.245 0.013 
Ground water 0.950 0.988 0.038 

The compos1t1on and the analytical results for 4 standard 
solutions are given in table 3. The results indicate excellent 
recovery of the added cyanide in the presence of hexacya­
noferrate (II). Precision tests were conducted by same-day 
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ed in table 4. As a measure of reproducibility of the free cy­
anide determination, water samples were analyzed by two 
laboratories using the microdiffusion-AutoAnalyzer tech­
nique. Test results presented in table 5 indicate good agree­
ment. 

The authors thank Dale A. Schmidt who collected and analyzed 
many of the samples. 
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CENTURY TESTING LABORATORIES, INC. 

QUALITY ASSURANCE PROGRAM 

CHEMISTRY 

I. ANALYTICAL QUALITY CONTROL 

SAMPLE COLLECTION 

A. Samples must be representative of the water supply. 

B. Sample collection must be in accordance with EPA sampling 
procedures referred to in EPA-570/9-82-002. 

C. Sample preservation and holding times should be the same 
as found in EPA 570/9-82-002. 

D. Sample custody procedure will comply with those specified 
in EPA 570/9-82-002. 

INORGANIC CONTAMINANTS 

A. Check standard curves each day that samples are deter­
mined using the Beckman spectrophotometer. 

o Check As, F, N03-N, P, S04, NH3-N and Silica. 

• Record results in quality control log book. 

• If 20 or more samples are analyzed, run an addi­
tional check. 

• Deviation should be less than 10%. 

B. Calibrate pH meter prior to use with fresh standard 
buffers at pH 7.0 and 4.0 or 10.0 whichever is appro­
priate. 

• Check ph meter calibration weekly by adjusting meter 
to 7.0 with buffer pH 7.0, then check the readings 
with buffers pH 4.0 and pH 10.0. 

• Record results in quality control log book. 

o Results should be within 0.2 pH units. 

C. Concentrate metal standards using the same procedure as 
samples. 

• Standards should be 0.05 mg/1 before concentration. 

o Use concentrated standards (1.0 mg/1) to set AA at 
1. 0 mg/1. 

• Concentrate a blank using the same procedure and­
adjust sample results. 
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ORGANIC CONTAMINANTS 

A. For each day an analysis is made, run a laboratory method 
blank. 

1 Prepare the water by distilling in an all glass 
system. 

• Analyze blank with the same procedure used to analyze 
samples. 

B. Check EPA certified quality control standards each quarter. 

C. When an organic contaminant is detected check retention 
time with column OV-17 (1.5%) QF-1 (1.95%) 100-120 mesh 
gas chrom Q or column OV-210 {5%) gas chrom Q 100-120 
mesh to verify the contaminant. 

D. Quantify the contaminants level by running three cali­
bration standards close to the level of the contaminant. 

II. EQUIPMENT AND SUPPLIES QUALITY CONTROL 

A. Check analytical balance with class S weights monthly. 

B. Maintain service contract on analytical balance. 

C. Maintain service contract on AA spectrophotometer. 

D. Check all thermometers with certified thermometer annually 
: or when a new thermometer is used. 

E. Check Beckman Model B spectrophotometer with holmium 
oxide filter to verify wave length settings. Checks 
should be made annually or when the instrument is moved 
or repaired. 

F. Date all chemicals when first opened. 

G. Make monthly conductivity checks on distilled water. 
Conductivity should be less than 2 micromhos/cm. 

H. Preventive maintanence should be conducted on all equip­
ment quarterly and recorded in log book. 
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Chapter IV 

Chemistry· 

Critical Elements 
1 for Certi.fication 

T he technical criteria in this chapter are 
divided into two sections: Critical Ele­

ments for Certification and Recommended 
Practices. Only the first section will be used 
to determine certification status. 

1 . Personnel 
Although there are no critical elements for 
laboratory analysts, laboratory administra­
tors and evaluators should recognize train­
ing and experience as essential to the 
acquisition of valid compliance monitoring 
data. Recommended minimum standards 
can be found in Recommended Practices. 

2. Laboratory Facilities 
•e are no critical elements for certifica­
of laboratory facilities for chemistry. 

i !Vnnimum standards are inherent to the 
instrumentation required to perform the 
tests. Additional recommendations may be 
found in Recommended Practices. 

3. Laboratory Equipment and 
Supplies 
)nly those instruments needed to perform 

' the approved methodology for the contami­
nants for which the laboratory is being 

· :ertified are required. Those instruments, 
1owever. must meet the f::lllowing specifi-

' cations. Additional useful information is 
available in the document "Guidelines for 
·he Selection of Laboratory Instruments," 
t.VVWA No. M 15, American Water Works 

· r~.ssociation. 

3.1 General 

1.1.1 Analytical balance: Sensitivity of at 
least 0.1 mg. The balance must be 
seated on a steady base to prevent 
interference due to vibration and 
should be protected from interfer­
ence due to air currents. 

3.1 .2 Magnetic stirrer: Variable speed, 
with stirring bar coated with inert 
material. 
pH meter: Accuracy, ±0.05 units. 
Scale readability, ± 0.1 units. Labora­
tories purchasing a new pH meter are 
strongly advised to purchase one 
capable of functioning with specific 

EXERPT: EPA 570/9-82-002 

ion electrodes. Unit may be line/ 
bench or battery/portable operated. 

3.1.4 Conductivity meter: Suitable for 
checking distilled water quality. 
Should be readable in ohms or mhos, 
have a range from 2 ohms to 2 meg­
ohms or equivalent micromhos ± 1 
percent. Unit may be line/bench or 
battery/portable operated. 

3.1.5 Hot plate: Large or small units with 
selectable temperature controls for 
safe heating of laboratory reagents. 

3.1.6 Refrigerator: A standard kitchen type 
domestic, commercial, or laboratory 
grade refrigerator for storage of 
aqueous reagents and samples. 

3.1.7 Drying oven: Gravity or mechanical 
convection units with selectable 
temperature control from room tem­
perature to 180°C (±2°) cir higher. 

3.1.8 Thermometer: Any good grade 
mercury-filled centigrade thermome­
ter with 1 oc or finer subdivisions 
calibrated to 180°C or higher. 

3.2 Inorganic contaminants 

3.2.1 Photometer: 
3.2.1.1 Spectrophotometer: Usable 

wavelength range, 400 to 
700 nm. Maximum spectral 
bandwidth, no more than 20 
nm. Wavelength accuracy,± 
2.5 nm. Photometer must be 
capable of using several 
sizes and shapes of absorp­
tion cells providing a sample 
path length from approxi­
mately 1 to 5 em. 

3.2.1.2 Filter photometer (abridged 
spectrophotometer): Capable 
of measuring radiant energy 
in range of 400 to 700 nm. 
Relatively broad bands (10 to 
75 nm) of this radiant energy 
are isolated by use of filters 

· or other isolation device at or 
near the maximum absorp­
tion of the colorimetric meth­
ods. Photometer should be 
capable of using several 
sizes and shapes of absorp­
tion cells providing a sample 
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path length varying from 
approximately 1 to 5 em. 

3.2.2 Specific ion meter: Readable and 
accurate to± 1 mV. Unit may be line/ 
bench or battery/portable operated. 

3.2.3 Electrodes: pH electrodes, specific 
ion electrodes and reference elec­
trodes as specified by the individual 
method. 

3.2.4 Stirred water bath: For operation up 
to 1 oooc (with gable lid). 

3.2.5 Automated analysis systems: Exact 
equipment used is specified by the 
individual method; includes: 

3.2.5.1 Sampler 

3.2.5.2 Proportioning pump 

3.2.5.3 Manifold or analytical car-
tridge 

3.2.5.4 Heating bath 

3.2.5.5 Heating bath with distillation 
head 

3.2.5.6 Continuous filter 

3.2.5.7 Colorimeter with filters 

3.2.5.8 Jon selective electrode detec-
tor with electrodes 

3.2.5.9 Recorder 

3.2.6 Arsine gel'lerator and absorption 
system: A Gutzeit generator or 
equivalent used in conjunction with 
an absorber tube or assembly. 

3.2.7 Atomic absorption spectrophotome­
ter: Single-channel, single- or double­
beam instrument having a grating 
monochromator, photomultiplier 
detector, adjustable slits, a wave­
length range of at least 190 to 800 
nm. 

3.2. 7.1 Readout system: An appro­
priate readout system that 
has a response time capable 
of measuring the atomic 
absorption signal generated 
is required. This includes the 
capability to detect positive 
interference on the signal 
from intense non-specific 
absorption. In furnace anal­
ysis a strip chart recorder 
must be used for verification 
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of adequate background cor­
rection if a CRT video readout 
or hard copy plotter is not 
available. The recorder must 
have a chart width of 1 0 
inches or 25 em, full scale 
response time of 0.5 sec. or 
less. 1 0- or 1 00-mV input to 
match the instrument and 
variable chart speeds of 5 to 
50 em/min, or equivalent. 

3.2.7.2 Fuel and oxidant: Commer­
cial grade acetylene is gener­
ally acceptable. Air may be 
supplied from a compressed 
air line, a laboratory com­
pressor, or from a cylinder of 
compressed air. Reagent 
grade nitrous oxide is also 
required for certain determi­
nations. Standard, commer­
cially available argon and/or 
nitrogen are required for 
furnace work, and hydrogen 
is required for the flame 
hydride systems. The sup­
plies of fuel and oxidant shall 
be maintained at pressures 
somewhat higher than the 
controlled operating pres­
sure of the instrument by 
suitable valves. 

3.2.7.3 Burner: The burner recom­
mended by the particular 
instrument manufacturer 
and consistent with the 
approved method should be 
used. For certain elements 
th~ nitrous oxide burner is 
required. 

3.2.7.4 Hollow cathode lamps: Sin­
gle element lamps are to be 
preferred but multi-element 
lamps may be used. Elec­
trodeless discharge lamps 
may also be used. 

3.2. 7.5 Graphite furnace: Any fur­
nace device capable of 
reaching the specified tem­
peratures is satisfactory. 

3.2.7.6 Pipets: Microliter with dis­
posable tips. Sizes can range 
from 5 to 100 microliters as 
required. Pipet tips which are 
white in color and do not 
contain CdS have been found 
suitable. 

3.2.7.7 Background corrector: A 
background correction sys­
tem or provision for a subse­
quent analysis using a non­
absorbing line is required for 
furnace analysis. 

3.2.7.8 Separatoryfunnels: 250 mL. 
or larger, for extraction with 
organic solve~s. 

3.2.7.9 Hydride generation system: 
Any gaseous hydride system 

used in conjunction with an 
atomic absorption spectro­
photometer equipped for 
direct aspiration analysis. 

3.2.8 Mercury cold vapor analyzer: Com­
mercially available vapor mercury 
analyzer can be substituted for the 
equipment listed below. 
3.2.8.1 Absorption cell: Standard 10 

em quartz cell with end win­
dows or 11.5 em plexiglass 
cell with an 1.0. of 2.5 em. 

3.2.8.2 Air pump: Peristaltic pump 
with an air flow of 1 L per 
minute. 

3.2.8.3 Flowmeter: Capable of 
measuring an air flow of 1 L 
per minute. 

3.2.8.4 Spectrophotometer: Atomic 
absorption spectrophotome­
ter equipped with a mercury 
hollow cathode lamp. 

3.2.8.5 Aeration tube: A straight 
glass frit having a coarse 
porosity. 

3.2.8.6 Drying unit: A 6 inch drying 
tube containing 20 grams of 
magnesium perchlorate or a 
heating device is required to 
prevent condensation of 
moisture. 

3.3 Organic Contaminants 

3.3.1 Gas chromatograph: A commercial or 
custom-designed gas chromatograph 
(GC) with a column oven capable of 
isothermal temperature control 
± 0.2°C to at least 220°C. Additional 
accessories and specifications are 
listed below by methodology. 
3.3.1.1 Chlorinated hydrocarbons: 

Equipped with a glass lined 
injection port suitable for 
chlorinated hydrocarbon 
pesticides with a minimum 
of decomposition, and 
equipped with either an elec­
tron capture, microcoulomet­
ric titration, or electrolytic 
conductivity detector. 

3.3.1.2 Chlorophenoxys: Equipped 
with a glass lined injection 
port and either an electron 
capture, microcoulometric 
titration, or electrolytic con­
ductivity detector. 

3.3.1.3 TIHM by purge and trap: 
Temperature programmable 
from 45° to 220° at about 
8°C/min and equipped with 
either microcoulometric ti­
tration or electrolytic con­
ductivity detector. 

3.3.1.4 TIHM by liquid/liquid ex­
traction: Equipped with a 
linearized (frequency modu­
lated) electron capture detec­
tor. 
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3.3.1.5 TIHM by gas chromatogra­
phy/mass spectrometry: The 
gas chromatograph, which 
must be temperature pro­
grammable, should be inter­
faced to the mass spectrom­
eter with an all-glass 
enrichment device and an 
all-glass transfer line. Mass 
spectral data are to be ob­
tained with electron-impact 
ionization at a nominal elec­
tron energy of 70 eV. The 
mass spectrometer needs to 
produce a spectrum that 
meets all criteria in Table 
IV -1 when 50 ng or less of p­
bromofluorobenzene (BFB) is 
introduced into the gas chro­
matograph. An interfaced 
data system is necessary to 
acquire, store, reduce and 
output mass spectral data. 
The data system needs to be 
equipped with software to 
acquire and manipulate data 
for only a few ions that were 
selected as characteristic of 
trihalomethanes and the 
internal standard (or surro­
gate compound). 

3.3 .2R ecorder for gas chromatograph: 
Strip chart recorder having a chart 
width of 1 0 in or 25 em. a full scale 
response time of 1 sec. or less, 1 -mV 
(-0.05 to 1.05) signal to match the 
instrument, and a chart speed of 0.25 
to 0.5 in/min or equivalent. 

3.3.3 Purge and trap system: A commercial 
or custom-designed system contain­
ing three separate elements. When 
used with a compatible gas chromat­
ograph, the assembly should be able 
to detect 0.5 J.Lgll of each of the indi­
vidual trihalomethanes and measure 
them with a reproducibility not to 
exceed 8% relative standard devia­
tion at 20 J.Lgll. 

TABLE IV-1 

p-Bromofluorobenzene Key Ions 
and lon Abundance Criteria 

Mass I on Abundance Criteria 

50 1 5 to 40% of mass 95 
75 30 to 60% of mass 95 
95 base peak. 100% relative abun-

dance 
96 5 to 9% of mass 95 

173 less than 2% of mass 174 
174 greater than 50% of mass 95 
175 5to9%ofmass174 
176 96 to 100% of mass 174 
177 5 to 9% of mass 176 
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3.3.3. 1 Purging device: Designed for 
a 5 mL sample volume. Gas 
inlet disperses finely divided 
gas bubbles through the 
sample. 

4. General Laboratory 
Practices 

5.3 Organic contaminants: Table 1v:3 
shows the approved methodology and 
references for organic chemical 
contaminants as described in Sections 
141 .24 and 141 .30 of the NIPDWR. All 
other procedures are considered 
alternative analytical techniques. 

r--, 

3.3.3.2 Trapping device: Capable of 
retaining purged trihalo­
methanes at room tempera­
tures. 

Although laboratory practices are not speci­
fied here for laboratory certification, it must 
be recognized that the generation of valid 
analytical data is dependent upon proper 
laboratory practices (see Recommended 
Practices). 6. Sample Collection, 

Handling, and Preservation 
When the laboratory has been delegated 
responsibility for sample collection. han­
dling, and preservation, there needs to be 
strict adherence to correct sampling proce­
dures, complete identification of the sam­
ple. and prompt transfer of the sample to 
the laboratory. 

3.3.3.3 Desorber assembly: Capable 
of heating the trapping de­
vice to 180oc in one minute 
with less than 40°C over-
shoot. 

3.3.4 Kuderna-Danish glassware: Sets of 
tapered glassware, each consisting of 
a three ball Snyder column, evapora­
tive flask. and calibrated ampul. 

.3.3.5 Water bath: Electric or steam heated 
capable of temperature control to 
within 5°C to 100°C. Concentric ring 
or other cover is required to support 
Kuderna-Danish concentrators. 

5. Analytical Methodology 
5.1 General: All prepackaged kit proce­

dures, other than the DPD Colorimetric 
Test Kit, are considered alternative 
analytical techniques. and procedures 
described under Section 141.27 of the 
National Interim Primary Drinking 
Water Regulations (NIPDWR) are to be 
followed . 

5.2 Inorganic contaminants: Table IV-2 
shows the approved methodology and 
references for inorganic chemical 
contaminants as described in Section 
141 .23 of the NIPDWR. All other proce­
dures are considered alternataive ana­
lytical techniques. 

6.1 General 
6.1 .1 The collector should be trained in 

sampling procedures and approved 
by the State regulatory authority or 
its delegated representative. 

6.1.2· The sample needs to be representa­
tive of the potable water system. The 
water tap must be sampled after 

(.Table IV-2 

1 \pproved Methodology for Inorganic Contaminants 
\ \ Reference (Method Number) 

Contaminant 

ic 

8iJrium 

Methodology 

Atomic absorption; furnace technique 
Atomic absorption; gaseous hydride 
Spectrophotometric, silver diethyldithiocarbamate 
Atomic absorption; direct aspiration 
Atomic absorption; furnace technique 

EPA' ASTM 2 SM' 

02972-788 
02972-78A 

301A-VII 
404A after 8(4) 
301A-IV 

Other 

1-1062-78• 

i admium Atomic absorption; direct aspiration 

206.2 
206.3 
206.4 
208.1 
208.2 
213.1 
213.2 
218.1 
218.2 
340.1 
340.2 
340.3 

03557 -78A orB 301A-II or Ill 
Atomic absorption; furnace technique 

Chromium Atomic absorption; direct aspiration 01687-770 301A-11 or Ill 
! 
! uoride 

Atomic absorption; furnace technique 
Colorimetric SPAONS; with distillation 
Potentiometric ion selective electrode 

01 179-72A 
01179-728 

414Aand C 
4148 

;" ·ercury 

, ••• trate 

Selenium 

ver 

Automated Alizarin fluoride blue; with distillation 
Automated ion selective electrode 
Zirconium eriochrome cyanine R; with distillation 
Atomic absorption; direct aspiration 
Atomic absorption; furnace technique 
Manual cold vapor technique 
Automated cold vapor technique 
Colorimetric brucine 
Spectrometric; cadmium reduction 
Automated hydrazine reduction 
Automated cadmium reduction 
lon selective electrode 
Atomic absorption; furnace technique 
Atomic absorption; gaseous hydride 
Atomic absorption; direct aspiration 
Atomic absorption; furnace technique 

239.1 
239.2 
245.1 
245.2 
352.1 
353.3 
353.1 
353.2 

270.2 
270.3 
272.1 
272.2 

03559-78A orB 

03223-79 

0992-71 
03867-798 

03867-79A 

03859-79 

603 

301A-II or Ill 

301A-VI 

4190 
419C 

605 

301A-VII 
301A-II 

129-71WS 
380-75WE" 

1-3325-78• 

93MM-797 

1-1667-784 

'''".1ethods of Chemical Analysis of Water and Wastes.·· EPA Environmental Monitoring and Support Laboratory, Cincinnati, Ohio, 45268 (EPA-600/4-79-0201. March 
479. Available from ORO Publications, CERI, EPA. Cincinnati, Ohio, 45268. For approved analytical procedures for metals, the technique applicable to total metals must 
I USed. 

•r ''Book of ASTM Standards. Part 31 Water. American Society for Testing and Materials. 1916 Race Street. Philadelphia, Pennsylvania. 19103. 
•· 1rd Methods for the Examination of Watar and Wastewater." 14th Edition, American Public Health Association, American Water Works Association Water Pollu-
t. .urol Federation, 1975. • 

··- ocnniques of Water Resources Investigation of the United States Geological Survey, Chapter A-1. "Methods for Determination of Inorganic Substances in Water and 
uvial Sediments," Book 5 (1979, Stock #024-Q01.03177·9). Available from Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402. 

1 'luoride in Water and Wastewater. Industrial Method #129-71 W." Technicon Industrial Systems. Tarrytown, New York. 10591. December 1972. 
• duoride in Water and Wastewater." Technicon Industrial Systems. Tarrytown. New York. February 1976. 
•-Methods Manual-93 Series Electrodes ... Form 93 MM/9790. pp. 3-6. 1979 Orion Research Incorporated. Cambridge. Mass. 
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maintaining a steady flow of 2 or 3 
minutes to clear service line. The tap 
must be free of aerator, strainer, hose 
attachment, or water purification 
devices. 

6.1.3 The sample report form should be 
completed immediately after collec­
tion with location, date and time of 
collection, collector's name, and any 
special remarks concerning the sam­
ple. 

6.2 Inorganic contaminants 

6.2.1 The type of sample container and the 
required preservative for each in­
organic chemical contaminant are 
listed in Table IV-4. 

6.2.2 It is essential that all samples be 
analyzed within the maximum hold­
ing times listed in Table IV-4. Where 
maximum holding times cannot be 
met. the sample is to be discarded 
and resampling requested. 

6.3 Organic Contaminants 
6.3.1 The type of sample container and the 

required preservative for the organic 
chemical contaminants are listed in 
Table IV-5. 

6.3.2 When sampling chlorinated waters 
for TIHM analysis, sodium thiosul­
fate or sodium sulfite should be 
added to the empty sample bottles 
prior to shipping to the sampling site. 

.3 The lTHM bottles need to be filled in 
such a manner that no air bubbles 
pass through the sample as the bottle 
is filled. The bottle is to be sealed so 
that no air bubbles are entrapped in 

Table IV-3 

it. The hermetic seal on the sample 
bottle needs to be maintained until 
analysis. 

6.3.4 It is essential that all samples be 
analyzed within the maximum hold­
ing times listed in table IV-5. Where 
maximum holding times cannot be 
met, the sample is to be discarded 
and resampling requested. 

7. Quality Assurance 
The critical elements for quality assurance 
are described below. Additional specifica­
tions can be found in the Recommended 
Practices section. 

7.1 General 
7 .1.1 The laboratory should prepare and 

follow a written OA plan (see Chapter 
Ill, section on OA plans). All quality 
assurance data should be available 
for inspection. 

7 .1.2 It is essential that the laboratory 
analyze an unknown performance 
evaluation sample (when available) 
once per year for all regulated con­
taminants measured. Results need to 
be within the control limits estab­
lished by US EPA for each analysis for 
which the laboratory wishes to be 
certified. 

7.1.3 A manual of analytical methods 
should be available to the analysts. 

7.1.4 pH meters are calibrated each use 
period with fresh standard buffers at 
pH 7.0 and at the pH appropriate for 
the test being performed. 

7.2 Inorganic contaminants 

Approved Methodology for Organic Contaminants 

7.2.1 A standard reagent curve composed 
of a minimum of a reagent blank and 
three standards covering the concen­
tration range of the samples needs to 
be prepared. At least one of the 
standards should be at or below the 
MCL 

7.2.2 For each day on which analyses are 
performed, the standard curve needs 
to be verified by use of at least a labo­
ratory method blank and one stand­
ard within the range of the standard 
curve. Daily checks should be within 
± 1 0 percent of the original curve. 

7.2.3 If 20 or more samples per day are 
analyzed, the working standard curve 
needs to be verified by running an 
additional standard within the range 
of the standard curve every 20 sam­
ples. Each check should be within ± 
1 0 percent of original curve. 

7.3 Organic contaminants 
7.3 .1 For each day on which pesticide or 

phenoxyacid analyses are initiated. 
or trihalomethane reagent water is 
prepared, it is essential that a labora­
tory method blank be analyzed with 
the same procedures used to analyze 
samples. 

7.3.2 A minimum of three calibration 
standards should be analyzed each 
day to calibrate the analytical system 
If the laboratory can demonstrate tha 
the instrument response is linear 
through the origin, this practice can 
be reduced to one standard per day, 
providing the response of the stand­
ard is within ± 1 5 percent of previous 
calibrations. 

Reference (Method Number or page numben) 
Contaminant 

. Chlorinated hydrocarbons: 
endrin 
lindane 
methoxychlor 
toxaphene 

Chlorophenoxys: 
2.4-0 
2.4,5-TP 

Total Trihalomethanes 
(TTHM) 

Methodology 

Solvent extraction, gas chromatography 

Solvent extraction, derivatization, gas 
chromatography 

Purge and trap, gas chromatography 
Solvent extraction, gas chromatography 
Gas chromatography/mass spectrometry 

EPA' 

·-......__ 
/ pp. 1-19 ·, 

pp. 20-35 

(') 
(') 
(7) 

ASTM• SM' USGS' 

03086-79 509A pp. 24-39 

... 

03478-79 5098 pp. 24-39 

'~Methods for Organochlorine Pnticides and Chlorophenoxy Acid Herbicides in Drinking Water and Raw Source Water, .. Available from ORO Publications CERI EPA. 
Cincinnati. Ohio. 45268. ' ' 

1-A ~"Ual Book of ASTM Standards. Part 31 Water. American Society forT esting and Materials. 1916 Race Street. Philadelphia, Pennsylvania 19103. 
ndard Methods .for the Examination of Water and Wast-ater,"14th Edition. American Public Health Associstion. American Water Works Associstion. Water Poilu· 
::ontrol FaderatiOfl, 1975 . 

• ;niques of Water-Resourcnlnvestigation of the United States Geological Survey, Chapter A-3. "Methods for Analysis of Organic Substances in Water .. Boolt 5. 
1972. Available from Superintendent of Documents. U.S. Government Printing Office, Washington, D.C. 20402. • 

''"The Analysis of Trihalomethanas in Finished Waters by the Purge and Trap Method," Method 501.1, EMSL. EPA. Cincinnati Ohio 45268. 
~"'The Analysis of Trihalomethenas in Drinking Water by Liquid/Liquid Extraction,·· Method 501.2. EMSL. EPA. Cincinnati. Ohio 45268. 
'"'Measurement of Trlhalomethanes in Drinking Water by Gas Chromatography/Mass Spectrometry and Selected lon Monitoring .. Method 501 3 EMSL. EPA Cincin· 
neti. Ohio 45268. • · • • 
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1 .3.3 Each quarter, it is essential that the 
laboratory analyze certified quality 
control check standards for each 
contaminant. If the criteria estab­
.lished byUSEPA are not met, correc­
tive action needs to be taken and 
documented. 

7.3.4 It is essential that the laboratory 
analyze a field blank for trihalometh­
anes with each sample set. If reporta­
ble levels of trihalomethanes are 
demonstrated to have contaminated 
the field blank, resampling is essen­
tial. 

7 .3.5 The laboratory is to analyze 10 per­
cent of all samples for TTHM in dupli-

Table IV-4 

cate. A continuing record of results· 
and subsequent actions taken needs 
to be maintained. 

7.3.6 The laboratory needs to analyze a 
known TTHM laboratory control 
standard each day. If errors exceed 
20 percent of the true value, all tri­
halomethane results since the previ­
ous successful test are to be consid­
ered suspect. 

7.3.7 Each time the TTHM analytical sys­
tem undergoes a major modification 
or prolonged period of inactivity, the 
precision of the system needs to be 
demonstrated by the analysis of repli­
cate laboratory control standards. 

Sample Collecting, Handling, and Preservation for Inorganic Contaminants1 

Maximum 
Holding 

Contaminant PreMrYatiw• Contain 1M" nme• 

Arsenic Cone HN03 to pH< 2 PorG 6 months 
Barium Cone HN03 to pH< 2 PorG 6months 
Cadmium Cone HN03 to pH< 2 PorG 6months 
Chromium Cone HN03 to pH< 2 PorG 6 months 
Fluoride None PorG 1 month 
Lead Cone HN03 to pH< 2 PorG 6 months 
Mercury Cone HN03 to pH < 2 G 38 days 

p 14days 
'''trate 

:hlorinated supplies Cooi,4°C PorG 28days 
ilion-chlorinated supplies Cone H2S04 to pH< 2 PorG 14days 

Selenium Cone HN03 to pH < 2 PorG 6 months 
Silver Cone HN03 to pH< 2 PorG 6months 

'If a laboratory has no control over these fJctors. the laboratory director must reject any samples not meeting these 
criteria end so notify the authority requesting the analyses. 

Iff HN03 cannot be·used because of shipping restrictions, sample may be initially preserved by icing end immediately 
shipping it to the laboratory. Upon receipt in the laboratory, the sample must be acidified with cone HN03 to pH< 2. 
At time of analysis. sample container should be thoroughly rinsed with 1:1 HNOJ; washings should be eilded to 
sample. 

>p = Plastic. hard or soft; G = Glass. herd or soft. 
4ln ell cases, samples should be analyzed as soon after collection as possible. 

Table IV-5. 

Sample Collection, Handling and Preservation for Organic Contaminants1 

Chlorinated 
hydrocarbons 

Chlorophenoxys 

TTHM 

Refrigerate at4°C as 
soon as possible after 
collection 

Refrigerate at 4 o as 
soon as possible after 
collection 

Sodium thiosulfate 
or sodium sulfite 

Glass with foil 
or Teflon-lined 
cap 

Glass with foil 
or Teflon-lined 
cap 

Glass with 
Teflon-lined 
septum4 

Maximum 
Holding 
Ttme2 

14days3 

28days 

. laboratory has no control over these factors, it is critical that the laboratory director reject anv samples not rneet­
tng these criteria end so notify the authority requesting the analyses. 

•In ell cases. sam:>les should be analyzed as soon after collection as possible. 
"Well-stoppered end refrigerated extracts can be held up to 30 days. 
4AII samples ere collected in duplicate. 
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7.3.8 It is critical that laboratories that 
analyze for TTHM by liquid-liquid 
extraction demonstrate that raw 
source waters do not contain inter­
ferences under the chromatographic 
conditions selected. 

7.3.9 If a mass spectrometer detector is 
used for TTHM analysis, it is essential 
that the mass spectrometer perform­
ance tests described under equip­
ment specifications using BFB be 
conducted once during each 8-hour 
work shift. Records of satisfactory 
performance and corrective action 
need to be maintained. 

8. Records and Data 
Reporting 
8.1 Records of chemical analyses are to be 

kept by the laboratory for not less than 
3 years. This includes all raw data. 
calculations, and quality control data. 

8.2 Actual laboratory reports may be kept. 
However, data, with the exception of 
compliance check samples as detailed 
in Section 141.33(b) of the NIPDWR, 
may be transferred to tabular sum­
maries. The following information 

_ should b8J.rycluded: 
8.2.1 Date, place, andtlme-ofsam:- "­

piing; name of person who col­
lected ~he sample. 

8.2.2 Identification of sample as to 
whether it is a routine distribu­
tion system sample. check sam­
ple, raw or process water sam­
ple, or other special purpose 
sample. . .. ·--. -~-.... 

8.2.3 Date of receipt of sample and ' 
- date of analysis. ~ ..._ 
8.2.4 Laboratory and persons respon-) 

sible for performing a_!l~ly~_is. :--
8.2.5 Analytical technique/method .' 

----used-;:------ ·- _____ :.~, 

8.2.6 Results of analysis. 
----.--.-· ---~--

9. Action Response to 
Laboratory Results 
When action response is a designated labo­
ratory responsibility, the proper authority 
must be promptly notified of non-compliance 
sample results and a request made for 
resampling from the same sampling point. 

10. Maximum Total Trihalo­
methane Potential 
Laboratories that are engaged in the deter­
mination of maximum total trihalomethane 
potential (MTP) need to meet the following 
requirements for that test. 

10.1 Method: Gas chromatography. 
.,Method for the Determination of 
Maximum Total Trihalomethane 
Potential- Method 51 0.1 . ., EMSL. 
U.S. EPA. Cincinnati. Ohio 45268. 
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10.2 Sample Container: TTHM sample 
bottle. 

10.3 Supplemental equipment: Constant 
temperature storage container, water 
bath or incubator, 25°C or above. 

1 0·.4 The laboratory must be certified for 
TTHM analysis. 

11 . Sodium and Corrosivity 
Measurements for sodium and certain cor­
rosivity characteristics to meet special 
monitoring regulations are to be performed 
in an approved laboratory. The critical ele­
ments for these tests are described below. 

11 .1 Methodology- Table IV -6 shows the 
approved methodology and refer­
ences for sodium and corrosivity 
measurements as described in Sec­
tions 141 .41 and 141.42 of the NIP­
DWR. All other procedures are con­
sidered alternative analytical tech­
niques. 

1 1 .2 Additional Criteria 
11.2.1 Sodium- Samples may be collected 

in plastic or glass. Samples are pre­
served by the addition of cone. 
HN03 to pH< 2; analyses are per­
formed within 6 months. An atomic 
absorption spectrophotometer or 
flame photometer is necessary. 

11.2.2 Alkalinity- Samples may be col­
lected in plastic or glass. and are 
preserved by cooling to 4 °C; analy­
sis are performed within 14 days. 

TableiV-6 

... 

11.2.3 Calcium -Samples may be collected 
in plastic or glass, and are preserved 
by the addition of cone. HNO 3 to pH 
< 2 and cooling to 4 °C; analyses are 
performed within 6 months. 

11.2.4 Chloride- Samples may be collected 
in plastic or glass. Samples are not 
preserved; analyses are performed 
within 7 days. An electronic volt­
meter with a glass and silver-silver 
chloride electrode system is neces­
sary. 

11 .2.5 Sulfate- Samples may be collected 
in plastic or glass. and are preserved 
by cooling to 4 °C; analyses are 
performed within 7 days. 

11.2.6 Total filterable residue- Samples 
may be collected in plastic or glass. 
and are preserved by cooling to 4 °C; 
analyses are performed within 7 
days. Glass or plastic desiccator is 
necessary. 

Practices 
1 . Personnel 
1.1 Laboratory Director. The following 

are recommended minimum standards 
for the laboratory director. 
1.1.1 Academic training: Minimum of 

bachelor of science degree or its 
equivalent. 

1.1.2 Experience: Minimum of 5 years 
of experience. 

1 .2 Supervisor. This position may not be 
necessary in smaller laboratories. The 
following are recommended minimum 
standards for the supervisor. 
1 .2.1 Academic. training: Minimum 

bachelor's degree in chemistry 
or its equivalent. 

1 .2.2 Experience: Minimum of 2 years 
of experience in measurements 
being considered for certifica­
tion. 

1.3 Analyst for Inorganic Contaminants. 
The following are recommended mini­
mum standards for the analyst posi­
tion. 
1 .3 .1 Academic training: Minimum of 

high school diploma or its equiv­
alent (State certification or li­
censing may be considered). 

1.3.2 Experience: Minimum of 6 
months of on-the-job training. 
under direct supervision of qual­
ified analyst, in measurements 
being considered for certifica­
tion. 

1.3.3 After 6 months. the analyst 
must demonstrate acceptable 

Approved Methodology for Free Residual Chlorine, Turbidity, Sodium and Corrosivity Measurements 

Measurement 

Alkalinity 
Calcium 

Chloride 
Corrosivity 

Free chlorine residual 

pH 
Sodium 

Sulfate 
Temperature 
Total filterable residue 
Turbidity 

Methodology 

Methyl orange titrimetric or potentiometric 
EDT A titrimetric 
Atomic absorption; direct aspiration 
Potentiometric 
Langelier index 
Aggressive index 
Colorimetric or titrimetric DPD 
Colorimetric syringaldazine 
Potentiometric 
Atomic absorption; direct aspiration 
Atomic absorption; furnace technique 
Flame photometric 
Turbidimetric 
Thermometric 
Gravimetric 
Nephelometric 

EPA' 

310.1 
215.2 
215.1 

150.1 
273.1 
273.2 

375.4 

160.1 
180.1 

Reference (Method Number) 
ASTM' SM 3 

01067-706 
01126-678 
02576-70 

D1293-78A orB 

01428-64A 

403 
306C 
301A-II 
408C 
203 

409E or F 

424 

320A 
427C 
212 
2088 
214A 

Other 

C400-77• 

'"Methods of Chemi<:al Anelyaia of Water end Weates ... EPA Environmental Monitoring end Support Laboratory, Cincinnati. Ohio. 45268 IEPA-600/4-79.0201. Mareh 
1979. Available from ORO Publicationa, CERI, EPA. Cincinnatl Ohio. 45268. For approved analytical procedures for metala, the technique applicable to total metals must 
be used. 
•' '1nual Book of ASTM Standards. Part 31 Water. American Society forT esting and Materials. 1916 Race Street Philadelphia. Pennsylvania. 19103. 

itandard Methods for the Examination of Water and Westewater,"14th Edition. American Public Health Association, American Water Works Aasociation. Water Pollu-
.an Control Federation, 1975. 

•"AWWA Standard for Asbestos- Cement Pipe. 4 in. through 24 in. for Water and Other Liquids." AWWA C400-77. Revision of C400-75. AWWA. Denver. Colorado. 
'"Standard Methods for the Examination of Water end Wastewater," 15th Edition. American Public Health Association. American Water Works Alisociation. Water Poilu· 
tion Control Federation. 1980. 
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, . .::COMMENDED PRACTICES 

skills through the successful 
participation in the analysis of 
applicable performance evalua­
tion samples. 

.4 Analyst for Organic Contaminants. 
The following are recommended mini­
mum standards for the. analyst posi­
tion. 
1.4. 1 Academic training: Minimum of 

bachelor's degree in chemistry 
or its equivalent (State certifica­
tion or licensing may be con­
sidered). 

1.4.2 Experience: Minimum of 6 
months of experience in meas­
urements being considered for 
certification and 2 years of ex­
perience in organic 'lnalysis. 
Each year of college level train­
ing in related scientific fields or 
demonstrated equivalency shall 
be considered equal to 1 year of 
work experience. Such a substi­
tution should not exceed one­
half of the required experience. 

1.4.3 Supervision: Supervision by an 
analyst (also eligible to analyze 
for organic chemicals) who has: 
1 .4.3.1 Minimum of bachelor's 

degree or its equivalent. 
with 1 year of course 
work in organic chem­
istry. 

1.4.3.2 One year of experience 
in measurement of or­
ganic chemicals by gas 
chromatography. 

1 .5 GC/MS Operator.ln addition to the 
organic analyst requirements above. 
the following are recommended mini­
mum standards for the GC/MS opera­
tor. if this technique is used. 
1 .5.1 Training: Satisfactory comple­

tion of a minimum one week 
course in GC/MS offered by 
equipment manufacturer. pro­
fessional organization. universi­
ty, or other qualified operator. 

1.5.2 Experience: Minimum of 1 year 
experience in the operation of a 
GC/MS instrument. 

2. Laboratory Facilities 
The laboratory facilities should be clean. air 
conditioned and with adequate lighting at 
the bench top. It is recommended that 150 
to 200 square feet/person be available. The 
laboratory should contain at least 15 linear 
feet of usable bench space per analyst. 
The laboratory should have provisions for 
the disposal of chemical wastes. While 
c.onfety is not an aspect of laboratory certifi-

'"· exhaust hoods are recommended for 
• ~analysis of trace elements and organics. 
This includes venting for preparation, ex­
traction and analysis. 

.,. 

3. Laboratory Equipment and 
Supplies 
The specifications for instruments that are 
required for the measurement of chemistry 
contaminants can be found under Critical 
Elements for Certification for Chemistry. In 
addition, it is recommended thata laborato­
ry purchase equipment that meets the 
specifications below. 

3.1 Muffle furnace: Capable of heating 
glassware to 400°C for cleaning. 

3.2 Centrifuge: Capable of handling, as a 
minimum. 15 ml centrifuge tubes. 

3.3 Refrigerator: For storing organics and 
flammable materials, an "explosion­
proof" type of refrigerator should be 
used. When refrigeration is not re­
quired. an explosion-proof cabinet may 
be used. 

3.4 Glassware: Should be of borosilicate 
glass. which is more resistant than 
regular soft glass to damage by heat, 
chemicals, and abuse. All volumetric 
glassware should be marked Class A, 
denoting that it meets Federal Specifi­
cations and need not be calibrated 
before use. 

3.5 GC/MS interface: It is recommended 
that the interface between the end of 
the chromatographic column and the 
ion source of the mass spectrometer 
be constructed with deactivated glass 
or glass-lined materials. However, the 
GC/MS interface can use any separa­
tor. transfer line. or other interface 
part. provided it is demonstrated that 
the system meets the BFB perform­
ance specifications. 

3.6 GC/MS data system: It is desirable, 
but not required. that the GC/MS data 
system have the following additional 
features: 

3.6.1 Ability to perform automatic 
quantitative analysis using inte­
grated specific ion abundances 
and either a single internal or 
external standard. 

3.6.2 Ability to perform automatic 
quantitative analysis using inte­
grated specific ion abundances 
and regression analysis with 
multiple internal or external 
standards. 

4. General 
Laboratory Practices 
4.1 General 

4.1.1 Chemicals/reagents: "Analyti­
cal reagent grade" (AR) chemi­
cals should be used for most 
analyses required of water treat­
ment laboratories. Consult 
"Standard Methods for the Ex­
amination of Water and Waste-
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water," 14th edition. part 1 02, 
pages 5-8. or the latest edition 
of this reference, for more de­
tailed information on reagent 
grades. Individual analytical 
procedures in "Standard Meth­
ods for the Examination of 
Water and Wastewater," and 
the U.S. EPA's "Methods for 
Chemical Analysis of Water and 
Wastes" may specify special 
requirements for the reagents to 
be used. 

4.1.2 Laboratory safety: While safety 
is not an aspect of laboratory 
certification. evaluators should 
point out. on an informal basis. 
potential safety problems ob­
served during an on-site visit. 

4.2 Inorganic contaminants 
4.2.1 Glassware preparation: All 

glassware should be washed in 
a warm detergent solution and 
thoroughly rinsed first in tap 
water and then in distilled water. 
This cleaning procedure is suffi­
cient for most analytical needs, 
but the individual procedures 
should be referred to for more 
elaborate precautions to be 
taken against contamination of 
glassware. It has been found 
advantageous to maintain a 
separate set of glassware (suit­
ably prepared) for the nitrate, 
mercury, and lead procedures 
due to the potentiality for con­
tamination from the laboratory 
environment. 

4.2.2 Distilled/ deionized water: 
Water having resistivity values 
of 0.5 megohms (2.0 micro­
mhos)/cm at 25°C is satisfacto­
ry. Megohms are related to 
micro.rnhos in the following 
manner: 

1 . h ---- = m1crom os. 
megohms 

1 
--:---- = megohms 
micromhos 

Excellent quality water has re­
sistivity values exceeding 1.0 
megohms/em (less than 1.0 
micromhos/cm) at 25°C. High 
quality water meeting such spe­
cifications may be purchased 
from commercial suppliers; lab­
oratories should request a list of 
quality specifications for any 
water purchased. Quality of dis­
tilled/deionized water is best 
maintained by sealing from the 
atmosphere. Quality checks 
should be made at planned in­
tervals and documented. 



4.3 Organic contaminants 
4.3.1 Glassware preparation: All 

glassware should be washed in 
a warm detergent solution and 
thoroughly rinsed first in tap 
water and then in distilled water. 
All glassware should have a 
final rinse with nanograde ace­
tone or its equivalent and should 
then be air dried in an area free 
of organic contamination. 

4.3.2 Reagent water: Reagent water 
for organic analysis should be 
free of interferences that coe­
lute from the gas chromato­
graph with the compound being 
measured. It may be necessary 
to treat distilled water with acti­
vated carbon to eliminate all 
interferences. 

5. Analytical Methodology 
A list of the approved methodology for in­
organic contaminants can be found in Table 
IV -2. The approved methodology for organic 
contaminants is listed in Table IV-3. 

6. Sample Collection. 
Handling, and Preservation 
fhe type of sample containers required. 
preservation techniques. and maximum 
·lolding times for all inorganic contami­
lants can be found in Table IV-4. Table IV-5 

.dentifies these critical elements for the 
organic contaminants. 

Quality Assurance 
The minimum requirements for quality con­

. -•rol are described in Critical Elements for 
:ertification. Performance and documenta­

i . ion of the following quality control prac­
tices are strongly recommended. 

: 1 .1 Current service contract should be in I effect on all balances. 

7.2 Class S weights should be available to 
make periodic checks on balances. 

.3 Thermometer certified by the National 
Bureau of Standards (or one of equiva­
lent accuracy) should be available to 
check thermometers in ovens. etc. 

-t Color standards or their equivalent 
should be available to verify wave­
length settings on spectrophotome­
ters. 

. 5 Chemicals should be dated upon re­
ceipt of shipment and replaced as 
needed or before shelf life has been 
exceeded. 

• .6 Additional recommended practices 
have been established for a laboratory 
analyzing supply samples other than 
its own: 

... 
7.6.1 Laboratory should analyze a 

certified laboratory control 
standard (U.S. EPA Quality Con­
trol Sample. or equivalent) once 
per quarter for the parameters 
measured. The measured value 
should be within the control 
limits established by EPA for 
each analysis for which the 
laboratory wishes to be certified. 

7 .6.2 At least one duplicate sample 
should be run every 10 samples. 
or with each set of samples. to 
verify precision of the method. 
Checks should be within the 
control limits established by EPA 
for each analysis for which the 
laboratory wishes to be certified. 

7 .6.3 Standard deviations should be 
calculated and documented for 
all methods being conducted. 

7.6.4 Quality control charts or a tabu­
lation of mea"l and standard 
deviation or equivalent should 
be used to document validity of 
data on an as-run basis. 

8. Records and Data 
Reporting 

9. Action Response to 
Laboratory Results 

10. Free Chlorine Residual, 
Turbidity. pH and Temperature 
Free chlorine residual. turbidity, pH and 
temperature measurements do not need to 
be done in approved laboratories. but may 
be performed by any persons accejltable to 
the State. There is. however. a definite need 
for quality control guidelines to be instituted 
at the State level for these measurements; 
it is equally important that systems be in 
use to assure validity of data for these criti­
cal measurements. 

10.1 Methodology- Only approved meth­
odology may be used for free chlorine 
residual, turbidity, pH and tempera­
ture. The approved methods are listed 
in Table IV-6. All other procedures 
are considered alternative analytical 
techniques. 

10.2 Sealed liquid turbidity standards 
purchased from the instrument man­
ufacturer must be calibrated against 
properly prepared and diluted forma­
zin or styrene divinylbenzene polymer 
standards at least every 4 months in 
order to monitor for any eventual 
deterioration. These standards 
should be replaced when any major 
change from the original calibration 
occurs. Solid turbidity standards 
composed of plastic. glass. or other 
materials are not reliable and should 
not be used. 
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10.3 Calibration intervals for color wheels. 
sealed ampules. and other visual 
standards for free chlorine residuals: 
Laboratories utilizing visual compari­
son devices should calibrate the 
standards incorporated into such 
devices at least every six months. 
These calibrations should be docu­
mented. Directions for preparing 
temporary and permanent type visual 
standards can be found in Method 
409F. "Standard Methods for the Ex­
amination of Water and Wastewater.·· 
14th edition. published in 1975 by 
the American Public Health Associa­
tion. By comparing standards and 
plotting such a comparison on graph 
paper. a correction factor can be de­
rived and applied to all future results 
obtained on the now calibrated appa­
ratus. 

10.4 Additional criteria- The following 
criteria are recommended for use by 
the State for approval of persons for 
performing free chlorine residual. 
turbidity, pH and temperature meas­
urements. 
1 0.4.1 Free chlorine residual -

Samples may be collected in 
plastic or glass. Samples are 
not preserved; analyses are 
to be made as soon as practi­
cable. or within 1 hour. A 
DPD Colorimetric Test Kit. 
spectrophotometer, or pho­
tometer is required. · 

1 0.4.2 Turbidity- Samples may be 
collected in plastic or glass. 
Samples are not preserved; 
analyses are to be made as 
soon as practicable, or with­
in 1 hour. Nephelometer is 
needed with light source for 
illuminating the sample and 
one or more photoelectric 
dete • .>rs with a readout de­
vice to indicate the intensity 
of light scattered at right 
angles to the path of the inci­
dent light. Unit may be line/ 
bench or battery/portable 
operated. 

1 0.4.3 pH- Samples may be col­
lected in plastic or glass. 
Samples are not preserved; 
analyses are to be made as 
soon as practicable. or with­
in 1 hour. A pH meter is 
necessary . 

1 0.4.4 Temperature- Samples are 
to be analyzed immediately. 
Requires any good grade · 
mercury-filled or dial type 
centigrade thermometer. or 
a thermistor. 


