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Uit S0 52725 ENVIRONMENTAL PROTECTION AGENCY
ATT.ST OF RESEARTH AND DEVELOPMENT
TN EME ST AL MONITORING ANDG SUPPORT LABORATORY
CINCINNATL, OIS £5268

DATE: April 8, 1985
SUBJECT: Water Supply Performance Evaluation Study 16 (WS016)

FROM: John A. Winter, Chief et
Quality Assurance Branch o e

TO: Participating Laboratories

THRU: Robert L. Booth, Director A .Z. ggEZ*11255;
Environmental Monitoring and Suppor
Laboratory - Cincinnati

The enclosed sample concentrates are for analyses of one or more of the
following eight analyte groups: trace metals, nitrate-fluoride, chlorinated
hydrocarbon pesticides (insecticides), herbicides, trihalomethanes, residual
tree chiorine, turbidity and sodium-corrosivity. Report resuits for as many
of these parameters as your laboratory wishes an evaluation. The concentrates
are to be spiked into a laboratory-pure water for analysis as directed in the
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 later 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
Tuli-volume samples.

Please note that standard reporting units are micrograms per 1iter unless
otherwise specified. Failure to report values in terms of the designated
units will lead to a performance evaluation of "NOT ACCEPTABLE™.

Make a copy of the report form for your records and return the original,
and where applicable, the actual chromatograms of standards and samples, to:

Mr. Arnold Gahler, Chief,

Laboratory Branch, Envirommental Services Division,
U.S. Envirommental Protection Agency, Region 10,
P.0. Box 549

Manchester, WA 98353

Phone: (206) 442-0370

If there are any technical questions or problems, contact:
Same as above. -

Enclosures:
As Stated

-45.
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Martin 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, Dprecise

S. accurate

6. comparable (i.e., presented in standard units)
7. admissable as legal evidence, as necessary.

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/QC 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 instrumentation.
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 ocutlined 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

1



Martin Marietta Environmental Systems

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

b.

Ce

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

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

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.

d.

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

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

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

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.

Presence or absence of sample tags. (If present,
continue.)

Sample tag document control numbers.

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

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



Martin Maristta Enviranmental Systems

924040 Ruhsey Road

MARTIN MARIETTA ENVfRONMENIAL SYSTEMS Columbia, MD 21045-1934
CHAIN OF CUSTODY

(301)964-9200
PAX $(301)964-9200, Ext.

361

Client:

Client Address:

Contact Person: phone:
Sampled by : Date:

# ot
Qient sample Location/Test Sampling |samples/ | preservative
identificaticn Parameters date/time |wolume

i
released by: date/time received by: date/time:
released by: data/time :ecarwxi:y: date/time :
received in latoratory by: cate/time method of snipment:
comments :
Figure 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 with the appropriate
laboratory sample number. The SMO number may be
used (it is in the format of LLNNNN where L = letter
and N = number).

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

5
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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:
It is in one's possession, or

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

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

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

2. Standard Operating Procedures for Sample Control

A.

c.

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.

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.

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).

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.

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

6
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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. 1If 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 reduced.

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
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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:

l. 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 Detection 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 198l1. U.S. EPA/Corps of
Engineers. Techn. Rep. EPA/CE-81-1,

Detailed analytical and QA/QC 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 criteria 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)

l. 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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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.

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. 14and 1S for example pages.

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

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.

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.

¢. 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.

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.

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.

¢. 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 QAC
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



ANALYST WORKSHEET

SAMNPLE PREPARATION PROCEDURE

Preparation Date:s Sample Preservation/Date:

Date Sample Received:

Client(s):s Sample Treatment/Date:
Sample Medlia:s

0 #
Original Type and Post .
Sample Amount Digestion Nethod
NMES Client (wt, vol) Acid Added | Pinal Volume Reference Remarks*

*yp 2an8Tg

*399ysiaoM 2anpadoid uorleiedaag a7dwes

*Note whether né}urlng suspended (8), dissolved (D), total (T), or total recoverable (TR) metals,
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QC STANDARDS INVENTORY LOG

QC Solutlion
and
Bottle No.

Source

Lot §

Date
Recelved

Storage
Location

Remarks




PREPARATION OF QUALITY CONTROL SOLUTION

Lot Date Date Date Client ID Nos. or
Q.C.s Solution| Number| Received| Opened| Prepared ZPA Case No. MMES 1D Nos.
1st Dilution 2ad Dilutien

(Pollow EPA Iastruction)

Elements| Dilution True Value D{lution True Value Remarks

Figure 6. Preparation of QC Solutions Worksheet.



ANALYST WORKSHEET

PREPARATION OF AA CALIBRATION STANDARDS

Primary ]
Standard
Source Substock A Substock B
Lot Conc.{al primary Conc {ppm) ml Conc (ppb}) wl
Element |Supplier|Number {ppn) std (Vol = 100 ml)|Substock A](Vol = 100 ml |Substock

(liThe calibration standards must b

and the same conc.
sample preparatfon.

e prepared using the same type of acid
as will result in the sample to be analyzed atter

Calibration Standards

Standard #1

Standard §2

Stnnﬁard (X}

Conc (ppb)
(vol = 100 ml)

ml

Substock B

Conc (ppb)
{(vol = 100 ml)

Substock B

Conc (ppb}

ml
{Vol = 100 ml)

Date
Preparaed

Reuarka/ﬂatrlx(l)
Added to Stds

Figure 11.

Preparation of AA Calibration Std
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ANALYST WORKSHEET
PREPARATION OF ANALYTICAL SPIKES (PREDIGESTION) FOR ICP ANALYSIS

Water Sediments
Spike Substock A Analytical Spike Spike Substock B Analytical Spike
Original
Stock
Conc: ml Orig.} Conc. (ppm) ml Conc. (ppm) ml Orig.] Conc. (ppm) ml Conc. {(ppm)
Element{Lot ¢ (ppm) Stock j{Vol = 100 ml)|{Substock A]j(Vol = 100 ml)} Stock |(Vol = 100 ml)

Substock B} (Vol = 100 ml)

Note:

All solutions should be prepared by diluting a stock or substock solution to a volume of 100 ml.
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ANALYST WORKSHEET
PREPARATIOR OF ICP CALIBRATION STANDARDS

Source

Primary Standard

Standard #l or Subsatock #1

Standard 82 or Substock 2

Standard #3**

Lot
Group * Element (SupplierjNumber

Conc.
mg/L

ml Primary
Standard

Conc {(mg/L)
(vol = 100 ml)

ml
Substock #1

Conc (mg/L)
(vol = 100 ml)

ml
Substock #2

COAC {mg/L)
(Vol = 100 ml)

Prep
Date

Remarksa
le.g., acid added)

*Using the CLP-EPA recommended wavelengths, only elements from the same group may be used to make mixed standard solutions.

**STD 3 should be at a concentration approximately two (2) times the CRODL.
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ANALYST WORKSHEET FOR INORGANIC ANALYSES

Clients Analyst: Analysis Date:

Metal: Method: QC Solution Sources

Calib 8td] Conc ABS

Blank Linear regression coeff {(r): Commentss

std Slope (m):

std 7 Intercept (b)s

std Detection limits -

Source of Stda

Sample 1D L Standard Addition
Client orig. Amt
(or QC Measured Neight | Sample gplke | OC Sample Aat .

MMES | soln) ABS Conc Dilution | or Vol Conc* Added | True Conc Re rRep? RSC | Added r n

8R (%) = recovery = sample conc/true contx 100
DRPD (%) = relative percent difterence = 2.0 x (sample conc - duplicate conc)/(sample conc + duplicate conc) x 100
CRS (%) = recovery of splke = (asplked sample conc - sample conc)/amount spike added x 100

*Also Includes duplicate samples and sample splkes
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Client:

Analyst:

ANALYST WORKSHEET
PREPARATION OF ANALYTICAL SPIKES (PREDIGESTION) FOR AA ANALYSIS

Date of Spiking:

Sample IDs:

Matrixs

Remarkss

Element ] Conc. Stock

Water

Sediments

Spike Substock .A

Analytical Spike

8pike Substock B

Analytical Spike

Ooriginal
Lot 8tock ml Orig.

Conc. (?pm)

ml

{Vol = 100 ml)|Substock A

Conc. (ppm)
{(Vol = 100 ml)

ml
Orig. 8tock

Conc. (ppm) ml
{Vol = 100 ml)|Substock B

Conc. (ppm)
(Vol = 100 ml)

Notet

All the above solutions are prepared by diluting the original stock or a substock solution to a volume of 100 ml.



ANALYST WORKSHEET

INSTRUMENT CONDITIONS

HGA APPLICATIONS DATA SHEET

Element: Matrix:

Sample(s): Client:

HGA-500 Program Location:

Instrumental Parameters Readout Parameters
Inst. Model : Absorbance/Conc:
Wavelength : [:] Peak Height; time
Spectral Bandwidth: E:] Peak Area; time
Light Source : [:] Recorder:
Current/Watts

Background Correction?

HGA Parameters

Keyboard Entries

HGA Model : Step 1 2 3 4 5 6 7 8

Graphite Tube : Temp °C

Sample Aliquot: Ramp (s)

Sample Introduction Hold (s)

Manual: Read

Automated: Rec.

Replicates: Baseline

Purge Gas : Int.Flow
ml/min

Alternate Gas : Int.Alt.
ml/min

Ext.Alt.
ml/min

Figure 12. Instrument (AA) Conditions Worvksheet.



CYANICE ANALYSIS RESJLTS:

Method : Control Standatd:
Analysis date: Concentration:
Analyst: Absorbance :
Client:
Sampling O[ate: Spike Recovery:
ata check/initials: Sample ID: t Rec.
Camments :
Standards :
Concentration Absorbance

linear reg. coefficient:
ug Q¥/20 ml | pob (QV) — slope (abs/conc.):

intercept :

conc. of OC/CA sample:

Analysis results conc.:

Blank
Distillate Blank
| Mncentration
Samples i (ppb)
MMES | Client {Sample Vol. |Oistillate Conc. Conc.
IC% ID% distilled volume O1lution (Absorbance |aliguot samole
[

Figure 13. Cyanide Analyses ;
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(a)

{b)
(c)

(e)
()

(g)

Table 1. Proposed Methods, Data Precision, Accuracy and Completeness of
Objectives for the Analysis of Priority Pollutant Compounds.
METHOD REFERENCE METHOD CRITERIA
PARAMETER MATRIX PRECISION | ACCURACY | COMPLETENESS
RSD OF
EXTRACTION/ | QUANTITATION | SPIKE PERCENT (%)
PREPARATION RECOVERIES| RECOVERY
ORGANICS
Purgeable Aquecus (b) EPA 601, 602 +15 70-125 90
volatile - 624(c)
Organic
Campounds (2) | soils/Sludge EPA 601, 602 +25 60-125 30
- 624
Acid Aquecus EPA 625(¢), EPA 625(¢) +20 65120 90
Extractables 3510(d),
3s20(d)
Soils/Sludge | EPA 3540{(d) ,| EPA 625 + 135 40-160 90
3550(d)
Base/Neutral | aquecus EPA 625, EPA 625 + 35 40-160 90
Extractables 3510, 3520
Soils/Sludge | EPA 3540, EPA 625 + 35 40-160 90
3550
Pesticides/ Aquecus EPA 608(c), EPA 608(c) + 35 60-140 90
PCB's 3510,3520
Soils/Sludge | EPA 3540, EPA 608 + 35 40-160 90
3550
INORGANICS IP: + 10 85-115
Metals (D) Aquecus ePr~CLp, fe) rpa~crple), Furnace: 30
200 series(f)] 200 series(f) + 15 80-120
and (9) and (9) -
ICP: + 20 75-125
Soils/Sludge | EPA-CLP,(®) epa-cLp(e), 90
200 series{f)| Furnace:
and(g) + 25 75-125

1984,

According to procedures specified in Martin Marietta Environmental Systems Standard Operating
Procedures
Not applicable
According to procedures specified in the Federal Register; v.49(209); Friday, October 26,
40 CFR 136, Appendix A - Methods for Organic Chemical 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 SW-846. Second Edition.

EPA Contract Lab Program.

NO. 784 July 1984

EPA-600/4-79-020.

Inorganic Analysis:

Multi-Media, Multi-Concentration.

SOW

U.S. Environmental Protection Agency. Methods for Chemical Analysis of Water and Wastes.
Revised March 1983.

Federal Reglister. v.79(209). Friday October 26, 1984. 40 CFR 136, sppendix C - Inductivelv



CHAPTER 2

Methods for Analysis of Inorganics
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II.

ITI.

Iv.

VI.

PROCEDURE FOR DETERMINING PERCENT (%) SOLIDS

Add a small portion (i.e., several

grams) of the sample

to a tared weighing dish with cover. Weigh and record

the weight.

Cover the dish so that the cover is tipped to allow for

moisture escape.

Place weighing dish with sample in
103° - 105°C. Be sure the area is

Dry the sample to constant weight.

dessicator with the cover in place

Record each weight.

Calculate and report data on a dry

Report the percent solids for each
Sample dry weight

$ Solids = x 100
Sample wet weight

a drying oven set at
well ventilated.

Cool the sample in a
before each weighing.
weight basis.

sample:
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FURNACE ATOMIC ABSORPTION METHOD FOR
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Prepared by
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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 10‘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:

2 U.S. EPA Contract Laboratory Program, Inorganic Analysis:
Multi Media, Multi Concentration, SOW No. 785 July
1985. 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 (Chapter 3) will be
followed. g
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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 negative 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, l: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

l. 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 l:1 redistilled HNO3 to a pH of <2. Normally, 3 ml of
(l1:1) acid per liter should be sufficient to preserve the sample
(see Note 3). 1If 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

II-1
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reported as "dissolved" concentrations. For As and Se analysis,
the filtrate should be digested with H202 and HNO3 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 um
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 conc. redistilled HNO3. 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 conc. redis-
tilled HNO3. Cover and continue heating until the digestion is
complete, generally indicated by a light colored digestate.
Evaporate to near dryness (DO NOT BAKE), add S5 ml distilled
HNO3 (1l: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 HNO3 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 HNO3 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 conc. redistilled HNOj3.
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. 1Increase the temperature of the hot plate so
that a gentle reflux action occurs. Continue heating, adding

ITI-2
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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 HNO3 (to obtain 0.5% v/v HNO3 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 "total" (see Note
4). For As and Se analysis, the filtrate should be digested
with H202 and HNO3 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 conc. redistilled HNOj3,
5 ml/1l. 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 1l:

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 conc. 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 o H20 to the same predeter-
mined volume. [The dilution wvolume 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).

ITI-1
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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. '

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. '

Samples containing large amounts of organic materials
should be oxidized by conventional acid digestion prior
to being placed in the furnace. 1In 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 HNO3 is required, a minimum amount

should be used. This applies particularly to hydro-
chloric and to a lesser extent to sulfuric and phosphoric
acids.

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.

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

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.

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 HNO3 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

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 preparatidn of standards and for sample
preparation must be ultra high purity grade or equivalent.

l., Nitric Acid, conc.: (sp. gr. 1.41).

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

3. Hydrochloric acid (l:1): Prepare a l1l:1 solution using

reagent grade hydrochloric acid and deionized, distilled
water. '

C. Source of Standards

l. QA/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.

Iv-1
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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

4

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). 1If 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
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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.

Iv=-3
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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
paragraph.

In this method, equal volumes of sample are added to a
deionized, distilled 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,

F.
G.

H.

J.

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.

Perkin Elmer HGA 500 Graphite Furnace

Furnace Assembly
Temperature Control Assembly
Argon gas supply

HGA 500 programmer

AS-40 Auto-sampler

Data Station 3600

HGA Graphics Software

PR-100 Printer

Hollow Cathode Lamps (HC1)

Electrodeless Discharge Lamps (EDL)

RF Generator for EDL lamps

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

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.

Glassware: All glassware, linear polyethylene, poly-
proplyene or Teflon containers including sample
bottles, should be washed with detergent, rinsed with
tap water, 1l:1 nitric acid, tap water, 1l: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.]

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% HNO3 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

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

Turn on the water coolant supply.

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

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.

2.

Press SET UP on AA 5000 keyboard

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.

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 path and
depress AZ. '

7. Swing furnace back to its normal position.

8. 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.

1l. Enter 1, depress STO to store program.
AS-40 Programmer
l. 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 filled 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:
e Sample volume (default is 20 ul)
® Alternate volume - used for matrix modifier
® Method # (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 B,
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.

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. O 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.
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® 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. Depress AA-BG

2. Depress A2

3. Depress HOLD, then PRINT

4. Depress PEAK AREA :
5. Enter t in second (4 sec. is usually used).
6. Enter 1, then press STO to store.

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

l. 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. ,

® 7Depress 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.

Cc. 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.

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 9051t10n sampling
tip on AZ (blank) position.

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

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 #1
position and so on.

To use the MANUAL mode, depress the no., then MANUAL.
Number 41 is position S1 on tray. Number 1 is position

1l on tray. ‘
After the cycle, the plot is displayed on the CRT screen.

Push any key to get out of COLLECTION DATA mode.

FINAL AA 5000 INSTRUMENT SET-UP

1.

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

Depress PRINT.
Depress CONC.
Enter 2, depress AVG (for 2 replicates).

Enter concentration of calibration standard(s) and
depress S1 for std. no. 1 (lowest concentration).

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

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

PRINT SOFTWARE (this will print results on printer).

l.
2.
3.
4.
5.

l.

Place "Print" disk in drive 0.
Enter time and date.

Type "PRINT" and depress RETURN.
Turn on printer-100.

Follow prompts on screen.

"ANALYSIS RUN

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.

Push RESET button AS-40 programmer.

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: 5-100 ug/l
Approximate Detection limit: 1 ug/1l

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 conc. HNO3 and dilute to 1 liter.

Final concentration of As = 1000 mg/1l.

Nickel Nitrate Solution, 5%: Dissolve 24.78 g of ACS
reagent grade (Ni(NO3)2) .6H20 in deionized distilled
water and make up to 100 ml.

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

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:

Graphite tube:

Sample aligquet:

Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000
193.7 nm.

0.7L

EDL

8w

yes

4 sec

argon
pyrocoated/L'vov platform

20

0.05 ug/ml, 0.02 ug/ml, 0.01
ug/ml, Blank

NiNO3 (0.4%)

5 ul

automated

2

Keyboard entries for temp/time programing

Step 1
Temp®C . 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4 5
500 1500 2500 2650
10 10 1 1
23 28 4 S
-1
-4
0
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B. CADMIUM

(Atomic Absorption, furnace technique)

Optimum Concentration range: 0.5-10 ug/ml
Approximate Detection Limit: 0.1 ug/l

Preparation of Standard Solution:

1.

Stock Solution: Carefully weigh 2,282 g of Cadmium
Sulfate (3 Cd SO4.8H20, analytical reagent grade) and
dissolve in deionized distilled water. Make up to 1
liter with deionized distilled water. Final concen-
tration of C4d = 1000 mg/1l.

Ammomium phosphate solution (4%). Dissolve 4 grams of
Ammonium phosphate (NH4)2HPO4 (analytical reagent
grade) in deionized distilled water and dilute to 100
ml.

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:

Graphite tube:

Sample aliquet:

Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Keyboard entries for temp/time programing

Step 1
Temp®°C 210
Ramp(s) 1
Hold(s) 40
Read

Baseline

Internal flow

Perkin Elmer AA 5000 with HGA 500

228.8 nm.
0.7L
EDL
5 W

yes

4 sec

argon

pyrocoated with L'vov platform

20 ul

0.01 ug/ml, 0.005 upg/ml,
0.002 ug/ml, Blank

(NH4) 5 HPO, (4%)/MgNO3(0.4%)

5 ul
automated

2

2
500

15
15
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C. LEAD

(Atmoic Absorption, furnace technique)

Optimum Concentration Range: 5-10 ug/1l
Approximate Detection Limit: 1 ug/l

Preparation of Standard Solution:

1.

Stock solution: Carefully weigh 1.599 g of lead
nitrate, Pb(NO3)2, (analytical reagent grade) and
dissolve in deionized distilled water. When solution
is completely dissolved, acidify with 10 ml redistilled
HNO3 and dilute to 1 liter with deionized distilled
water. Final concentration = 1000 mg/l.

Ammonium Phosphate solution (4%): Dissolve 4 grams of
ammonium phosphate, (NH4) HPO4 (analytical reagent
grade) in deionized distilled water and dilute to 100 ml.

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:
Peak height; time:

HGA Parameters.

Purge gas:

Graphite tube:

Sample aliquet:
Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000 with HGA 500

283.3
0.7L
EDL

yes

3 sec

argon

pyrocoated with L'vov platform

20 ul

0.05 ug/ml, 0.02 ug/ml,
0.010 ug/ml, Blank
Ammonium Phosphate (4%)
5 ul

automated

2

Keyboard entries for temp/time programing

Step 1
Temp®°C 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4
850 2100 2650
10 .0 1
60 4 4
0
-3
0
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D. NICKEL

(Atomic Absorption, furnace technique)

Optimum Concentration Range: 5-100 ug/l
Approximate Detection Limit: 1 ug/l

Preparation of Standard:

1.

Stock solution: Carefully weigh 1.000 g of nickel
metal in 10 ml hot conc. HNO3, cool and dilute to 1000
ml with deionized, distilled water,

Magnesium nitrate (0.5%): Dissolve 0.5 grams of MgNOj
in 1 ml HNO3 and distilled water. Dilute to 100 ml.

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 analyzed after sample
preparation.
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Element: Nickel

Instrumental/HGA Parameters

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:

Graphite tube:

Sample aliquet:

Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Keyboard entries for temp/time programing

Step 1
Temp°C 210
Ramp(s) 1
Hold(s) 40
Read

Baseline

Internal flow

Perkin Elmer AA 5000 with HGA 500

232.0
0.2L
HC1

yes

5 sec

argon

pyrocoated/L'vov platform

10 ul

0.05 ug/ml, 0.02 ug/ml,

0.010 ug/l, Blank

MgNO3 (0.5%)
10 ul
automated

2

2
500

15
15
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E. SELENIUM

(Atomic Absorption, furnace technique)

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

Preparation of Standard Solution:

1.

2.

Stock Selenium solution: Dissolve 0.3453 g of selenous
acid (actual assay 94.6% H2Se0O3) in deionized distilled
water and make up to 200 ml. Final concentration of

Se = 1000 mg/l.

Nickel Nitrate solution, 5%: Dissolve 24.780 g of ACS
reagent grade Ni(NO3)2. 6H20 in deionized distilled
water and make up to 100 ml.

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

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light. source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:

Graphite tube:

Sample aliquot:

Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000 with HGA 500
196.0

2‘0L

EDL

6 w

yes

4 sec

argon
pyrocoated with L'vov platform
20

. 0.05 uyg/ml, 0.020 ug/ml,

0.01 ug/ml, Rlank
NiNO3 (0.4%)

5 ul

automated

2

Keyboard entries for temp/time programing

Step 1
Temp®°C 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4 5
800 2200 2650 20
40 0 1 1
23 4 4 5
0
=3
0
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- F. SILVER

(Atomic Absorption, furnace technique)

Optimum Concentration Range: 1-25 ug/l
Approximate Detection Limit: 0.2 ug/l

Preparation of Standard Solution

1.

Stock Solution: Dissolve 1.575 g of AgNO3 (analytical
reagent grade) in deionized distilled water, add 10 ml
conc. HNO3 and make up to 1 liter. Final concentration
of Ag = 1000 mg/1l.

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."”

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

Instrumental

Instrumental Model: Perkin Elmer AA 5000 with HGA 500
Wavelength: 328.1 nm

Spectral band width: 0.7L

Light source: Hallow Cathode Lamp
Current/watts: 10 MA

Background Correction?: yes

Read-out parameter
Peak area; time: 5 sec

Peak height; time:

HGA Parameters

Purge gas: argon
Graphite tube: pyrocoated with L'vov platform
Sample aliquot: 10 ul

Calibration standards: 0.050 ug/ml, 0.020 ug/ml,
0.01 pg/ml, Blank

Matrix Modifier: none
Matrix modifier aliquot: none
Sample introduction: automated
Replicates: 2

Keyboard entries for temp/time programming

Step 1 2 3 4
Temp®°C 200 600 1900 2650
Ramp(s) 1 25 0 1
Hold(s) 25 35 5 5
Read -1
Baseline -4
Internal flow 0
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G. TIN

(Atomic Absorption, furnace technique

Optimum Concentration Range: 20-300 ug/l
Approximate Detection Limit: 5 ug/1l

- Preparation of Standard Solution:

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

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% MgNOj3
solution: Dissolve 4 grams of ammonium phosphate,
(NH4)2 HPO4, (analytical reagent grade) and 0.4 g of
MgNO3 in deionized distiled water and dilute to 100 ml.
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Element: Tin
Instrumental /HGA Parameters

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter

Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:
Graphite tube:
Sample aliquet:

A Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000 with HGA 500

224.6 nm
0.7L

EDL

8 Watts

yes

4 sec

argon

pyrocoated with L'vov platform

20 ul

0.10 ug/ml, 0.04 ug/ml,
0.020 ug/ml, Blank

5 ul

automated

2

Keyboard entries for temp/time programing

Step 1
Temp®C 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4
1000 2100 2650
10 0 1
23 4 4
0
-3
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 blank 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

i

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/l 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/l of metal in sample = 2 -
4]

where:

2 = ug/l 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/l of metal in sample = 2 e——

where:

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

ml of deionized distilled water used for
dilution

C = ml of sample aliquot

B

For sample containing particulates:

zv
ug/l of metal in sample = -
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where:

Z = ug/l 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:

v

mg metal/kg sample =
1,000.D

where:

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

final volume of processed sample in ml
weight of dry sample in grams '

\'
D

Wet sample:

v

mg metal/kg sample =
1000-w-P

where:

Z = ug/l 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. 1Incorrect programming or operation steps
are indicated by specific error codes on the temperature
display. (See Section 2.3 of P.E. HGA-500 Graphite
Furnace Operator's Manual.)

© 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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XII. REFERENCES
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APPENDIX A

(Excerpt from EPA SOW No. 785)
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ATTACHMENT 1

Scove and Anolica;ion

lel This method i3 an acid digestion procedure used to prepare sediments,

Summary of Method

sludges, and soil samples for analysis by flame or furnace atomic
absorption spectroscopy (AAS) or by inductively coupled argon plasma
spectroscopy (ICP). Samples prepared by this method may be analyzed
by AAS or IC? for the following metals:

Aluminunm Chromium Potassium
Antimony Cobalt Seleniunm
Arsenic Copper Silver
Barium Iron "~ Sodium.
Berylliunm Lead . Thalligm
Cadmium Magnesium  Vanadium 3
Calcium Manganese Z4inc
Nickel

NOTE:

2.1

A separate digestion procedure is tequired for furnace AA and ICP
analysis.

A representative 1l g (wet weight) sample is digested in aitric acid and
hydrogen peroxide. The digestate is then refluxed with either nitric
acld or hydrochloric acid. Bydrochloric acid is used as the final
reflux acid for the furmacs AA analysis of Sb, the flame AA or ICP
analysis of Al, Sb, Ba, Be, Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn,

Ni, K, Ag, Na, T1, V and Za. Nitric acid is employed as the £finmal
reflux acid for the furnace AA analysis of As, Be, Cd, Cr, Co, Cu, Fe,
Pb, Mn, Ni, Se, Ag, Tl, V, and Zn. A separate sample shall be dried
for a total solids determination (Exhibizc D, Attachment 9).

Apparatus and Macerials

3.1 250 ml beaker or other apﬁropriace ves;el.

3.2 Watch glasses

3.3 Thermometer that covers range of 0° to 200°C

3.4 Whatman No. 42 filter paper or equivalent

Reagents |

4.1 ASTM Type II wacer (ASTM D1193): Water must be moanitored.
4.2

Concentraced Nitric Acid (sp. gr. l.41)

Rt Tt reprts e iy et

R el i



5.

6.

4.3

o

Sample Preservation, and Handling

Concentrated Bydrochloric Acid (sp. gr. 1.19)

Hydrogen Peroxide (30Z)

S.1

Procedure

6.1

6.2

6.3

8.5

Hon=-aquacus samples must be refrigerated upon receipt until analys(s

Mix the sample thoroughly to achieve homogeniety. For each digestl
procedure, weigh (to the nearest 0.0lgms) a 1.0 to l.5 gnm portion
sample and transfer to a beaker.

mﬁkw‘

Add 10 ml of l:l nicric acid (HNO3), mix the slurry, and cover wiﬂ:
a wvatch glass. Heat the sample to 95°C and reflux for 1O minutesﬂ;
without boiling. Allow the sample to cool, add 5 ml of concentraty
HNO4, replace the watch glass, and reflux for 30 minutes. - Do not 3
allow the volume to be reduced to less than 5 al vwhile main:aining*
a covering of solucion over the bottom of the beaker.

i

o

AR d

Afcer the second reflux step has been completed and the sample has
cooled, add 2 ml of Type 1l wacer and 3 ml of 30Z hydrogen peroxidp
(H202). Return the beaker to the hot plate for warming to scart t.
peroxide reaction. Care must be taken to ensure chat losses do nof
occur due o excessively vigorous effervescence. Heaz uncil effars
vescence subsides, and cool the beaker. i

Continue to add 30Z H202 in |l ml aliquots wich warming uncil the <}
effervescence is minimal or until the general sample appearance is.
unchanged.. (NOTE: Do not add more thaa a total of 10 al 30Z H,04)

If cthe sample is being prepared for the furnace AA analysis of Sb,
the £lame AA or I1CP analysis of Al, Sb, Ba, Be, Ca, C4, Cr, Co, Cu,
Fe, Pb, Mg, Mn, Ni, K, Ag, Na, T1l, V, and Za, add 5 aml of l:l HCl .
aad 10 @l of Type LI water, recurn the covered beaker to the hot
plate, and heat for an additional 10 minuctes. Afcer cooling, filce
through Whazman YNo. 42 filter paper (or equivalenz) and diluce to *
100 ml wich Type Il wacer (or ceacrifuge the sample - see Note l).;
The dilucted sample has an approximate acid concentration of 2.5% 3
(v/v) HCl and SZ (v/v) HNO3. Diluce the digesctate 1:l (200 ml f{inal
volume) with the deionized water. The sample i{s aow ready for
analysis.

s (A P s

If che sample L{s beinyg prepared for the furnace analysis of As, Be,
Cd4, Cr, Co, Cu, Fe, Pb, Mn, Ni{, Se, Ag, Tl, V, and Za, coatinue heﬂ
{ng the acid=peroxide digestate until the volume has been reduced m
approximately 2 al, add L0 ml of Type Ll water, aand warm the mixtucr
After cooling, filter through Whatman No. 42 filter paper (or aqui
valenc - see lHoce l) and diluce to 100 ml wich Type [I water (or
cencrifuge the sample). The diluted digescate soluticn contains
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approximacely 2X (v/v) HNO3. Diluce che digestate l:l (200 ok final
volume) with deilonized water. For analysis, withdraw aliquots of
appropriace volume, and add any required reagent or matrix modifier.
The sample is now ready for analysis. .

Cal&ula:ions

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

7.2 The concentrations determined in the digest are to be reported
on the basis of the dry weight of the sample.

Concentracion (dry wec.) (mg/kg) = C x V ‘ .
W=xS

where Concentration (mg/L)

Final volume in liters after sample preparation

Weight in kg of wet sample

Z Solids/100

c
v
W
S

REF: Modification of Method 3050 from SW-846, Test Methods for Evaluacing

Solid Waste, EPA Office of Solid Waste and Emergency Respoase, July 1982.

Bibliogravhy

l. Modificatioa (by committee) of Mechod 3050, SW-846, 2nd ed., Test
Hethods for Evaluating Solid Waste, EPA Office of Solid Waste and
Emergency Respoase, July 1982.




APPENDIX B

ANALYTICAL LIFETIME OF GRAPHITE TUBES

-THE CHECKLIST-



PERKIN-ELMER

ATOMIC SPECTROSCOPY APPLICATIONS LABORATORY LAB

Bodenseewerk Perkin-Elmer & Co GmbH - Postfach 1120 - D-7770 Uberiingen

NOTES

44 £/ April 1983

Analytical Lifetime of Graphite Tubes
- The Checklist -

R. Lehmann, Z. Grobenski, U. V&1lkopf, 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. I[f the P-E Stabilized Temperature
Platform Furnace concept is completely and correctly applied, combined 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!



CHECKLIST
for the proper use of graphite tubes

. CJeahing the graphite contacts
. Thermal conditioning
Thermal pretreatment

Atomization temperature

. Atomization time

. Influence of the acid matrix

. Cooling

8. Inert gas

9. Lifetime of the graphite contacts.

~N G O W Ny -
.

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. 8010-7022). 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 C 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. Thermal pretreatment

[t 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
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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 mi/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.q. HN03,
HC10,, H,0,, etc., have a very bad reputation in graphite furnace AA. This
is eépecga¥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 inside of the graphite lattice. Thus, the graphite
lattice 1is 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

Qur 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 why 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 -C.
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 inrert cas results in a lower peak sensitivity for a few elements,
In addition, at temperatures above 2300 C toxic cyanogen (C,N,) may be
generated, making continuous use of nitrogen in a small, poorly ventilated
room potentially dangerous. Thus only argon can be recommended. Argon purity
should be 99,996 . with 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: : T
HGA-500 Program Location:
Instrumental Parameters Readout Parameters
Inst. Model : QA{‘; Absorbance/Conc:
Wavelength : D Peak Height; time
Spectral Bandwidth: D Peak Area; time
Light Source : D Recorder:
Current/Watts
Background Correction?
HGA Parameters

Keyboard Entries
HGA Mcdel : _Q/._%_ Step 1 2 3 4 S
Graphite Tube : Temp °C % 20 beso| 20 o
Sample Aliquot: Ramp (s) NSl 20 | 30 20 | /o
Sample Introduction Hold (s) | & £ 16 |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:

e U.S. EPA Contract Laboratory Program. Inorganic
Analysis: Multi-Media, Multi-Concentration. SOW No.
785 July 1985. 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.

® Guidelines Establishing Test Procedures for the Analysis
of Pollutants Under the Clean Water Act. Final Rule
and Interim Final Rule. 40 CFR Part 136, October 26,
‘1984, Appendix C. U.S. 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.



Martin Maristta Environmental Systems

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. :

I-2
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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, (1l+l1) 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-um 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) HNO3 to a pH of 2 or less.
Normally, 3 mL of (1l+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-um 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.

II-1
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For the determination of total or total recoverable
metals, the sample is acidified with (1+1) HNO3 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.

NOTE 2.

NOTE 3.

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.

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.

Definitions

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

b. Suspended are those elements which are retained by
a 0.45 um 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.

II-2
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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 conc. HNO3. 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 conc HNO3. 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 (1+1l) 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 1l).
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.”

ITI-1
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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 conc. HNO3. 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 conc. HNO3. 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+l HC1l 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 1l). 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) HNO3 and 10 mL
of (1+1) HC1l 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 1l: 1In 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-50 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.cecceceaccacesseeel2 liters/min
Nebulizer gas flowe.eeceseseeeeeaes0.5 - 0.7 liters/min
Auxiliary gas floW.ececesoooseees0.5 liters/min

Plasma viewing Height..eeeeeeee..1l5 mm above load coil
Incident RF pOWerecseessccesssssasl250 watts

Reflected RF pPOWer..cccoeecaceees< 5 watts

C. OPERATING PROCEDURES

Set up instrument as follows:

Torch Box—-RF Generator Preparation

1.

Turn the model 5000 POWER ON. Place the RUN/STANDBY
switch in te RUN position. This will normally stay in

Iv-1
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this configuration unless the unit requires servicing,
or if the unit is located in geographic areas of high
electrical storm activity or common power brownouts.

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

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

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.

Turn on the main for the Argon gas supply--check the
tank pressure to assure enough gas for analyses. Size
1A cylinder @ 2500 psi will last approximately 6-7
operating hours.

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

Follow the operating conditions listed in Table 1.

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 mlnutes
after the gas switches are turned on.

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 0.L. RESET button--
blue RF OFF button should glow--repeat step 2).

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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Press the ICP IGNITE button. The plasma should ignite
into a plume. If the plasma does not form within 5
seconds, depress the blue RF OFF button. Wait 1
minute, repeat steps 2 & 4.

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.

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.

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).

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 p31
depending on individual nebulizers.

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

Check BEC of Mn (refer to Daily Performance Check,
QA/QC 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.

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:

for developing methods and evaluating unknown
spectra

DEVELOP

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:

l. 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 -

SPECTRUM FILE -

Integration

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

S1-85

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

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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Upon completion of the read cycle; depress 1 on the
keyboard and the DISPLAY function key. This will
display the spectral scan just obtained.

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.

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.

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.

Store the completed element file by depressing the TO
LIBRARY function key. 1If you wish to store the spectrum
you have generated, use S (for spectra) TO LIBRARY,

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

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

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

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:

l. 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.

S. 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 QC/QA section.

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

3. Data must be reported as ug/l.

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 Symbol™*

Description

Simple Background Shift

Sloping Background shift /Jor\

Direct Spectral Overlap /\

Complex Background Shift *

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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l. 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/l of
the interferent element. The suggested use of this information
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Table IV-2. Recommended wavelengths, estimated detection limits and fEC.

Elements Wavelength U;B;I Interferences (IEC) at 100 ug/ml
Al 308,215 ~ 0,080 v 2.63 Mn (0.21)
Sb 206.833 0.040 Al (0.47), Cr (2.9), Fe (0.06),
Tif (0.25), V (0.45)
As 193.696 0.020 Fe 0.6§, Al 1:@, Cr (0.44), V (1.1)
197.197** 0.050 -
Ba 455,403 0.0002 ——
233,527%* 0.0005 -
Be 313.042 0.0005 Ti (0.04), V (0.05)
B 249,773 0.004 Al (0.04), Fe OJQ, Mo O.d%
cd 226.502 0.002 Ni (0,02), Fe 0.01, Al 0,005, As .061,
Co 0. '
214.,438** ———
Ca 317.933 <0.0005 Cr (0.06), Fe (0.01), Mg (0.01),
Mn (0.04), Ti (0.03), V (0.03)
Cr 267.716 0.003 Fe (0.003), Mn (0.04), V (0.04), Zn,

large

205,55** 0.006 Fe 0.65, Al 0.02, v 0.6\, Zn 0.04
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Table IV-2 ,

(Continued)

Elements Wavelength U;B;I Interferences (IEC) at 100 ug/ml***

Co 228,616 0.006 Fe 0.{, Al 0.002, Ni o.{, Cr (0.03),

Ti (0.15)
*

Cu 324.754 0.0002 Fe 0.005, Ti (0.05), V (0.02)

Ag 328,068 0.005 -—

Fe 259,94 0.003 Co 0.31, Mn (0.12)

Pb 220.353 0.05 Al (0.17)

Mg 279.079 <0.0005 Ca (0.02), Cr (0.11), Fe (0.13),
Mn (0.25), Ti (0.07), V (0.12)

NG *

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 0.65, Mg 0.605

Ni 231.604 0.01 Fe 0.01, Co d?hs

Se 196.026 0.05 Al (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)

Elements Wavelength ué?ﬁl Interferences (IEC) at 100 ug/ml***
Na 588.995 0.029 Ti (0.06)
TR 190.864 0.05 Al (0.30)
Zn 213.856 0.001 Cu (0.14), Ni (0,29)
Ti 334.94 0.001 ——
v 292,40 0.005 Cr (0.05), Fe (0.005), Ti (0.02)
Sn 189.98 0.03 ——

** Alternate wavelength recommended

*** Tnterferences with symbols were taken from P.E. Method
bevelopment 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/l of
aluminum. According to Table IV-2, 100 mg/l of aluminum would
vyield a false signal for arsenic equivalent to approximately

1.0 mg/1l. Therefore, 10 mg/l of aluminum would result in a

false signal for arsenic equivalent to approximately 0.10 mg/l.
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. 1If these types of inter-
ferences are operative, they must be reduced by either of the
following:

® Dilution of the sample
® Utilization of standard addition technigue
¢ 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). 1If 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

Analytes (mg/L) Interferents (mg/L)
Al 10 Al 1000
As 10 Ca 1000
B 10 Cr 200
Ba 1 Cu 200
Be 1 Fe 1000
ca 1 Mg 1000
cd 10 Mn 200
Co 1 Ni 200
Cr 1 Ti 200
Cu 1 v 200
Fe 1
Mg 1
Mn 1
Mo 10
Na 10
Ni 10
Pb 10
Sb 10
Se 10
si 1
Tl 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

l. 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,1 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 at 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 12B,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 (1l+l1) HNO3 for 30
minutes, rinse very well with water and dry before
mounting the torch (section 12B,6 of Perkin Elmer
ICP Instruction Manual). !

Troubleshooting
l. General Problems - (refer to Section 12C,1 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
1l ppm and determine BEC. Check if plasma is
slanted.
(b) Horizontal-adjust torch box by sliding forward
or backwards, very slowly while aspirating Mn
1l ppm, until highest emission intensity is
obtained. Normally the instrument will give
47 energy.
e Nebulization - check the nebulizer pressure and
flow rate.
4, Bad Precision

Check the following:

® Nebulizer flow rate
IV-16
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Nebulizer tips if clogged
Pump tubing tension

Drain for loose fitting
Argon lines for leaks

IvV-17



Martin Marietta Environmental Systems

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, conc. (sp gr 1.06)

e Hydrochloric acid, conc. (sp gr 1.19)

® Hydrochloric acid, (1l+1): Add 500 mL conc. HCl
(sp gr 1.19)

¢ Nitric acid, conc. (sp gr 1.41)

e Nitric acid, (1+1): Add 500 mL conc. HNO3 (sp gr 1.41)
to 400 mL deionized, distilled water and dilute to
l 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 D
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

1l 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 conc. HNO3 in
a beaker. Warm gently to effect solution. When solution is
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complete, transfer guantitatively to a liter flask, add an
additional 10 mL of (l1+1) HCl and dilute to 1000 mL with
deionized, distilled water.

Antimony Solution Stock

1l mL = 100 ug Sb: Dissolve 0.2669 g K(SbO)C4qH40¢ in
.deionized, distilled water containing 0.4 g NaOH. Acidify the
solution with 2 mL conc. HNO3 and dilute to 1,000 mL with
deionized, distilled water.

Arsenic Solution, Stock

l mL = 100 ug As: Dissolve 0.1320 g of As503 in 100 mL of
deionized, distilled water containing 0.4 g NaOH., Acidify the
solution with 2 mL conc. HNO3 and dllute to 1, 000 mL with deionized,
distilled water.

Barium Solution, Stock

1 mL = 100 ug Ba: Dissolve 0.1516 g BaCly (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

1l mL = 100 ug Be: Do not dry. Dissolve 1.966 g BeSO, °
4H70, in deionized, distilled water, and 10.0 mL conc. HNO3 and
dilute to 1,000 mL with deionized, distilled water.

Boron Solution, Stock

l1 mL = 100 ug B: Do not dry. Dissolve 0.5716 g anhydrous
H3BO3 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

l mL = 100 ug Cd: Dissolve 0.1142 g C40 in a minimum
amount of (1+1) HNO3. Heat to increase rate of dissolution.
Add 10.0 mL conc. HNO3 and dilute to 1,000 mL with deionized,
distilled water.

Calcium Solution, Stock

1l mL = 100 ug Ca: Suspend 0.2498 g CaCO3 dried at 180°C
for 1 h before weighing in deionized, distilled water and
dissolve cautiously with a minimum amount of (1l+1) HNO3. Add
10.0 mL conc. HNO3 and dilute to 1,000 mL with deionized,
distilled water.

Chromium Solution, Stock

l mL = 100 ug Cr: Dissolve 0.1923 g of CrO3 in deionized,
distilled water. When solution is complete acidify with 10 mL
conc. HNO3 and dilute to 1,000 mL with deionized, distilled
water.

Cobalt Solution, Stock

1l mL = 10 ug Co: Dissolve 0.1000 g of cobalt metal in a
minimum amount of (1+1) HNO3. Add 10.0 mL (1+1) HCl and dilute
to 1,000 mL with deionized, distilled water.

Copper Solution, Stock

lmL = 100 ug Cu: Dissolve 0.1252 g Cu0 in a minimum
amount of (l+l) HNO3. Add 10.0 mL conc. HNO3 and dilute to
1,000 mL with deionized, distilled water.

Iron Solution, Stock

lmL = 100 ug Fe: Dissolve 0.1430 g Fe203 in a warm
mixture of 20 mL (1+1) HCl and 2 mL of conc. HNO3. Cool, add
an additional 5 mL of conc. HNO3 and dilute to 1,000 mL with
deionized, distilled water.
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Lead Solution, Stock

l mL = 100 ug Pb: Dissolve 0.1599 g Pb(NO3)3 in a minimum
amount of (1+1) HNO3. Add 10.0 mL of conc. HNO3 and dilute to
1,000 mL with deionized, distilled water.

Magnesium Solution, Stock

l mL = 100 ug Mg: Dissolve 0.1658 g MgO in a minimum
amount of (1+1) HNO3. Add 10.0 mL conc. HNO3 and dilute to
1,000 mL with deionized, distilled water.

Manganese Solution, Stock

1l mL = 100 ug Mn: Dissolve 0,.1000 g of manganese metal in
the acid mixture, 10 mL conc. HC1l and 1 mL conc. HNO3, and
dilute to 1,000 mL with deionized distilled water.

Molybdenum Solution, Stock

1l mL = 100 ug Mo: Dissolve 0.2043 g (NH4)7MoO4 in deionized,
distilled water and dilute to 1,000 mL.

Nickel Solution, Stock

lmL = 100 ug Ni: Dissolve 0.1000 g of nickel metal in 10
mL hot conc. HNO3, cool and dilute to 1,000 mL with deionized,
distilled water.

Potassium Solution, Stock

1l mL = 100 ug K: Dissolve 0.1907 g KC1l, 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 HySeOj3
(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 SiO3: Do not dry. Dissolve 0.4730 g
Na,Si043°9H,0 in deionized, distilled water. Add 10.0 mL conc.
HNO3 and dilute to 1,000 mL with deionized, distilled water.

Silver Solution, Stock

1l mL = 100 ug Ag: Dissolve 0.1575 g AgNO3 in 100 mL of
deionized, distilled water and 10 mL conc. HNO3. Dilute to
1,000 mL with deionized, distilled water.

Sodium Solution, Stock

l mL = 100 ug Na: Dissolve 0.2542 g NaCl in deionized,
distilled water. Add 10.0 mL conc. HNO3 and dilute to 1,000 mL
with deionized, distilled water,

Thallium Solution, Stock

1 mL = 100 ug Tl: Dissolve 0.1303 g TINO3 in deionized,
distilled water. Add 10.0 mL conc. HNO3 and dilute to 1,000 mL
with deionized, distilled water.

Vanadium Solution, Stock

l mL = 100 ug V: Dissolve 0.2297 NH4VO3 in a minimum
amount of conc. HNO3. Heat to increase rate of dissolution.
Add 10.0 mL conc. HNO3 and dilute to 1,000 mL with deionized,
distilled water.

Zinc Solution, Stock

1l mL = 100 ug 2n: Dissolve 0.1245 g ZnO in a minimum
amount of dilute HNO3. Add 10.0 mL conc. HNO3 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 standard combinations listed below).
Add 2 mL of (1+1) HNO3, 10 mL of (l+l) HCl and 1 ml scandium
(1000 ug/ml) as internal standard and dilute to 100 mL with
~ deionized, distilled water. (See Note l). Prior to preparing
the mixed standards, each stock solution should be analyzed
separately to 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,

l. Mixed Standard Solution I

Manganese, beryllium, cadmium, lead, and zinec.

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
ca* 226.502 0.05 0.04 10.0 1.0 5.0 0.1
Cr 267.716 0.05 0.05 10.0 ' 1.0 5.0 0.5
Pb* 220,353 0.05 0.05 10.0 5.0 5.0 1.0
Hg* 194,227 0.05 0.06 10.0 5.0 5.0 2.0
Se* 196.026 0.14 0.16 10.0 5.0 5.0 1.0
Ag 328.068 0.07 - 10.0 1.0 5.0 0.5
Sc 255,23 - 0.06 use as internal std. (add 10 ppm
to all Stds, Blank and Samples).
Cu 324,754 - = e 10.0 ———mem——- 5.0
Fe 259.94 0.05 0.05 = ——mmmeee 3.0 mmemmmeeee 1.0
Mn 257,61 0.06 0.06  -——-——m—-- 0.5 ——m——me—- 0.2
Zn 213,856 -- 0.05 = ——mmeeee 10.0 ———————- 5.0

Sb* 206.833 -- —— e 1.0 = cmmemee—m 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 A Test Water
Be 313.042 0.07 e 1.0 e 0.5
T1* 190.864 - - emmmm————— 2.0 = memmm————— 1.0
Al 308.215 - e e e 5.0 = ——mm——e— 2.0
B 249.7173 - _— mmmmmme—- 2.0 @ e 1.0
Co 228.616 -- - e 1.0 = e 0.5
Mo* 202,03 - — emem————e 1.0 ———————— 0.5
Sn* 189.98 -- —— e 1.0 = e 0.5
Ti 334,94 - —— eem———— 1.0 = cmmmm———e 0.5
Ni* 231.604 0.07 —-— emem——— 1.0 = e 0.5

*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.

SWASAS [BIUBLLLOIIAUT eI ULIeK



Martin Marietta Environmental Systems

5. Mixed Standard Solution V (continued)

NOTE l1l: 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 HC1.

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.

l. The Calibration Blank

The calibration blank is prepared by diluting 1 mL (1000
mg/L) of Scandium, 2 mL of (1+1) HNO3 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.

In addition to the calibration standards, an instrument
check standard, an interfareance check sample and a quality
control sample are also required for the analyses.
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Martin Marietta Environmental Systems

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 1f 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.

Interferent and analyte elemental concentra-
tions used for ICP interference check sample,

Analytes

(mg/L) Interferents (mg/L)

Ag
As
Ba
Be
Ccd
Co
Cr
Cu
Mn
Ni
Pb
Sb
Se
Tl
v

Zn

Al 500
Ca 500
Fe 500
Mg 500

HOFHFFHFFFHFOOOOHOOKFO
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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. '



ATTACHMENT 5

MERCURY

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

il. Scope and Application

lel In addition to inorganic forms of mercury, organic mercurials
may also be present. These organo—mercury coupounds will not
respond to the cold vapor atomlic absorption technique unless they
are first bgoken down and coaverted to mercuric ioms. Potassium
permanganate oxidizes many of chese compounds, but recent studies
have shown that a number of organic mercurials, including phenyl
mercuric acetate and zethyl mercuric chloride, are ouly parcially
oxidized by this reagent. Potassium persulfate has beea found to
glve approximately 1002 recovery when used as the oxidant with
thesa compounds. Therefore, a persulfate oxidation step following
the addition of the permanganate has been included to insure that -

- organo—mercury compounds, if present, will be oxidized to the
mercuric ion before measurement. A heat step is required for
methyl mercuric chloride when present in or spiked to a natural
system. For distilled water the heat stap is goC necessary.

1.2 The range of the method may be varied through inscrument and/or
recorder axpansion. Using a 100 ml sample, a detection limit of
0.2 ug Hg/l can be achieved (see Appendix 1l1.2).

2. Summary of Method

2.1 . The flameless AA procedure i{s a physical method based on the
absorption of radiaciom ac 253.7 am by mercury vapor. Organic
mercury compounds are oxidized and the mercury is reduced to the i
"elemental state and aerated from soluciom in a2 closed system. :
The mercury vapor passes through a cell positioned in the light .
path of an atomic absorption spectrophotometer. Absorbance (peak e
height] i3 measured as a function of mercury concencration and
recorded in the usual .manner.

*CLP-M modified for the Contract Laboratory Progranm
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Method 245.1 CLP-M (cont.)

3. Sample Bandling and Preservation

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

4, Iaterference

4.1 Possible interference from sulfide is eliminated by the additiom
of potassium permanganate. Concentrations as high as 20 mg/l of
sulfide as sodium sulfide do not interfere with the recovery of
added inorganic mercury from distilled water.

4.2 Copper has also been reported to interfere; however, copper
concentrations as high as 10 mg/l had no effect om recovery of
mercury from spikad samples.

4,3 Sea waters, brines and industrial effluents high in chlorides
require addiciomal permanganate (as much as 25 ml). During the
oxidaction step, chlorides are converted to free chlorine which
will also absorb radiation of 253 am. Care must be taken ¢o
assure that free chlorine is absent before the mercury is reduced
and swepc 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
addicion of stammous sulfate. Both inorganic and orgamic mercury
spikes have heen quantitatively recovered from the sea wacer using
this techaique. '

4,4 Intarferance from cesrtain volatile organic matarials which will
absorb at this wavelength is also possible. A preliminary run
without reagenzs should detarmine if this type of interference is
present (see Appendix 1ll.1l).

S. Apparatus

Se<1 Atomic Abscorption Spectrophotomecer: (See Note 1) Any atomic
absorption uniz having an ¢open sample presentaticun area in which
. to mount the absorpction cell is suicable. Instrument settings
recommended by the particular manufacturer should be followed.
NOTE l:- Instruments designed specifically for the measurement
of mercury using the cold vapor technique are commercially available
and may be substituted for the atomic absorption spectrophotomecar.

i
i
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Method 245.1 CLP-M (cont.)

5.2 Mercury Bollow Cathode Lamp: Westinghouse WL-22847, argom filled,
or equivalent. :

3e3 Recorder: Any multi-range variable speed recorder that 1is compatible
‘with the UV detection system is suitable.

5.4 Absorption Cell: Standard spectrophotometer cells 10 ecm long, having
quartz end windows may be used. Suitable cells may be comstructed
from plexiglass cubing, 1" 0.D. X 4-~1/2"., The ends are ground per-
pendicular to the longitudinal axis and quartz windows (1" 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 two 2"
by 2° cards. Oune inch diameter holes are cut in the middle of each
card; the cards are then placed over each end of the cell. The cell
is then positioned and adjusted vertically and horizomtally to find

- the maximum transmittance.

5 S.S Air Pump: Any peristaltic pump capable of delivering 1 licer of air
e 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 minucta.
5.7 Aeratiom Tubing: A straight glass fit having a coarse porosicy.
Tygon tubing 1s used for passage of the mercury vapor from the

sample bottle to the absorptiom c¢ell and returm.

5.8 Drying Tube: 6~ X 3/4~ diameter tube containing 20 g of magnesium

g perchloracte (see Note 2). The apparatus 1s assembled as shown in
Figure l.
NOTE 2: In place of the magnesium perchlorate drying tube, a small
reading lamp with 6QW bulb may be used to prevent condensacion of
molisture inside the cell. The lamp is positioned to shine om the
absorption cell maintaining the air temperature in the cell about
10°C above ambient. ' '

Reagents ] .
i Bel Sulfuric Acid, Conec: Reaéen: grade.
.11 Sulfuric acid, 0.5 N: Dilute 14.0 @l of conc. sulfuric acid
to 1.0 licer.
ble
£e 6.2 Nizric Acid, Cone: Reagent grade of low mercury contentc (sae Note

3). NOTE 3: 1f a high reagent blank is obtained, it may be neces-
'sary to distill the nitric acid.
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Method 245.1 CLP2-M (cont.)

6.3

6.4

6.5

6.6

6.7

SAMPLE SOLUTION - 'ABSOREING
IN BOD BOTTLE MEDIA

Stannous Sulfate: Add 25 g stannous sulface to 250 ml of 0.5
N sulfuric acid. This mixture is a suspension and should be
stirred continuously during use. (Stannous chloride may be use

in place of stannous sulface.) )

Sodium Chloride-~Hyroxylamine Sulface Solution: Dissolve 12 g o
sodium 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.) )

Potassium Permanganate: 52 solution, w/v. Dissolve 5 g of
potassium permanganate in 100 al of distilled wacer.

Pocassium Persulfate: 352 solution, J/v. Dissolve 5 g of potassium
persulface in 100 @l of distilled wacer. K

Stock Mercury Solutiocm: Dissolve 0.1354 g of mercuric chloride in
75 ml of distilled water. Add 10 ml of conc. nitric acid and :
adjust the. volume to 100.0 ml. ! ml = 1 mg Hg. ’

M\ <
AlIR PUMP : ' : #

e
~

DESICCANT ,L ,{ /
| ABSORPTION SCRUBBER

0 <€ SUBBLER CELL - (J <7~ CONTAINING
A MERCURY -

Cotedt
P m’f{ﬂ;
Bl s Yy

Figure 1. Apparatus for Flameless Mercury Determination.

D - 4]




bR Y b

3
3
3

Ad Bl 2t

Lo dd)

TP

3
2

wechod 243.1 CLP-# (cont.)

6.8

Working Mercury Solution: Make successive dilutious of the stock
mercury solutioa to obtain a working standard containing O.l ug per
ml. This working standard and the dilutions of the stock mercury
solution should be prepared fresh daily. Acidicy 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. Calibracion

7.1

Transfer 0, 0.3, 1.0, 5.0 and 10.0 ml aliquots of the working
mercury solution containing 0 to 1.0 ug of mercury to a series of
300 ml BOD bottles. Add enough discilled water to each bottle to
make a total volume of .100 ml. Mix thoroughly and add 5 @l of conc.
sulfuric acid (6.1) and 2.5 ml of cone, nitric acid (6.2) to each
bottle. Add 15 aml of KMnO4 (6.5) solution to each bottle and allow
to stand at least 15 minutes. Add 8 ml of pocassium persulface (6.6)
to each bottle and heac for 2 hours in a watar bath maintained at
95°C. Cool and add 6 ml of sodium chloride-hydroxylamine sulfate
solucion (6.4) to reduce the excess permanganata. When the solution
has been decolorized wait ‘30 secocuds, add 5 ml of the stannous
sulfate solution (6.3) and immediacely attach the boctle to the
aeration apparatus forming a closed system. Az this point the
sample is allowed to stand quietly without manual agitation. The
circulating pump, which has previously been adjusted to a rate of

l liter per minute, is allowed to run continuously (see Nate &),

The absorbance will increase and reach maximum within 30 secounds.

As soou as the recorder pen levels off, approximately ! minute,

open the bypass valve and coutinue-<the aeration uncil the absorbance
returns to its ainizum value (see Note 5). Close the hypass valve,
remove the 3topper and fritc from the BOD bottle and continue che
aeration. Proceed wicth the standards and comstruct a standard

curve by plocting peak height versus amicrograms of mercury.

NOTE 4: An open system where the mercury vapor is passed through
the absorption cell oanly once may he used instaad of cthe closad
system.

NOTE 5: Because of the toxic nacure of mercury vapor precaution
must be taken to avoid its inhalation. Therefore, a bypass has
been included in the system Co either vent the mercury vapor inco
an exhaust hood or pass the vapor through some absorbing media,
such as:

a) equal voiumes of 0.1 M Kn04, and 102 H9SQ,
b) 0.25Z iodime im a 3X a KI solution

A specially ctreaced charcoal that will adsorb zercury vapor is also
available from Barnebey and Cheney, Z. 8ch Ave. and N. Cassidy Sc.,
Columbus, Ohio 43219, Cat #580-13 or #580-22.
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Mechod 245.]1 CLP-M (comt.)

8.

10.

Procedure

8.1

Calculacion ‘ v ' ) Eg

under Calibracion.

more than 1.0 ug of mercury, to a 300 ml BOD bottle. Add 5 ml_ot;
sulfuric acid (6.1) and 2.5 ml of comc. nitric acid (6.2) mixing
after each additom. Add 15 ml of potassium permanganate solutic
(6.5) to each sample bottle (see Note §). For sewage samples
additional permanganate may be required. Shake and add additionals
portions of potassium permanganate solution, if necessary, untilﬂﬁn’
purple color persists for at least 15 minutes. Add 8 ml of po:ag;n{
persulfate (6.6) to each bottle and heat for 2 hours in a water Baty;

at 95°C.

NOTE 6: The same amount of KMnO,4 added to the samples should be
present in standards and blanks.

Cool and add & ml of sodium chloride-hydroxylamine sulfate (6.4) t
reduce the excess permanganats (see Note 7). After a delay of at:
least 30 seconds add 5 ml of stannous sulface (6.3) and immediately
attach the bottle to the aeration apparatus. Continue as dascribed:

NOTE 7: Add reductant in 6 mL increments uncil RnO4 is completaly.
reduced. : 1

9.1 Determine the peak height of the unknown from the chart and read

the mercury value from the standard curve. &
9.2 Calculate the mercury coacentration in the sample by the formula:

ug Hg in 1,000
ug Hg/l = aliquoc X
volume of aliquot in =l

9.3 Report mercury concentratiouns as follows: Below 0.2 ug/l, 0.20;

between 0.2 and 10 ug/l, one decimal; above 10 ug/l, whole aumbers.
Appendix

" 10.1 While che possibility of absorption from certain organiz Subscancegé

-actually being present in the sample does exisc, EMSL has not encoud”

tered such samples. This is mentioned ounly to caution the analyst
of the possibilicy. A simple corrsctica ‘that may be used is as
follows: If an interference has been found to be preseanc (4.4), th
sample should be analyzed both.by using the regular procedure and iR
again under oxidizing conditions only, that is wichout the :educing«
reagents. The true mercury value can then be obcained by subcraccins
the two values. w
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10.2 If additional seasitivity is required, a 200 ml sample with '%
recorder expansion may be used provided the instrumeat 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. With these conditions, and distilled water
solutions of mercuric chloride at concentracions of 0.15, 0.10,
0.05 and 0.025 ug/l the standard deviations were +0.027, +0. 0006
#0.01 and +0.004. Percent recoveries at these levels vere 107,
83 84 and 962 respectively.

10.3 Directions for the disposal of mercury—containing wastes are
glven {n ASTM Standards, Part 31, "“Water®, p. 349, Method D3223
(197s). . ‘

31bliogravhy

1. Kopp, J. F., Longbottom, M. C. and Lobring, L. B. "Cold Vapor
Method for Determining Mercury”™, AWWA, vol. 64, p. 20, Jan. 1972.

2. Annual Book of ASTM Standards, Part 31, “Water®, Standard D3223-73,
p. 343 (1976). g

3. Standard Methods for the Examination of Water and Wastewater l4th
Edicion, p. 156 (1975).
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ATTACHMENT 54
MERCURY

Method 245.2 CLP~M* (Automated Cold Vapor Technique)

1. Scope and Application
1.1 The working range is 0.2 to 20.0 ug Eg/l.

2. Summary of Method

2.1 The flameless AA procedure is a physical method based on the :
absorption of radiation at 253.7 um by mercury vapor. The mercugy 5
is reducad to the elemental state and aerated from solution. ;
Dercury vapor passes through a cell positioned in che lighe pach Q
an atomic absorption spectrophotometer. Absorbance (peak height
measured as a function of mercury concentration and recorded in
usual manner.

2.2 1In addition to inorganic forms of mercury, organic mercurials may
~ also be present. These drgano-mercury compounds will not respend:
to the flameless atomic absorption technique unless they are first
broken down and converted to mercuric fomns. Potassium permanganats’:
oxidizes many of these compounds, but recent studies have shown that
a oumber of organic mercurials, including phenyl mercuric acetate
and methyl mercuric chloride, are only partially oxidized by this :.
reagent. Potassium persulfate has been found to give approximacely:
1002 recovery when used as the oxidant with these compounds. There=
fore, an automated persulfate oxidation step following the automated
addition of the permanganate has been included to insure that orgame
mercury compounds, if present, will be oxidized to the mercuric ion .
before mgasuremen:.

3. Sample Eandling,and Preservation

3.1 Unctil more couclusive data are obtained, samples should be pteserved
by acidification wich nicric acid to a pH of 2 or lower imedi,acely
at the time of collection(l) (see Exhibic F).

R e

* CLP-M Modified for the contract Laboratory Program
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mechod 265.2 CLP-M (cout.)

4.

Interferance (see NOTE 1)

4,1

4.2

4.3

4,4

S.1

5.2

5.3

5.5

Some sea waters and waste—waters high in chlorides have showm a posi-
tive interfereancs, probably due to the formation of free chlorine.

Interference from certain volatile organic materials which will
absorb at this wavelength is also possible. A preliminary run under
oxidizing conditiouns, without stannocus sulfate, would determine 1if
this type of interferencs is preseat.

Formation of a heavy precipitate, in some wastewaters and effluents,
has been reported upon addition of concentrated sulfuric acid. If
this i3 encountered, the problem sample cannot be analyzed by this
method.

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 use of the
Manual Mercury method.

Apparatus

Technicon Auto An;lyz;r consisting of:

Se.l.]l Sampler II wich provision for sample mixing.
S.1.2 Manifold. .

5.1.3 Proportioning Pump II or III.

S.l.4 High :empera:u:e'heacing bath wich two discillacion coils
(Technicon Part #116-0163) in series.

Vapor—-liquid separacor (Figure 1l).
Abgorption cell, 10O mm long, 10 =m diameter with quartz windows.

Atomic Absorption Spectrophotomezer (see Note 2): Any acomic
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: Iostruments designed specifically for the measurement of
mercury using the cold vapor technique are commercially
available and may be substituted for the atomic absorpcion
spectrophotomecear.

Mercury Hollow Cathode Lamp: Westinghouse WL-22847, argon filled,
or equivalent.
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Method 245.2 CLP-M (cont.)

6.

Reagents

5.6 Recorder: Any multi-range variable speed recorder that is compa>

ible with the UV detection system is suitable.
5«7 Source of cooling water for jacketed mixing coil and commector
5.8 Heat lamp: A small reading lamp with 60W bulb may be used to
prevent condensation of moisture inside the cell. The lamp is

positioned to shine on the absorption cell maintaining the air
temperature in the cell about 10°C above ambient. :

6.1 Sulfuric Acid, Couc: BReageéent grade

6.lel Sulfuric acid, 2 N: Dilute 56 ml of conc. sulfuric acid :
l licer with discilled wacer.

6¢ele2 Sulfuric acid, 10Z: Diluce 100 ml conc. sulfuric acid :o§

l licer with distilled water.

6.2 Nitric acid, Can;: Reagén: grade of low mercury content.

6.2.1 Nitric Acid, 0.5% Wash Solucion: Dilute S ml of concentrated,

aizric acid to 1 liter with discilled wacar.

6.3 Stannous Sulfate: Add 50 g stannous sulfate to SO0 ml of 2 N

sulfuric acid (6.1.1). This mixture is a suspension and should beAl

stirred continuously during use.

NOTE 3: Stannous chloride may be used in place of scanmous sulfate.

6.4 Sodium Chloride~Hydroxylamine Sulfate Soluciom: Dissolve 30 g of
sodium chloride and 30 g of hydroxylamine sulface in distilled .
water to 1l liter.

NOTE 4: Hydroxylamine hydrochloride may be used in place of
hydroxylamine sulfate.

6.5 Pocassium Permanganaﬁe: Q.52 solucion, w/v. Dissolve 5 g of
potassium permanganate in l licer of discilled water.

6.6 Potassium Permanganace, 0.1 N: Dissolve 3.l6 g of potassium
permanganate in distillad water and diluce £o ! liter.

6.7 Potassium Persulface: 0.52 solution, w/v. Dissolve 5 g pocassiumﬁ

persulface in 1l licer of discilled wacer.

6.8 Stock Mercury Solucfon: UDissolve 0.1354 g of mercuric chloride in

75 ml of distilled water. Add 10 ml of cone. aicric acid and
adjust the volume to 100.0 ml. 1.0 ml = 1.0 ag Hg.
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‘“:hod 245.2 CLP-M (cont.)

7.

6.9

6.10

7.1

7.2

7.3

7.4

7.5

7.6

Working Mercury Solution: Make successive dilutions of the stock
mercury solution (6.8) to obtain a working standard coataining 0.l
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 0.15% nitric acid. This
acid should be added to the flask as needed before the additiom of
the aliquot. PFrom this solution prepare standards coataining 0.2,
0.5, 1.0, 2.0, S.0, 10.0, 15.0 and 20.0 ug Hg/l.

Ailr Scrubber Solution: Mix equal volumes of 0.1 N potassium
permanganacte (§.6) and 10X sulfuric acid (6.1.2).

Procedure

Set up manifold as shown in Figure 2.

Feeding all the reagencs':hrough the system with acid wash solution
(6.2.1) chrough the sample line, adjust heating bath to 105°C.

Turn oun atomic absorptioun spectrophotometer, adjust ianstrument
settings as recommended by the manufacturer, align absorption call
in light path for maximum transwmittance and place heat lamp directly
over absorption cell.

Arrange vorking mercury standards from 0.2 co 20.0 ug Bg/l iz sampler
and scart sampling. Coumplete loading of sample tray wich unkaown
samples.

Prepare standard curve by plocting peak height of processed standards
against concentration values. Determine concentracion of samples by
comparing sample peak height with szandard curve.

NOTE 5: Because of the toxic nature of mercury vapor, precaucion
Tust be taken to avoid its inhalation. Venting the mercury vapor

4129 an exhaust hood or passing the vapor through some absorbing

media such as:

a) equal volumes of 0.1 N RMn04(6.6) and 10Z E;S50, (6.1.2).
b) 0.25% iodine in a 3% KI solution, is recommended.

A gpecially treaced charcoal that will adsorb mercury vapor is also
availale from Barmebey and Cheney, E. 8th Ave. and North Cassidy Sc.,
Columbus, Ohio 43219, Catc, #580-13 or #580-22.

After the analysis 1s complete put all lines except the H3S04 line-
in distilled wvater to wash out system. After flushing, was out the
HoSQ,4 line. Also flush the coils in the high temperature heating bach
by pumping stannous sulfate (6.3) through the sample lines followed
by distilled water. This will prevent build-up of oxides of manganese.
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Method 245.2 CLP=-M (cont.)
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%od 245.2 CLP-M (comnt.)
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ATTACHMENT 6
MERCURY (in Sediments)

Mathod 265.5 CLP-M* (Manual Cold Vapor Technique)

1. Scope and Aoplicacion

1.1 This procadure measures total mercury (organic and inorgamic) in
soils, sediments, bottom deposits and sludge type macarials.

1.2 The range of'the mechod 1s 6.2 to S ug/g. The range may be extended
above or below the normal range by increasing or decreasing sample
size or through instrument and recorder coatrol.

2. Suﬁhaty of Method’

2.1 A weighed portion of the sample is acid digested for 2 minutes at
95°C, followed by oxidation with psotassium permanganate and potassium
persulfate. Mercury in the digested sample is then measurad by the
couventional cold vapor tachnique.

2.2 An alcernate digestion involving the use of an autoclave is described
' in (8.2).

3. Sample Handling and Preservation

3.1 Becausa of the extreme seansitivity of the amalytical procedure acnd
the omnipresence of mercury, care must be taken Co avoid extraneous
contamination. Sampling devices and sample containers should be

_ascertained to be free of mercury; the sample should nct be exposad
to any condition in the laboratory that may result in contaet or
ajir—borne mercury contamination.

3.2 Refrigeracé sclid sadbles upon receipc.

3.3 The sample should be anhlyzed without drying. A separate I solids
determinaction is required. (Exhibic D, Accachmeac 9).

4, Incerfarences

4.1 The same types of interferesnces that may occur {a water samples are

also possible with sediments, i.e., sulfides, high copper, high
chlorides, ecc.

*CLP-M modifi{ed for the Contcract Laboratory Program
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Mechod 245.5 CLP-M (cont.)

Se

4.2

4.3

223!3 tus

3.1

5.2

3.3

Seb -

5.5

5.6

interference. In order to remove any in:erfering volacile materishey
purge the dead air space in the BOD bottle before the additiom cfﬁf}
stannous sulfa:a.

Sample containing high concentrations of oxidizable organic matezi"
as evidenced by high chemical oxygen demand values, may not be. CQuéﬁ
pletely oxidized by this procedure. When this occurs, the recoég '{
of organic mercury will be low. The problem can be eliminated: by# 4
reducing the weight of the original sample or by increasing the =@

amount of potassium persulfate (and consequently stannous chloria;gé
usad in the digestion.

Atomic Absorption Spectrophotometer (see Note l): Any atomic absarpe
tion unit having an open sample presentation area in which to mountﬂ
the absorption cell is suitable. Instrumest sectings recommended py-
the particular manufacturer should be followed.

NOTE l: Instruments designéd specifically for the measurement of‘y
mercury using the cold vapor technique are commercially available
and may be subscituted for the atomic absorption spectrophccometer.‘

Mercury Hollow Cathode Lamp: Westinghouse WL-22847, argon filled,
or equivalent.

Becorder: Any multi-range varlable speed recorder that is compactible
wvich the UV detection system is suitable. o
Absorption Cell: Standard spectrophotometer cells 10 e=m long, having
quartz end windows may be used. Suitable calls many be counstructed
from pexiglass tubing, 1~ Q.D. X 4-1/2". The ends ars ground perpeu-
dicular to the loungitudinal axis and quartz windows (1" diametar X
1/16" chickness) are cemented in place. Gas inlet and ocutlec ports
(also of plexiglass but 1/4° 0.D.) are attached approximately 1/2°
from each end. The c¢s=ll is strapped to a burmer for support and
aligned in the light beam to give the maximum transmittancs.

NOTE 2: Two 2 X 2" cards with ocne inch diameter holes may be

placed over each end of the call to assist in positioning the call -
for maximum transmittance. ;
Alr Pump: Any peristaltic pump capable of delivering l licer or air?
per ainute may be used. A Masterflex pump with electronic speed
control has been found to be satisfacory. (Regulated compressed airl

can be used in an open one-pass system.)

o

Flowmeter: Capable of measuring an air flow of | liter per minute. .
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mechod 245.5 CLP-M (cont.)

e

5.7

5.8

Aeration Tubing: Tygonm tubing is used for passage of the mercury
vapor from the sample bottle to the absorption c2ll and return.
Straight glass tubing terminating in a coarse porous frit {is used
£or sparging air into the sample.

Drying Tube: 6~ X 3/4' diameter tube concaining 20.g of magnesium
perchlorate (see Note 3). The apparatus is assembled as shown in
the accompanying diagram.

NOTE 3: 1In place of the magnesium perchlorate during tube, a small
reading lamp with 60W bulb may be used to prevent coandensation of
molisture inside the call. The lawmp is positioned to shine on the
absotp:iou cell maincaining the air temperature in the cell about
10°C above ambient.

Reagents

6.1
6.2

6.3

6.4

6.5

6.7

6.8

Sulfuric acid, couc.: Reagent grade of low mercury coatent.
Nitric acid, conc.: Reagent grade of low mercury content.

Stannous Sulfate: Add 25 g stanncus sulfate to 250 ml of 0.5 N
sulfuric acid (6.2). This mixture is a suspension and should be
stirred countinuously during use.

Sodium Chloride-Hydroxylamine Sulfate Solution: Dissolve 12 g of
sodium chloride and 12 g of hydroxylamine sulface in distilled water
and diluce co 100 ml.

NOTE 4: A 10Z solution of stamnous chloride may be substituted
for (6.3) and hydroxylamine hydrochloride may be used in place of
hydroxylamine sulfate in (6.4).

Potassium Permanganate: 52 solution, w/v. Dissolve 5 g of potassium
permanganate in 100 ml of distilled water.

Potassium Persulfate: 52 solution, w/v. Dissolve 5 g of potassium
persulface in 100 ml of distilled water.

Stock Mercury Solution: Dissolve 0.1354 g of mercuric chloride in
75 ml of distilled wacer. Add ml of conc. nitric acid and adjusc
the volume to 100.0 ml. 1.0 = 1.0 mg Hg.

Working Mercury Solution: Make successive dilucions of che stcock
mercury soluclon (6.7) co obcain a working standard coancaining O.!
ug/ml. This working scandard and the dilucion of the stock mercury
solutions should-be prepared fresh daily. Acidicy of cthe warking
standard should be maincained at 0.!5Z nicric acid. This acid
should be added to the flask as needed before the addicion of che
aliquoct. .
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Mechod 245.5 CLP-M (conc.)

7 Calibracion

7.1

8. Procedure

.1

‘continucusly. The absorbancs, as exhibited either oun the spectr

Transfer 0, 0.5, 1.0, 5.0 and 10 ml aliquots of the working ‘mera
solutions (6 8) concaining 0 to 1.0 ug of mercury to a seriesf?"
ml BOD bottles. Add enough distilled water to each bottle tpi%: ¢n
total volume of 10 ml. Add S ml of conc. H2SO04 (6.1) and 2.57%;)
conc. HNO3 (6.2) and heat 2 minuctes in a water bath at 95°C.* ”r“
the sample to cool and add SO0 ml discilled wacer, 15 al of KMnAﬁgg
solution (6.5) and 8 ml of potassium persulfate solucion (6.6)H3=
each boctle and raturn to the water bath for 30 minutes. Cooliig
add 6 ml of sodium chloride-hydroxylamine sulface solution (éﬁlf?”'
reduce the excess permanganate. Add 50 ml of distilled waczer.Zgx
Treating each bottle individually, add S ml of stannous sulfatas
solucion (6.3) and immediately attach the bottle to the aerazioa™:
apparatus. At this poiat the sample is allowed Zo stand quie:ly@*
without manual agication. The circulating pump, which has previma¢
been adjusted to a rate of 1 liter per minute, is allowed o run

photometer or the recorder, will increase and reach maximum widﬁnt
30 seconds. As soou as the recorder pen levels off, approximacely
minute, open the bypass valve and continue the aeration until che’
absorbance returns to its minimum value (sae Notce 5). Close the:
bypass valve, remove the frizted tubiag from the BOD boctle and
continue the aeraztion. Procesed with the standards and coastructiy
standard curve by plotting peak height versus micrograms of mercuzy,

NOTE 5: Because of the toxic naturs of mercury vapor precautiomis
must be taken to avoid i{ts inhalation. Therefore, a bypass has ]
tncluded in the system to either vent the mertury vapor inceo am %
exhaust hood or pass the vapor through some absorbing media, suchax

a) equal volumes of 0.1 N Km0, and 102 H,50,
b) 0.252 fodine Lo a 3Z KI solution

A specially treated chirzcocal chat will absorb mercury vapor is also
available from Barmebey and Cheney, E. 8th Aveaue and N. Cassidy
Sreetc, Columbus, Ohio 63219

Weigh a representative 0.2 g portion of wec sample and place in the
boccom of a BOD bottle. Add 5 wL of sulfuric acid (6.1) and 2.5 mL
of concentrated nitric acid (6.2) mixing after each addition. )
two minutes {n a water bath at 95°C. Cool, add 50 ml discilled
water, 15 ol potassium permanganate solution (6.5) and 8 al of
potassium persulfate solucion (6.6) to each sample bottle. Mix 7
thoroughly and place in che water bath for 30 minutes ac 9$5°C. Cbol
and add b ml of sodium chloride-hydroxylamine sulfacte (8.4) co redud
the excess permanganace. Add 55 ml of distcilled water. Treating
each bottle individually, add 5 oL of stannous sulface (6.3) and
immediately attach the bottle to the aeration apparastus. Concinue
as described under (7.1).




8.2

AMechod 245.5 CLP-¥ (cont.)

An alternate digestion procedure employing an autoclave may also be
used. In this method 5 ml of comc. H3S04 and 2 ml of conc. ENO

are added to the 0.2 g of sample. 35 ml of saturaced XnQ, solution
and 8§ ml of potassium persulfate solution are added and the bottle is
covered with a pileca of aluminum foil. The sample is autoclaved at
121°C and 15 lbs. for 15 minuctes. Cool, make up to a volume of 100
ml with discilled water and add § ml of sodium chloride~hydroxylamine
sulfate solution (6.4) to reducs the excass permanganate. Purge the
dead air spacs and continue as described under (7.1).

. Calculations

9.1

9.2

9.3

vapor {
N. Cas#

place}
1) and]
diction
discill
. 8 sl
cle. )
ac 95°
(6.6)
-, =
2 (0.3)
1S . Cot

Measure thé peak height of the unknown from the chart and read the

- mercury value from the standard curve.

Calculate the mercury comncentration in the sample by the formula:

ug Bg in the aliquot
wet of the aliquoc in gms (base4 upon dry wt of the sample)

ug Hg/g =

Report mercury concentrations as follows: Below 0.l ug/gm, 0.10U;

between 0.1 and 1 ug/gm, to the nearesc 0.0l ug; becween l and 10
ug/gm, to nearest 0.l ug; above 10 ug/gm, to nearest ug.

Bishop, J. N., ™ercury in Sediments”, Ountario Water Resources
Coum., Toromto, Cutario, Canada, 1971.

Salma, M., private communication, ZPA Cal/Nev. Basin Office,
Alpeda, California.

“locerim Methods for the Sampling and Analysis of Priority Pollutancs
in Sedirzents and Fish Tissue,” USEPA Eaviroumental Monitoring and

Support Laboratory, Cinecinmaci, Ohio, August 1977, Revised October
1980.

Op. cic. (#3), Mechods 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).



l.

2.

ATTACHMENT 7

®CYANIDE &TOTAL (10 Wacer)

" Method 335.2 CLP—-M* (Ticrimetric; Manual Spectrophotometric;

Semi-Automated Spectrophotometric)

Scope and Application

l.1

1.2

1.4

benzalrhodanine indicator is used for measuring concsncracions of
cyanide exceeding 1 mg/l (0.25 mg/250 ml of absorbing liquid). =¥
(Option A) i%g

+ The manual colorometric procedure is used for concentrations belot

1l mg/l of cyanide and is sensitive to about 0.02 mg/l. (Opcion 3

The working range of the semi-au:oma:ed'spectropho:ome:ric method
is 0.005 to 0.200 mg/l. Bigher level samples must be diluted :o’
fall within the working range. (Optioca C)

Summary of Mezhod

2.1

2.2

2.3

The c¢yanide as hydrocyanic acid (BCN) i3 released from cyanide
complexes by means of a reflux—discillacion operation and absorbed
in a sczubber containing sodium hydroxide solution. The cyanide 1
in the absorbing solution is then de:ermined by volume:ric cizta:icn
or colorimetzrically. i
In the colorimetzric measurement the cyanide 1s convertaed to c¢yanogen
chloride, QICl, by reaction with chloramine-T at a pHE less than 8
without hydrolyzing to the cyanate. After the reaction is complete,
color is formed on the addition of pyridine-pyrazolone or pyridine=-:
barbituric acid reagent. The absorbance is read ac 620 om when
using pyridine-pyrazolone or 578 am for pyridime—barbicturic acid.
To obtain colors of comparable intensicy, it is essencial to have
the same salt coantent in both the sample and the standards.

The titimetric measurement uses a3 standard solucion of silver ni:ra:{
"to titrate cyanide in the presence of a silver sensitive indicator.

*CLP-M Modified for the Contract Laboratoery Program
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_ Method 335.2 €LP-M (cont.)

Je Definitions

3.1

Cyanide is defined as cyanide ion and complex cyanides converted to
hydrocyanic acld (HCN) by reac¢tion in a reflux system of a mineral
acid in the presence of magnesium {on.

4, Sample Bandling and Preservation

bol

4.2

4.4

4.3

All bottles musc be thoroughly cleansed and rinsed to remove soluble
material from containers.

Oxidizing agents such as chlorine decompose most of the cyanides.
Test a drop of the sample with potassium fodide-starch test paper
(KI-starch paper); a blue color indicaces the need for treatment.
Add ascorbic acid, a few cryscals 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.

Samples must be preserved with 2 ml of 10 N sodium hydroxide per
liter of sample (pB> 12) ac the time of collection (see Exhibit F).

Samples should be analyzed as rapidly as possible after collection.
The samples wmust be stored in a refrigerator or in an ice chest
filled with water and i{ce to maintain a :empera:ure of 4° C (see
Exhibiz F).

Se Interferences

S.1

5.2

-
TR

5.3

drte § ANNBEEAY AT N BIE b

Interferences are eliminated or reduced by using the distillacion
procedure described im Procadure 8.1.

Sulfides advarsely affect the c¢olorimetric and titratiom procedures.
If a drop of the discillate on lead acetate test paper indicaces” the
presence of sulfides, 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 soclution does not
darken the lead acetate test paper. Filter the soclutiomn through a

dry filter paper into a dry beakar, and from che filtrace measure

the sample to be used for analysis. Avoild a large excess of cadmium
carbounate and a long contact time in order to minimize a loss by
complexation or occclusion of cyanide on the precipitated material.
Sulfides should be removed prior to preservation with sodium hydroxide
as described in 4.3.

The presence of surfactants may cause the saample to foam during
refluxing. If chis occurs, the addicioun of an agent such as Dow
Corning 544 antifoam agent will prevent the foam from collecting

in the condenser. Fatty acids will discill and form soaps under
alkaline titracion conditions, making the end point almost impossible
to detect. When chis occurs, one of the spectrophotometric mechods
should be used.




Method 335.2 CLP-M (cont.)

6.

7.

Aggara:us

6.1

6.2 Microburec, 5.0 ml (for ticratiom).
6.3 Spectrophotometer suitable for measurements at 378 am or 620 mnf nE
2 1.0 ea cell or larger (for manual spectrophotometric mechod).
6.4 Technical AA II System, (for automated spectrophotomecric me:hodxg
including. &
6. s .1 Sampler. %.
6.4.2 Pump III. %
6.4.3 Cyanide Manifold (Figure 3). %
6.4.4 SCIC Colorimecar with 15 mm flowcells and 570 am filters.P%
6.4.5 Recorder. i
6.4.5 Data Systam (optional). g
6.4.7 Glass or plastic tubes for the sampler. §:~
: %
Reagents %
7.1 Distillacion and Preparation Reag;n:s
7.1.1 . Sodium hydroxide solutiom, 1.25N: Dissolve 30 g of NaOk: iz’
. distilled water, and dilute to 1l litcer with discilled waﬂeq
7.1.2 Cadmium carbonate: powdered.
7.1.3 Ascorbic acid: cryscals.
7.1.4 Sulfuric acid: concentrated
7.1.5 Magnesium chloride solution: Weight 510 g of MgCl,°6H,0
into a 1000 ml flask, dissolved and diluce to 1l licer ui:h
discilled wacer.
7.2 Stock Standards and Ticracion Reagents

Reflux distillation apparatus such as shown in Figure l or Figura? 4
The boiling. flask should be of 1 liter size wich inlet tube and: Sk
provision for condenser. The gas absorber amay be a Fisher-ﬂilligug_
scrubbez.

7.2.1 Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g
in | licer of distilled water. Standardize wich 0.0192 .
AgNO3. :

D -39



yechod 335.2 CLP-

| g fzevisa e

¥ 7.2.2 Standard cyanide solution, incermediate: Diluce 50.0 ml
. of stock (1l ml = 1 mg CN) to 1000 ml with discilled wacer
(1 ol = 50.0 ug).

7.2.3 Standard cyanide solution: Prepare fresh daily by diluting:
100.0 ml of intermediate cyanide solutioa to 1000 al with
distilled water and store in a glass stoppered bottle.

l ml = 5,0 ug &N (5.0 mg/1).

7.2.4 Standard silver nitrate solutiom, 0.0192 N: Prepare by
cerushing approximately 5 g AgNQ3 crystals and drying to
coustant weight ac 40°C. Weight out 3.2647 g of dried
AgNQg, dissolve in distilled wacer, and dilute to 1000 ml
(1l ml = 1 mg CN). '

7.2.5 Rhodanine indicator: Dissolve 20 mg of p—dimethyl-amino-
benzalrhodanine in 100 ml of acetone.

7.2.6 Sodium hydroxide solution, 0.25 N: Dissolve 10 g or NaCH
in distilled water and dilute to 1l liter.

leers) 7.3 Manual Spectrovhotometric Raagents

7.3.1 Sodium dihydrogenphosphate, 1 M: Dissolve 138 g of
: NaHzPoa‘HZO in a liter of discilled water. Refrigerate
{A this solutiomn.

7.3.2 Chloramine-T solution: Dissolve-l.0 g of white, water
soluble chloramine=T in 100 ml of distilled water and
refrigerace until ready to use. Prepare fresh weekly.

o Ve, A

7.3.3 Color Reagent - one of the following may be used:

NaOHy} 7.3.3.1 Pyridine-barbituric acid reageac: Place 1S g of
2d wa barbituric acid in a 250 ml volumetric flask and

: add just enough distilled water to wash the sides
of the flask and wer the barbituric acid. Add 75
ml of pyridine and mix. Add 15 ml of EClL (sp gr
1.19), =mix, and cool to room temperacure. Diluce
to 250 ml wich distilled water and amix. This
reagent 1s scable for approximately six moanths if
stored in a cool, dark place.

'6&20

er wi 7.3.3.2 Pyridine—-pyrazolome solution: s
7.3.3.2.1 3-Methyl-l-phenyl-2-pyrazolin=-5-cae SR
reagent, saturated solucion: Add 0.235 .

g of 3=methyl-l-phenyl-2-pyrazolia=5-one ;

2 - to 50 ml of discilled wacer, heat to 60°C ;
QL wich stirring. Cool to room tamperature. '
i

D~ 60 . ' §3¢



Method 335.2 CLP—M (econct.)

7.4 Semi-Automated Scectrovhotometric Reagencs

7.3.3.2.2 3,3'Dimethyl-l,l’'-diphenyl [4,4"

pyrazolin]=5,5'dione (bispyrazol

. Dissolve 0.01 g of bispyrazaolone
ml of pyridine.

7¢343.2.3 Pour solution (7.3.3.2.1) :hrough,
acid-washed filter paper. Collec:
filerate. Through the same filter
pour solution (7.3.3.2.2) collectinge
the filtrate in the same containeriys®
filrrate from (7.3.3.2.1). Mix unéﬁﬁ;
filtrates are homogeneous. The nixg -

does not affect the color producticni 2
vith ‘cyanide 1if used within 24 hour&{;
prepara:ion. 4

7.4.1

7‘4.2'

7.4.3

7.4.4

8. Procedure

8.1 Distillacion

Chloramine~T solucioca: Dissolve 0.40 g of chloramine—rg 3
discilled wacer and dilute to 100 ml. Prepare fresh daﬂ"

Phosphace buffer: Dissolve 138 g of NaH,PO,*H,0 in dis:.

vater and diluce to 1 liter. Add 0.5 ml of Brij-35 (availak
from Technicon). Score at 4°C.

Pyridine-barbicuric acid solucion: Traansfer 15 g of
barbituric acid into a ! licer volumecric flask. Add about
100 ml of distilled wacer and swirl the flask. Add 74 ol d
pyridine and mix. Add 15 ml of coucencrated HCl and mix.
Diluce to about 900 ml wich discilled water and mix uncil-
the barbituric acid {s dissolved. Diluce to | lizer wi:h
discilled water. Store at 4°C.

ymw

DTS

o By

Sampler wash: Dissolve 10 g of NaOH 1in discilled water an
dilute to | licter.

’

S.l.1

.che | licer boiling flask. A4dd 50 @l of sodium hydroxide %

Place SUO al of sample, or an aliquot diluced to SOU mi §

(7.1.1) to the absorbing tube and diluce {f necessary wi:hr
distilled water to obtain an adequacte depth of liquid in du
absorber. Counect the boiling flask, coadenser, absorber”
and trap in the train.

athenEhy

-y
N

i

\®
1Y
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wechod 335.2 CLP-M (cont.)

8.1.2 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 f£lask through the air inlet tube.

CAUTION: The bubble rate will not remain comstant after

the reagents have been added and while heat is being applied
to the flask. It will be necsssary to readjust the air rate
occasionally to prevent the solution in the boiling flask
from backing up into the air inlet ctube.

8.1.3 Slowly add 25 ml concentrated sulfuric acid (7.l1.4) chrough
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 solutiom (7.1.5) into the
air inlet and wash dowm with a stream of water.

8.1.4 Heat the soluzcion to boiling, taking care to prevent the
solution from backing up into and overflowing from the air
inlet tube. Reflux for ome hour. Turn off heat and continue
the airflow for ac least 15 minutes. Afcer cooling the
boiling £lask, disconnect absorber and close off the vacuum
source.

Belo.S Drain the soluction from the absorber into a 250 al volumecric
flask and bringup to volume with discilled water washings
from the absorber tube.

Ticrimecric Determinacion (Opcion A)

L

3.2.1 If the sample contains more than 1l mg of CN transfer the
discillace, or a suitable aliquotc diluted co 250 ml, to a
500 ml Erlenmeyer flask. Add 10-12 drops of the benzal-
thodanine indicacor. .

8.2.2 Titrace with szandard silver nizrate to the firstc change
in color from yellow to brownish-pink. Titrate a distilled
wvater blank using the same amount of sodium hydroxide and
indicacor as in the sample.

8.2.3 The analyst should familiarize himself wich che end poiant of
the ticration and the amount of indicator to be used before
actually cicracing the samples. A 5 or 10 ml microburet may
be conveniently used to obtain a more precise cicracion.
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Method 335.2 CLP-M (cont.)

8.3 Manual Spectrophotometric Determination (Option B)

8.3.1

8.3.2

transfer to a 100 nl volumetric flask. If less changl;'.
ml i{s takan, dilute to SO ml with 0.25 N sodium hydrg. =
solution (7.2.6). Add 13. 0 ml of sodium phosphata soluui
(7.3.1) and mix. ) i

8.3.1.1 Pyridine-barbituric acid method: Add 2 mla
chloramine=T (7.3.2) and mix. After l to:2%
migutes, add S ml of pyridine-barbituric act
solucion (7.3.3.1) and mix. Diluze £o mark ;
distilled water and mix again. Allow 8 minuts
for color development then read absorbance ac
578 om ina 1 ea cell within 1S minutes.

8.3.1.2 Pyridine-pyrazolone method: Add 0.5 ml of foo
chloramine~T (7.3.2) and mix. After 1 co 2 miny,
add 5 ml of pyridine-pyrazolome solution (7. 3.3&)
and mix. Dilute %o mark with distilled wazer: au
mix again. Afcer 40 minuces, read absorbancs u
620 om in a 1 em cell. ;g
NOTE: More than 0.5 of chloramine-T will preve
the color from developing with pyridine-pyrazo,

Prepare a minimum of 3 standards and a blank by pipeting:
suitable volumes of standard solution incé 250 ml volumetrl
£lasks. NOTE: Cue calibracion standard must be at the G
To each standard add 50 ml of 1.25 N sodium hydroxide and-
diluca to 250 ml with discilled water. Standards musc
bracket the concentration of the samples. If dilucion is
required, use the blank solucion. As an example, s:andard
soluctions could be preparsd as follows: ~
2l of Standard Seluciocnm Conc. ug CN
(1.0 = 5 ug CN) per 250 ml

e L

Blank
0 -5
Q 10
0 2S5
0 ' 50
0 60
0 100

. ~"§§:

8.3.2.1 1t is noc imperacive that all standards be disciﬁ¥
in the same mannmer as the samples. AC least oue‘%
standard (mid range) amust be discilled and comp °
to similar values oa the curve to {nsure that ¢
distillacion technique s reliable. 1If che dis. .4
scandard does aot agree within +15X of the undiscil
standards, che operacor should find and correcc cht
cause of the apparent error before proceeding. ’
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Method 335.2 CLP-M (cont.)

TRy

8.3.2.2 Prepare a standard curve by plotting absorbance of

standard vs. cyanide coancentractions (per 250 ml). ;3

8.4 Semi-Automatad Spectrophotometric Determination (COptioan C) ié
i

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

vm——

St rgad bt B 14

8.4.2 Calibracion standards: Prepare a blank and at least three
calibration standards over the range ‘of the analysis. One
calidbration standard must be at the CRDL. For a working
range of 0—-200 ug/l, the following standards may be used:

ml Standard Solution Concentration
(7.2.3) diluted to 1l liter ug CN/1

il I i

0 0
3.0 25
0.0 50
0.0 100
0.0 . 150
Q.0 200

Add 10 g of NaOB to each standard. Score atc 4°C.

8.4.3 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 1s obtained, and before starting
the sampler, adjust the baseline using the appropriace knob
on the colorimeter. Aspirate a calibratioan standard and
adjust the STD CAL dial on cthe colormeter uncil the desired i
signal 1s obcained. Record the STD CAL value. Re—establish §
the baseline and proceed to analyze calibration standards, §

blanks, control standards, distilled samples, and distilled
QC audics.

9. CALCULATIONS

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

ol
(A - B) 1,000 L 250 oL
CN, mg/l = ol orig. sample X ml of aliquot titrated

WHERE: A = volume of AgNQO3 for citracion of sample (!l oL = | ag Ag)
B = volume of AgNOq for titration of blank (l al = | mg Ag)

And: 250 al = discillate volume (See 8.1.5)
1000 mL = conversion =zl to L
ml original sample (See 3.1.1)
mL of aliquot titraced (See 8.2.1)

H et
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i0.

9.2

9.3

Bibliography

If the colorimecric procedure is used, calculate the cyanide, 1
ug/l, in the original sample as follows: '

nL .
Ax 1,000 L X 30 =L
N, ug/l = B c

WHERE: A = ug CN read from scandard curve (per 250 mlL)
B = ml of original sample for distillacion (See 8.l.1)
C = ml taken for colorimecric analysis (See 3.3.1)

AND: 50 oL = volume of original sample aliquot (See 8.3.1)
1000 mL = conversion mL to L .
L

If the semi-automaced methed is used, measure the peak heights
of the calibracion standards (visually or using a data system) and
calculate a2 linear regression equation. Apply cthe equation to
the samples and QC audits to determine the cyanide coacentraticm
in the distillaces. To decermine the conceatration of cyanide
in the original sample MULTIPLY THE RESULTS BY ONE-HALF (since che’
original volume was 500 ml and the distillace volume was 250 ml).
Also, correct for any dilutions which were made before or after °
distillacion. &

S

l.

2.

3.

Methods for “Chemical Analysis of Wacer and Wastes”, March 1979,
EPA publicationm #600/4~79-02.

“"Operation Manual for Technicon Auto Analyzef I1IC Syscem”™, 1980.
Technical publicacion #TA9-Q460-U0. Technicon Induscrial Sysceas,
Tarrytown, NY, 1059l. )

“Users Guide for the Continuocus Flow Analyzer Automation Syscem”,
EMSL U.S. EPA, Cincinnaci, OH (1981).

"Interim Methods for the Sampling and Analysis of Prioricty Pollu:anﬁ{w
in Sediments and Fish Tissue,” USEPA Eavironmental Moanitoring and i

Support Laboracory, Cincinnaci, Ohio, Augusc 1977, Revised October
1980 .

Op. cic. (#4), Mechods 335.2.
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Figure l. Cyanide distillacion apparatus.
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Method 335.2 (Sed.) CLP-M (cont.)
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Figure 2. Cyanide discillacion apparactus.
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ATTACHMENT 8
CIANIDE, TOTAL (in Sediments)

Method 335.2 CLP-M* (Titrimetric; Manual Spectrophotometric;
Semi-Automated Spectrophotometric)

1. Scope and Avplication

l.1 This method is applicable to the determination of cyanide in
. sediments and other solids.

1.2 The detection limit {s dependent upon the weight of sample
taken for analysis.

2. Summary of Method

2.1 The cyanide as hydrocyanfc acid (HCN) is released from cyanide
complaxes by means of a reflux—distillacion operation and
absorbed in a scrubber countaining sodium hydroxide soclution.
The cyanide lon in the absorbing soclution i3 then determined
by volumetric titration or colorimecrically.

2.2 Ian the colorimetric measurement the cyanide is converted to
cyanogen chloride, QNCl, by reaction with chloramine-T ac a
pH less than 8 without hydrolyzing toc the &yanate. After the
reaction is complete, color is formed on the addition of
pyridine—~pyrazolone or pyridine-barbituric acid reagent. The
absorhince is read at 620 om when using pyridine—pyrazolome B
for 573 om for pyridime-barbituric acid. To obtain colors of &=
couparable intensity, it i3 essential to have the same salt
coutaunt in boch the sample and the standards.

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

3. Definitiocus

3.1 Cyanide is defined as cyanide ion and complex cyanides converted ?;
to hydrocyanic acid (HCN) by reaction in a reflux system of a o
mineral acid in the presence of magnesium ionm.

-
Ll
]

o3
e

*CLP-M Modified for the Contract Laboratory Program
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Sample Handling and Preservacion

4.1 Samples are stored at 4°C. No holding .times have been established.

4.2 Samples are not dried prior to amalysis. A separate 2 solids
determination must be made (see Exhibit D, Attachment 9).

Interferences

S¢1 Interferences are eliminated or reduced by using the dis:illa:ion
procedure described in Procedur= 8.1l.

3.2  Sulfides adversely affect the colorimetric and titration procedures.

53 The presence of surfactants may cause Che sample to foam during
refluxing. If this occurs, the addition of am 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, ome of the spectropho:o-
metric methods should be used. .

Apparatus

6.1 Reflux distillation apparatus such as shown in Figure !l 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—illigan
scrubber.

6.2 Microburet, 5.0 ml (for titration)

6.3 Spectrophotometaer suitable for measurements at 578 am or 620 nm.
with a 1.0 ¢= cell or larger. ~

6.4 Technicoan AA II System (for automaced spectrophotometric method)

including:

6.4,1 Sampler

6.4.2 Pump III

6.46.3 Cyanide Manifold (Figure 3)

6.4.4 SCIC Colorimeter with 15 mm flowcells and 570 am filters
6.4.5 Recorder |

6.4.6 Daca Syscem (optional)

6.4,7 Glass or plascic cubes for the saampler

A ¥ e

¢ msmtempon
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* Method 335.2 (Sed.) CLP-M (cont.)

7. Reagents

7.1 Distillarion and Preparaction Reagents

7.1.1 Sodium hydréxide solution, 1.25N: Dissolve 50 g‘of NaOH
in distcilled water, and dilute to | liter with distilled i3
water. .

7.1.2 Cadmium carbonate: powdered

7.1.3 Ascorbic acid: crysctals

7.1.4 Sulfuric acid: concentrated

7.1.5 Magnesium chloride solutioan: Welgh 510 g of MgCl,*6H,0
inco a 1000 =l flask, dissolve and dilute to l liter 3
wich discilled water. 3

7.2 Seock Standards and Ticracion Reagents

7.2.1 Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g
KO# in | liter of distilled water. Sctandardize with ’ A
0.0192 N AgNQj3. 1

7.2.2 Standard cyanide solution, intermediate: Dilute 50.0 ml
of stock (1l ml = | mg CN) to 1000 ml wi:h distilled water
(l 21 = 50.0 ug).

7.2.3 Scandard cyanide solutioni Prepare fresh daily by diluting
100.0 =l of intermediate cyanide solution to L0000 al wich
discilled water and store in a glass stoppered bottle.
l1ml = 5.0 ug CN (5.0 mg/1).

7.2.4 Standard silver anitrate solution, 0.0192 N: Prapare by
crushing approximately 5 g AgNOj3 crystals and dryiag co
constant weight at 40°C. Weigh out 3.2647 g of dried
AgNQO3, dissolve in distilled water, and dilu:e to 1000
al (l.ml = 1 ag CN).

7.2.5 Rhodanine indicator: Dissolve 20 mg of p~dimethyl-amino-
benzalrhodanine ian lU0 ml acecone.
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7.3 Manual Spectrophotomecric Reagents

3 . _

7.3.1" Sodium dihydrogenphosphate, 1 M: Dissolve 133 g of
Na,PQ, * HyO in 1l liter of distilled water. Refrigerace
this solution.

7.3¢2 Chloramine~-T solution: Dissolve 1.0 g of white, water
soluble Chloramine=T in 100 ml of distilled water and
refrigerate until rsady to use. Prepare fresh weekly.

7.3.3 Color reagent = Oue of the following may be usad:

7.3.3.1 Pyridine-barbituric acid reagent: Place 15 g of
barbituric acid in a 250 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 pyridine and mix. Add 15 ml of BCl (sp gr
1l.19), mix, and cool to room temperature. Diluce
to 250 ml wich distilled water and mix. This
Teagent 1s 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-Mechyl-l-phenyl-2-pyrazolin-S—one
reagent, saturated soluciomn: Add 0.25
g pf 3-mechyl-l-phenyl-2-pyrazolin-5-one
to SO0 ml of distilled water, heat to
60°C with scirring. Cool to room
temperature. . .

7.3.3+.2.2 3,3'Dimechyl-l,l'—diphenyl-{4,4'~bi~
2-pyrazolin]-5,5'dione (bispyrazolome):
Dissolve 0.0l g of bispyrazolome in 10
ml of pyridine.

7.3.3.2.3 Pour solution (7.3.3.2.1) through non-
acid=washed filter paper. Collect the
filcrate. Through the same filcer paper
pour solution (7.3.3.2.2) collecting the
filcrate in the same container as f£il-
trate from (7.3.3.2.1). Mix uantil the
filtrates are homogeneocus. The mixed
reagent develops a piank color but this
does not affect the color production
with cyanide 1if used within 24 hours of

SRR N e T

saen bR

preparation.
.
s
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Method 335.2 (Sed.) CLP-M (comt.)

7.4 Semi-Automated Spectrophotometric Raagents

7.he1

7;&.2

7.4.3

7.4.4

8. Procedure

8.1 Distillacion

Chaloramine~T solution: Dissolve 0.40 g of chloramine=T
distilled water and dilute to 100 ml. Prepare fresh da{ly

Phosphate Buffer: Dissolve 138 g of NaH,PO, * H,0 in
distilled water and dilute to'l licer. Add 0.5 ml of
Brij=35 (available from Techamicon). Store at 4°C.

Pyridine-barbituric acid soluticu: Transfer 15 g of barhi:
turic acid into a | liter volumecric flask. Add about !0Q:
ml of distilled water and swirl the flask. Add 74 ml of %
pyridine and mix. Add 15 ml of come. ECl mix until the
barbituric acid is dissolved. Dilute to 1 liter with
distilled water. Store at 4°C.

Sampler Wash: Dissolve 10 g of NaOE in distilled water
diluce to-l liter.

8.1.1

8.1.2

8.1.3

8.1.4

e
e

Accurately weigh a represen:a:iie 1-5 g portion of wet sampi
and transfer 1t to a boiling flask. Add 500 ml of discilled
water. Shake or stir the sample so that it is disgpersed.

Add 50 ml of sodium hydroxide (7.1.1) to the absorbing tube®
and dilucte if necessary with discilled water to obtain an
adequate depth of liquid in the absorber. Connect the
boiling flask, coundenser, absorber, and trap in the train.

Start a slow stream of ailr eacering the boiling flask by
adjustcing the vacuum source. Adjust the vacuum so zhat
approximately one bubble of air per second enters the
boiling flask through the air inlet tube.

CAUTION: The bubble rate will not remain constant afcer the.
reagents have been added and while heat s being applied to':
the f£lask. It will be necessary to readjust the air rate 3
occasionally to prevent the sclutiom in the boiling flask &
from backing up inco the air inlet Cube. “

Slowly add 25 ml of comc. sulfuric acid (7.l1.4) chrough the
air inlet tube. Rinse the tube with discilled water and

allow the airflow to mix the flask contents for 3 minutes. =
Pour 20 ml of magnesium chloride solution (7.l.5) {nco che "
air inlet and wash down with a stream of wacer. 5
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8.2

8.3

8.1.5 Heat the solution to boiling, taking care to pravent the
solution from backing up into the overflowing from the
air inlet tube. Reflux for oume hour. Turn off heat and
conctinue the airflow for at least 15 minutes. After
cooling the boiling f£lask, disconect absorber and close
off the vacuum source.

8+.1.6 Drain the solution from the absorber into a2 250 ml volu-
metric flask and bring up to volume with distilled water
washings from the absorber tube.

Titrimecric Decerminatioa (Qveciom A)

8.2.1 If the sample contains more than 1l mg of CN transfer the
disctillate, or a suitable aliquot diluted to 250 ml, to
a2 500 ml Erlenmeyer flask. Add 10-12 drops of the
beanzalrhodanine indicator.

8.2.2 Titcrate with standard silver nitrace to the first change in
color from yellow to brownigsh-pink. Titrate a distilled
water blank using the same amount of sodium hydroxide and
indicagor as in che sample. )

8.2.3 The analyst should familiarize himself wich the end point of
the ctitrazion and the amount of indicator to be used before
actually titrating the samples. A 5 or 10 ml microburat may
be conveniently used to obtain a more precise titratiom.

Manual Spectrochotometric Determination (Optiom B)

-

8.3.1 Wichdraw 50 ml or less of che solutioca from the flask and
transfer to a 100 ol volumecric £laak. If less than 50 ml is
taken, diluce 2o 50 ml with Q.25 ¥ sodium hydroxide solucion
(7.2.68). Add 15.0 of sodium phosphate solutiom (7.3.2) and
mix. ’

8.3.l.1 Pyridine-bdbarbicturic acid method: Add 2 al of
Chloramine~T (7.3.2) and mix. Afcer | to 2
minutes, add 5 ml of pyridine—barbicuric acid
soluction (7.3.3.1) and mix. Diluze co mark wich
distilled vater and mix agains. allow 8 minuces
for color developmenc then read absorbance ac
578 am iz a 1| e cell wichin 15 amfinutes.

8.3.1.2 Pyridine-pyrazolone mechod: Add 0.5 ml of
chloramine=T (7.3.2) and mix. After | to 2 minutes
add 5 ml of pyridine-pyrazolone solucion (7.3.3.2)
and mix. Dilute to mark with discilled wazer and
mix again. After 40 ainuces read absorbance atc 620
am in a | ca cell.
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NOTE: More than 0.5 ml of chloramine-T vill«p:,!¥
the color from developing with pyridine-pyrazolo,ut

8.3.2

volumetric flasks. Oune calibration standard must be mﬁdg’;?
at the CRDL. To each standard add 50 ml of 1.25 N sodiun,7¢
hydroxide and dilute to 250 ml with distilled water. 7
Standards must bracket the concentratiouns of the sample
If d1lucion'is required, use the blank solution. As an
example, standard solutioans could be prepared as follow

ml of Standard Solution Conc. ug CN
(1.0 = 5 ug CN) per 250 ml

Blank
5
10
25
50
60
100

0
l
2
3
Q
5
0

OO0000O0

N e

8.3.2.1 It is not imperative that all scandards be dis-
tilled in the same manner as the samples. Ac %
least one standard (mid range) must be discilled
and compared to similar values on the curve o
ingure that the distillation technique is reliable.
If cthe distilled standard does not agree within
*15% of the undistilled standards the operator
should find and correct the cause of the apparent
error befora procseding.

8.3.2.2 Prapare a standard curve by plotcing absorbance of
standard vs. cyanide comcentrations (per 250 al)

8.4 Semi~Automated Spectrophatomecric Determindcion (Option C)

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

8.4.2 Calibration standards: Prepare a blank and at least chree
calibracion standards over the range of the analysis. One
calidbration standard must be at the CRDL. For a working
range of 0-200 ug/l, the following standards may be used:
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ml Standard Solution Concentration
(7.2.3) diluted to. 1l liter ug CN/1
0 0
5.0 25
10.0 50
20.0 100
30.0 150
40.0 200

Add 10 g of NaOH to each standard. Store at 4°C.

8.4.3 Place calibdbracion standards, blanks, and control standards

in the sampler tray, followed by distilled samples,
distilled duplicates, distilled standards, distilled spikes,
and discilled blanks.

‘8.4.4 When a steady reagent baseline is obtained, and before

starting the sampler, adjust the baseline using the approp-—
riate knob ou the colorimecer. Aspirate a calibration
standard and adjust the STD CAL dial om the colorimeter
until the desired signmal is obcained. Record the STD CAL
value. Reestablish the baseline and procezed to analyze
‘calibracion standards, blanks, control standards, distilled
samples, and distilled QC audics.

9. Calculations

9.1

9.2

A separate determination of X solids musz be performed (see Exhibit
D, Attachment 9).

The concencration of cyanide in the sample 13 decermined as follows.

9.2.1 (Titcraciom)
(A -3B8)=x 250 alL x 1000 g/kg
ml. aliquoc titraced

N, mg/kg =

R VA ST AR Rt 2 R e St b L

P
el

At e et hy Pl b
oSy iEthbAchup] {1 1 A7

PIRR

Cx X solids
100

WHERE: A = ml of AgNO3 for titratiomn of sample (1l al = | mg Ag)
B = ml of AgNO3 for titracion of blank (1l al = 1 mg Ag)
C = wet weight of original sample in g (See 8.1l.1)

AND: 250 oL = volume of discillate (See 8.1.6)
1000 g/kg = couversion factor g to kg
ml aliquoc ctitrated (See 8.2.1)
Z solids (See attachment 9) .
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9.2.2 (Manual Spectrophotomectric)
50 mlL
N, mg/kg = _AX B
- C x 2 solids
100

Where: A = ug CN read from standard curve (per 250 mL)%

B = ml of distillate taken for colorimetric &
determination (8.3.1)

C = wet weight of original sample in g (See 8.

And: 50 al = volume of standard taken for colorme:rid
determination (See 8.3.1) ;
X solids (See attachment 9)

E)

14

9.2.3 (Semi~Automated Spectrophotometzric)
If the semi-automated method is used, measure the peak
heights of the calibraticn standards (visually or using a:
data system) and calculate a linear regression equation.
Apply che equation to the samples and QC gudits to
deczermine the cyanide coucentration in the distillates.

QN,mg/kg = C x Z solids o
100

Where: A = ug/L determined from standard curve
C = wet weight of original sample in g
(See 8.1.1)

And: .25 = conversion factor for distillace final
volume (See 8.1.6)
X solids (See attachment 9)

l.

2.

Modification of Method 335.2: Cyanide, Total

Methods for "Chemical Analysis of Water and Wastes™, March 1979. EPA
Publication #600/4-79-02. '

“Operation Manual for Technicon Auto Analyzer IIC System™, 1980.
Technical publication #TA9-0460-00. Technicon Industrial Syscams,
Tarryctown, NY, 10591.

“Users Guide for the Continuous Flow Analyzer Automation Syscem”, .SL; _
U.S. EPA, Cincinmaci, Ohio (1981). i

"Interim Methods for the Sampling and Analysis of Prioricy Pollucanes i
Sediments and Fish Tissue,” USEPA Eaviroamental Moaitoring and Suppeort s

-
f.‘.

Laboratory, Cincinnaci, Ohio, August 1977, Revised October 1980.

Op. cic. (#5), Methods 335.2, modified (by coamicZee).
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FLUORIDE, TOTAL
Method 340.1 (Colorimetric, SPADNS with Bellack Distillation:

STORET NO. Total 00951
Dissolved 00950

l.  Scope and Application :

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. Abparatus

4.1 Distillation apparatus: A l-liter round-bottom, long-necked pyrex boiling flask,
connecting tube, efficient condenser, thermometer adapter and thermometer reading to
200°C. All connections should be ground glass. Any apparatus equivalent to that shown
in Figure | 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 | ¢m.

4.2.2 Filter photometer equipped with a greenish yellow filter having maximum
transmittance at 550 to 580 nm and a light path of at least 1 cm.
5. Reagents
5.1 Sulfuric acid, H,SO,, conc.

Approved for NPDES and SDWA
Issued 1971
Editonal revision 1974 and 1978
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5.2
5.3

5.4

5.5

5.6

5.7

5.8

5.9

Silver sulfate, Ag,SO, crystals.

Stock fluoride solution: Dissolve 0.221 g anhydrous sodium fluoride. NaF. in distilled
water in a l-liter volumetric flask and dilute to the mark with distilled water; .00 ml =
0.1lmgF.

Standard fluoride solution: Place 100 ml stock fluoride solution (5.3) in a | liter
volumetric flask and dilute to the mark with distilled water; 1.00 mi = 0.010 mg F.
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.

Zirconyl-acid reagent: Dissolve 0.133 g zirconyl chloride octahydrate, ZrOCl,8H,O in
approximately 25 ml distilled water in a 500 mi volumetric flask. Add 350 mi conc HCI
and dilute to the mark with distilled water.

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.

Reference solution: Add 10 ml SPADNS solution (5.5) to 100 mli distilled water. Dilute 7
ml conc HC! 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 indefimtely.
Sodium arsenite solution: Dissolve 5.0 g NaAsO, in distilled water in a 1-liter volumetric
flask and dilute to the mark with distilled water (CAUTION: Toxic-avoid ingestion).

Procedure

6.1

6.2

Preliminary distillation

6.1.1 Place 400 ml distilled water in the distilling flask.

6.1.2 Carefully add 200 ml conc. H,SO, 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 reaches exactly
180°C. Discard the distillate. This process removes fluoride contamination and
adjusts the acid-water ratio for subsequent distillations. '

6.1.5 Cool to 120°C or below.

6.1.6 Add 300 ml sample, mix thoroughly, distill as in 6.1.4 until temperature reaches
180°C. Do not heat above 180°C to prevent sulfate carryover.

6.1.7 Add Ag,SO, (5.2) at a rate of S 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 distiiling standard fluoride samples.

6.1.9 High fluoride samples may require that the still be flushed by usmg distilled water
and combining distillates.

Colorimetric Determination:

6.2.1 Prepare fluoride standards in the range 0 to 1.40 mg/l by diluting appropniate
quantities of standard fluoride solution (5.4) to S0 ml with distiiled 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 versus concentration. Prepare a new standard curve whenever
fresh reagent is made.

6.2.5 If residual chlorine is present pretreat the sample with 1 drop (0.05 mi) NaAsO,
solution (5.9) per 0.1 mg residual chlorine and mix. Sodium arsenite
concentrations of 1300 mg/1 produce an error of 0.1 mg/1 at 1.0mg/1 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.

Calculations
7.1 Read the concentration in the 50 ml sample using the standard curve (6.2.4)
7.2 Calculate as follows:
_ mgF x 1,000
mg/l F = ml sample
7.3 When a sample (ml sample) is diluted to a volume (B) and then a portion (C) is analyzed.

use:

mgF x 1,000 B

me/IF = rsample X T

Precision and Accuracy

8.1

8.2

8.3

On a sampile containing 0.83 mg/1 F with no interferences, 53 analysts using the Bellack
distillation and the SPADNS reagent obtained a mean of 0.81 mg/1 F with a standard
deviation of +0.089 mg/1.

On a sample containing 0.57 mg/1 F (with 200 mg/1 SO, and 10 mg/1 Al as
interferences) 53 analysts using the Bellack distillation obtained a mean of 0.60 mg/|F
with a standard deviation of +0.103 mg/1.

On a sample containing 0.68 mg/1 F (with 200 mg/1 SO,, 2 mg/1 Al and 2.5 mg/|
[Na(PO,),] as interferences), 53 analysts using the Bellack distillation obtained a mean of
0.72 mg/1 F with a standard deviation of +0.092 mg/1. (Analytical Reference Service.
Sample 111-B water, Fluoride, August, 1961.)

Bibliography

Standard Methods for the Examination of Water and Wastewater, p. 389-390 {Method No.
414A, Preliminary Distillation Step) and p. 393-394 (Method 414C SPADNS) 14th Edition,
(1975). :

Annual Book of ASTM Standards, Part 31, "Water™, Standard D 1179-72, Method A, p. 310
(1976).
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FLUORIDE
Method 340.2 (Potentiometric, Ion Selective Electrode)

STORET NO: Total 00951
Dissolved 00950

l.  Scope and Application
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 mg/liter may be measured.
1.3 For Total or Total Dissolved Fluoride, the Bellack distillation is required for NPDES
monitoring but is not required for SDW 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, CI(0.3),
F(0.001) 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'' and Al'’ 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 buffer
(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 lon Activity Electrode, such as Orion No. 94-09'".
5.3 Reference electrode, single junction, sleeve-type, such as Orion No. 90-01, Beckman No.
40454, or Corning No. 476010.
5.4 Magnetic Mixer, Teflon-coated stirring bar.

Approved for NPDES and SDWA
Issued 1971
Editorial revision 1974
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6. Reagents

6.1

6.2

6.3

6.4

Buffer solution, pH 5.0-5.5: To approximately 500 ml of distilled waterin a | liter beaker
add 57 ml of glacial acetic acid, 58 g of sodium chloride and 4 g of CDTA . Stir 1o
dissolve and cool to room 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 | 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.

Sodium fluoride, stock solution: 1.0 mi = 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,

Sodium fluoride, standard solution: 1.0 ml = 0.01 mg F. Dilute 100.0 ml of sodium
fluoride stock solution (6.2) to 1000 mi with distilled water.

Sodium hydroxide, SN: Dissolve 200 g sodium hydroxide in distilled water, cool and
dilute to 1 liter. ' '

7. Calibration

7.1

72

Prepare a series of standards using the fluoride standard solution (6.3) in the range of 0 to
2.00 mg/1 by diluting appropriate volumes to 50.0 ml. The following series may be used:

Millimeters of Standard : Concentration when Diluted
(1.0 ml = 0.0! mg/F) to 50 mi, mg F/liter

0.00 0.00

1.00 0.20

2.00 0.40

3.00 0.60

4.00 0.80

5.00 1.00

6.00 1.20

8.00 1.60

10.00 2.00

Calibration of Electrometer: Proceed as described in (8.1). Using semilogarithmic graph
paper, plot the concentration of fluoride in mg/liter 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 mg/liter 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 curve. If a
selective ion meter is used, read the fluoride level in the unknown sample directly 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 | N HCl to adjust pH to 3.3.

Precision and Accuracy

9.1

9.2

A synthetic sample prepared by the Analytical Reference Service, PHS, containing 0.85
mg/1 fluoride and no interferences was analyzed by 111 analysts; a mean of 0.84 mg/1
with a standard deviation of +0.03 was obtained.

On the same study, a synthetic sample containing 0.75 mg/!1 fluoride, 2.5 mg/1
polyphosphate and 300 mg/1 alkalinity, was analyzed by the same 111 analysts; a mean
of 0.75 mg/1 fluoride with a standard deviation of £0.036 was obtained.

Bibliography

Patent No. 3,431,182 (March 4, 1969).

CDTA is the abbreviated designation of 1,2-cyclohexylene dinitrilo tetraacetic acid. ('The
monohydrate form may also be used.) Eastman Kodak 13411, Mallinckrode 2357, Sigma D
1383, Tridom-Fluka 32869-32870 or equivalent. '

Standard Methods for the Examination of Water and Wastewaters, p 389, Method No. 414A,
Preliminary Distillation Step (Bellack), and p 391, Method No. 414B, Electrode Method. 14th
Edition (1975).

Annual Book of ASTM Standards, Part 31, “Water”, Standard D1179-72, Method B, p 312
(1976).
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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 Mecthods Committee, 1985,

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 fluor-

ide and a zrconium-dye lake. Fluoride 3
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

fluoride increases, the color produced be-
comes progressively lighter-or 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
distillation. - .

1. Selection of Method

The alizarin visual method (D) requum
only inexpensive glassware, and because
color comparisons are made visually, no ’
instrument is required. The 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 | 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 twa points can define
accurately. the,posmon of the line.
Permanent “colored standards, commer-
cially or othcrwxse prcpared, may'be used
only in noncnucal' situations if appropriate

- precautions are taken. These include strict

adherence to the manufacturer’s directions

and careful ealibratzon of the permanent

standards against standards prepared by

the analyst.® (See” Gcneral Introducnon,
i )=

The elééuéde”:fnethod (Mcthod B) is
suitable” for ﬂuondc concentrations from
0.1 to more: than*10 mg/L. Adding the
prescribed buﬂ'er frees the electrode
method from most interferences that ad-
versely affect the colorimetric methods and
necessitate prehmmary distillation. Some
substances in industrial wastes, such as
fluoborates, may be suﬂicxcntly concen-
trated to present problems in ‘electrode
measurements: Fluoride measurements can
be made with a specific ion electrode and
cither an- expanded-scale pH meter or a
specific ion meter, usually without distil-
lation, in the time necessary for electrode
equilibration.

Fluoride 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:] lists common interferences. Because
these are neither linear in effect nor alge-
braicaily additive, mathematical compen-
sation is impossible. Whenever any one
substance is present in 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.

!

%

R

Method B Method C : * (Alizarin ;-
Substance (Electrode) (SPADNS) HEN Visual) o
Conc Type of Conc Type of - Conc " Type of
mg/L Error mg/L Error mg/L - ,!;A._ Error
Alkalinity e
(CaCO,) 7000 + 5000 - 400 -
Aluminum (Al’*) ‘ 0 - 0.1 - 0.25 -
Chloride (C17) 20 000 7 000 + 2000 -
Chlorine 5 000 Remove completely with
arsenite :
Color & turbidity Remove or compensate for oo
Iron 200 - 10 - 2 +
Hexametaphosphate
([NaPO,],) 50 000 1.0 + 1.0 S+
Phosphate ' ol
(PO.") - 50 000 16 + 5 . +
Sulfate
(S027) 50 000 - 200 - 300 o+
*On immediate reading. Tolerance increases with time: after 2 h, 3.0; after 4 h, 30. |
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FLUCRIDE

stances to the standards may be used to
compensate for the interference effect. If
alkalinity is the only significant interfer-
ence, neutralize it with either-hydrochloric
or nitric acid.

Chlorine interferes in both colorunctnc
methods and provision for its removal is
made. _ -

Volumetric measurement of sample and
reagent is extremely important to analyti-
cal accuracy. Use samples and standards
at the same temperature or at least within
2°C. Maintain constant temperature
throughout the color development period.
For the SPADNS method, different cali-

413 A Prellmmary 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
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bration curves may be prepared for differ-
ent temperature ranges.

~ 3. Sampling and Storage

Preferably use polyethylene bottles for -
collecting and storing samples for fluoride
analysis. Glass bottles are satisfactory if
previously they have not contained high=
fluoride solutions. Always rinse bottle with
a portion of sample.  _

Never use an excess of dechlorinating

agent. Dechlorinate with sodium arsenite ~

rather than sodium thiosulfate because the
latter may produce turbidity that causes
erroneous colorimetric readings.

out properly. The on‘ly common_volatile
constituent likely to cause interference with
colorimetric analysis of the distillate 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 2
I-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-

B
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" ulator and necessary circuitry for the ther-
~mometer is acceptable and provides some
automation. A , .
Alternative types of distillation- appara-
tus may be used. Carefully evaluate any
apparatus for fluoride recovery and sulfate
carryover. The critical points are obstruc-
tions in.the vapor path and ‘trapping of
liquid in th€ 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: spiral.tube, is ideal.
Avoid using Graham-type--condensers:)
Avoid using an open flame 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.
CAUTION: 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.

‘Connecting Tube
12-mm 10

VeLower
Boilmg Flask

Quartz Mantie

00-m¢
Volumetnc
Flasx

Figure 413:1, Direct distillation apparatus for
fluoride.

INORGANIC NONMETALS (400)

¢ Magnetic stirrer, with TFE-coated stir-
ring bar. LT
d. Soft gIass beads., :

3. Reagents :

a. Sulfuric acid, H,S0,, conc, reagent
grade.

“b. Silver :ulfate, Ag,SO,, crystals, re-
agent grade.

4 Procedure

PP ,—-—...

_a. Place400delsnlledwatcrmthc
dlsullmg flask and, with the magnetic stir-

- rer operating, carefully add 200 mL conc

H,SO,. 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 ﬁask con-
tents reach 180°C (because of heat retention
by the mantle, it is necessary to discontinue
heating when the temperature reaches
178°C 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 { 44, 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.

¢. Add Ag,SO,.to the distilling flask at
the rate of 5 mg/mg C1~ when the chloride
concentration is high enough to interfere.

d. Use H,SO, 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 fluoride samples
and analyzing for both fluoride and sulfate.
After distilling samples containing more
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than 3 mg F~/L, flush still with 300 mL
distilled water and combine the two fluo-
ride distillates. If 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-

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 one face
and an internal reference solution at the
other. The cell may be represented by:

Ag|AgCL C17(0.3M), F~(0.001M) |LaF,| test

solution|reference electrode

The fluoride electrode can be used with a
standard calomel reference electrode and
almost any modern 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,
CDTA (cyclohexylenediaminetetraacetic
acid), a component of the buffer, prefer-
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tillation. After periods of i;lactivity, simi-
larly fiush still and discard distillate.

5. Interpretation of Results

The recovery of Tluoride is quantitative
within .the accuracy of the methods used
for its_measurement..

- _ - 413 B. Electrode Method

entially will complex interfering cations
and release free fluoride ions. Concentra-
tions of aluminum, the most common in-
terference, up to 3.0 mg/L can be
_complexed preferentially. In acid solution,
F~ forms a poorly ionized HF-HF com- .
plex but the buffer-maintains a pH above
S to minimize hydrogen fluoride complex

formation. In alkaline solution hydroxide -

ion also can interfere with electrode re- -
sponse to fluoride ion whenever the hy-
droxide ion concentration is greater than
one-tenth the concentration of fluoride 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 fluo-
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 fluoborate with a
ﬂuoboratc-sclectivc 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.

¢. Fluoride electrode.

1
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- d Magnetic stirrer. with TFE-coated

stirring bar.
e. Timer. -

3. Reagents

" @ Stock fluoride solution: Dissolve 221.0
mg anhydrous sodium fluoride,- NaF, in

" distilled water and dilute to 1000 mL; 1.00

mL = 100 ug F~. _
b. Standard fluoride solution: Dilute 100

‘mL stock fluoride solution to 1000 mL with
distilled water; 1.00 mL = 10.0 ug F~.

¢ Fluoride buffer: Place approximately
500 mL distilled water in a 1-L beaker and
add 57 mL glacial acetic acid, 58 g NaCl,
and 40 g 12 cyclohexylenediamine-
tetraacetic acid (CDTA).* Stir to dissolve.
Place beaker in a cool water bath and add
-slowly 6N NaOH (about 125 mL) with stir-
ring, until pH is between 5.3 and §5.5.
Transfer to a 1-L volumnetric flask and add
distilled water to 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 2.0 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 cyclohexylenedinitrilotetraacetic acid. -
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standards are equivalent to 0.5, 1.0, and
2.0 mg F~/L.
¢ 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-
ature, preferably room temperature.

d. Measurement with electrode: Immerse
clectrodes. in the 0.5 mg F~/L standard
and measure developed potential while stir-
ring on a magnetic stirrer. Avoid stirring
before immersing clectrodes 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
two-cycle 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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FLUORIDE / SPADNS Method

substituted for the calibration method de-
scribed. Follow the directions of the in-
strument manufacturer.

Selective-ion meters may necessitate us-
ing a slightly altered procedure, such as
preparing 1.00 and 10.0 mg F~/L stand-
ards or some other concentration. Follow
the manufacturer’s directions. Commercial
standards, often already diluted with
buffer, frequently are supplied with the me-
ter. Verify the stated fluoride concentration
of these standards by comparing them with
standards prepared by the analyst.

5. Calculation

mg F~/L = pe F-

mL sample

6. Precision and Accuracy
A synthetic sample containing 0.850 mg

- —359

" F-/L in distilled water was analyzed in

111 laboratories by the electrode method,
with a relative standard deviation of 3.6%
and a relative error of 0.7%.

A second synthetic. sample containing
0.750 mg F~/L, 2.5 mg (NaPO,),/L, and
306 mg alkalinity/L added as NaHCO,,
was analyzed in 111 laboratories by the
electrode method, with a relative standard
deviation of 4.8% and a relative error of
0.2%.

A _third synthctiC' "sam;;lc containing
0.900 mg F~/L, 0.500'mg Al/L, and 200.

mg SO~ /L was analyzed in 13 labora-

tories by the electrode method, with a rel-

ative standard deviation 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 cm.

b. Filter photometer, providing a light

path of at least 1 cm 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.

¢. Zirconyl-acid reagent: Dissolve 133 mg
zirconyl chloride octahydrate, ZrOCl,-
8H,0, in about 25 mL distilled water. Add

=
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350 mL conc HCI and dilute to 500 mL
with distilled water. ’

d. Acid zirconyl-SPADNS reagent: Mix
equal volumes of SPADNS 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 conc HCl to 10 mL

- -and add to the diluted SPADNS solution.

The resulting solution, used for setting the
instrument reference point (zero), is stable
for at least | year. Alternatively, use a pre-
pared standard of 0 nig F~/L as a refer-
cnca ) - A

f- Sodium arsenite solution: Dissolve 5.0
g NaAsOQ, and dilute to 1 L with distilled

“water. (CAUTION: Toxic—avoid ingestion.)

. 4. Procedure

a. Preparation of standard curve: Prepare
fluoride standards in the range of 0 to 1.40
mg F~/L by diluting appropriate quantities
of standard fluoride solution to 50 mL with
distilled water. Pipet 5.00 mL each of
SPADNS 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
mailligrams fluoride-absorbance relation-
ship. Prepare a new standard curve when-
ever a fresh reagent is made or a different
standard temperature is desired. As an al-
ternative to using a reference, set photom-
eter at some convenient point (0.300 or
0.500 absorbance) with the prepared 0 mg
F~/L standard.

b. Sample pretreatment: If the sample
contains residual chlorine, remove it by
adding 1 drop (0.05 mL) NaAsO, 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 F~/
L)

¢. Color development: Use a 50.0-mL

INORGANIC NONMETALS. (400)

sample or a portion diluted to 50 mL with
distilled water. Adjust sample temperature
to that used for the standard curve. Add
5.00 mL each of SPADNS solution and
zirconyl-acid reagent, or.10.00 ml acid-
zirconyl-SPADNS- reagent; mix well and
read absorbance, first setting the reference
point of the photometer as above. If the
absorbance falls beyond the range of the
standard curve, repeat using a diluted sam-
ple. - -

5. Calculation

o A B
mg‘F /L —.—.—p.l: x_-.c__
where:

A=ng‘detcrmiﬁedfmmplonedcurve.

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 F~ /L, standard
is used to set the photometer, alternatively
calculate fluoride concentration as follows:

A, — A,
mg F-/L—m
where: ,
A, = absorbance of the prepared 0 mg
F~/L standard,
A, = absorbance of a prepared 1.0 mg
F~ /L standard, and

. = absorbance of the prepared sample.

6. Precision and Accuracy

A synthetic sample containing 0.830 mg
F~/L and no interference in distilled water
was analyzed in 53 laboratories by the
SPADNS 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
F~/L, 10 mg Al/L, 200 mg SO.*~/L, and

o
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FLUORIDE / Alizasin Visual Method

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%.

413 D. Aliza;in Visual Method

1. Apparatus

Color comparison equipment: One of the
following is required:

a. Nessler tubes, matched, 100-mL, tall
form.
b. Comparator, visual.

2. Reagents -

a. Standard fluoride solution: Prepare as
directed in Section 413B.35; 1.00 mL =

10.0 ug F~.
b. Zirconyl-alizarin reagent: Dissolve 300
mg zirconyl chloride octahydrate,

ZrOCl,-8H,0, in 50 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 50 mL distilled water and pour
slowly into the zirconyl solution while stir-
ring. The resulting solution clears on stand-
ing for a few minutes.

¢ Mixed acid solution: Dilute 101 mL
conc HCl to approximately 400 mL with
distilled water. Add carefully 33.3 mL conc
H,SO, 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

- 381

A synthetic sample containing 0.680 mg
F~/L, 2 mg Al/L, 2.5 mg (NaPO,),/L, 200
mg SO,>~/L, and 300 mg total alkalinity/
L was analyzed in 53 laboratories by direct
distillation and SPADNS methods with a
relative standard deviation of 2.8% and a -
relative error of 5.9%. -

o e A e

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 1 drop (0.05 mL) of arsenite/0.] 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 100 mL in nessler tubes. Choose
standards so that there is at least one with
lower and one with higher fluoride con-
centration than that of sample. The interval
between standards determines accuracy of
the determination. An interval of 0.050 mg
F~/L usually is sufficient.

¢ 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, 2
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 | h % 5 min.

M 2
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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)
e 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).

e Laboratory Quality Control Sample Analysis
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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 g/ml is used as a daily check. 1If 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/l - 0.02 mg/1.

The measurement of Mn BEC can be done manually or by
utilizing the diagnostics software provided by Perkin-Elmer.

l. Perform the following procedure for measurement of BEC
utilizing the diagnostics software:

a. Prepare 1 g/ml Mn solution.

b. Turn on the Data Station.

c. Insert diagnostics disk in drive 0.
d. Enter time and date on Data Station.

e. Type in BEC on the Data Station keyboard and
depress RETURN.

f. Follow prompts on Data Station screen.
g. Use 1 integration time.

h. Depress RETURN when Turn Lamp On command is on
screen.

i. Depress S for slew offline for background reading.

2. By manual measurement, follow procedures listed below
to determine the BEC of manganese:

a. Using the keyboard controls of the Model 5500 set
the following: 1integration time = .2 seconds,
continuous signals, emission mode, slit = .02 low,
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PMT gain = 600, monochrometer scan rate = 1.0
nm/min.

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.

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.

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.

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/l 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.

Aspirate deionized water for 1 minute. Record
the reading.

Calculate the system sensitivity (BEC-background
equivalent conc.)

A = Reading for 1 mg/L Mn
B = Blank reading
A-B = Net standard reading
C = concentration

= 1 mg/L in this case
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BEC = {(B) / (A-B)] X C =
(in mg/L)

(A typical Manganese BEC is 0.050 mg/L.)
3. Corrective Action

See Routine Maintenance and Troubleshooting section
(Chapter 1V, 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,

o Low calibra-
tion standards must 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

4
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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 ug/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 ug/L) shall be determined
by multiplying by 3, the standard deviation obtained for the
analysis of a standard solution (each analyte in reagent water)

5
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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 * 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.
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ITI. 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:

l. 1If 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 contract
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 10X 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 Porm 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.
7



Martin Marietta Environmental Systems

the ICP Interference Check Sample is not available from EPA, an
independent ICP Check Sample must be prepared with interferent
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 Form 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 where 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
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:

Dy - D2
RPD = —m—m—m———— X 100
(Dy + D3)/2
where
RPD = Relative Percent Difference
D} = First Sample Value
Dy = 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) QC ANALYSIS

Because of the nature of the Furnace AA technique, the
special procedures summarized in Figure 1 will be required
for quantitation. '

l.

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) or "coefficient of
variation”, or the sample must be rerun at least once.

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*

will 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 <50% 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.

10
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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 concentration is >50%
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 ccefficient
(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).

11
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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 Form 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 which 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 agqueous LCS must be 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 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:

3R = (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 QA/QC
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.

12
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The monthly results of the solid LCS samples should be
reported on a duplicate Form VII and submitted monthly to
EMSL/Las Vegas and SMO on the 15th of every month.

_ If the percent recovery for the solid LCS sample is outside
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.

13
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Table 1. Required instrument detection limits for metals as
determined by inductively coupled plasma emission
or atomic absorption spectroscopy(2d):

Detection level

Element (ug/L)
Aluminum 200
Antimony 60
Arsenic 10
Barium : 200
Beryllium 5
Cadmium 5
Calcium 5000
Chromium 10
Cobalt ' 50
Copper 25
Iron 100
Lead ' 5
Magnesium 5000
Manganese 15
Mercury 0.2
Nickel 40
" Potassium 5000
Selenium : 5
Silver 10
Sodium 5000
Thallium 10
Tin 40
Vanadium 50
Zinc 20

(a)rhe 1CP 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 = 85

Contract Required Detection Level (CRDL) = 5

14
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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 described 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.

15
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Table 2. 1Initial and continuing calibration verification control limits for inorganic

analyses.
% of True Value (EPA Set)
Analytical Method Inorganic Species Low Limit High Limit
ICP Spectroscopy/ Metals 90 110
Flame Atomic '
Absorption
Spectrometry
Furnace AA Metals 90 110
Tin 80 ' 120
Cold Vapor AA Mercury 80 120
Other Cyanide 20 110

SWBlSAS jeIudWILOIAUT ellBIJE VILIey
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Table 3. Interferent and analyte elemental concentra-
tions used for ICP interference check sample.

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

Al 500
Ca 500
Fe 500
Mg 500

Ag
As

Ba
Be
Ccd
Co
Cr
Cu
Mn
Ni
Pb
Sb
Se
T1
v

Zn

6 6 & 6 6 & 6 6 & 0 0 & o o6 s
OUMOOoOOoOOoOOoOuUVLLULILTUBNIOWLTIHLTO U

HOHFHFMFFEFMFHFOOOOKrHOOKFO

17




81

Table 4. Spiking levels(a) for s-ample analysis.

Por ICP/AA For Furnace AA Other
(ug/L) (ug/L)
Element Water Sediment (P) Water Sediment (D)
Aluminum 2,000 *
Antimony 50 50
Arsenic 20 40
Barium 2,000 2,000
Beryllium .50 50
Cadmium 50 50 S 5
Calcium 100,000 *
Chromium 200 200
Cobalt 500 500
Copper 250 250
Iron 1,000 *
Lead 500 500 20
Magnesium 50,000 *
Manganese 200 500
Mercury 1
Nickel 400 500
Potassium 50,000 *
Selenium 10 10
Silver S0 50
Sodium 100,000 *
Thalljum 50 S0
Tin 400 500 200
Vanadium 500 500
Zinc 200 500
(a)Amount to add prior to digestion/distillation -- choose amount appropriate to

eTs.

method of analyslis.

asterisk, should be spiked at appropriate levels.

Elements without spike levels and not designated with an

(b)rhe levels shown indicate concentrations in the digestate of the spiked sample.

*No spike required.

SWBISAS |EJUBLUUOIIAUY BLIBIIEH] UILIeW
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PREPARE AND ANALYZE SAMPLE

(double injections required)

v

ANALYSIS WITHIN CALIBRATION RANGE

NO

=9 | DILOTE SAMPLE

¥ ns

RECOVERY OF SPIKE >40%

if NO, repeat ounly once

*!.'.S

1f scill | p1AG DATA WITH AN "E°

NO

SAMPLE ABSQRBANCE >350% of SPIKE

NO

REPORT SAMPLE AS

1ES

SPIXE RECOVERY <35Z OR >1152

P{ {C.R.D.L. X ANY
DILUTION PACTOR

QUANTITATE FROM
P{ CALIBRATION

QUANTITATE BY MSA WITH 3 SPIKES
AT 50, 100 AND 150X OF SAMPLE

ABSORBANCE

(only single injections required)

v

CORRELATION COEFFICIENT >0.995

if NO,

¥ ns

FLAG DATA WITH “s°

repeat only oncs

CURVE AND REPORT

1f e2ill NO

FLAG DATA WITH A "+

Figure 1. Furnace atomic absorption analysis scheme
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HARTIN MARIETTA ENVIRONMENTAL SYSTEMS
FORM [-A
TRACE NETALS ANALYSIS DATA SHEET
MATRIX: EP TOXIC EXTRACTS

ANALYST
Q.C. REPORT NO.
DATA CHECK INITIALS E . UNITS:

MHES 1D. NO.

CLIENT 1D. NO.

CLIENT{s)

SAMPLING DATE
“T ANALYS1S
METALS DATE

Arsenic

Barium

Cadmium

Lead

Chromium

Mercury

Selenium

gSilver

Foatnotes:

< (less than) - Indicates value is less than the method detection limit.

Indicate the analytical method used with P (tor ICP/Flame AA) or F (for turnace).
Indicates a value estisated or not reported due to the presence of interterence.

- Indicates value determined by Method ot Standard Addition.

Indicates splke sample recovery is not within control limits.

- Indicates duplicate analysis je not within control liamits.

- Indicates the correlation coefticient for method of standard addition is leas than 0.995.

b ]
'

- ox P
]

Commentss Lab. Manager:




ANALYST

MARTIN MARIETTA ENVIRONMENTAL SYSTEMS
YORM 1-B
TRACE METALS ANALYSIS DATA SHERT
MATRIX:

0.C. REPORT NO.

DATA CHECK

INITIALS UNITS:

MMES ID. NO.

CLI1ENT 1D,

NO,

CLIENT(s)

SAMPLING DATE

METALS

ANALYSIS
DATE

Axrsenic

Bariuvum

Cadmium

Chromium

Lead

Mercury

Selenium

8ilver

Copper

lron

Nanganese

2inc

Ant imony

Beryllium

Nickel

Thalllum

Footnotee:

< (lese than) - Indicates value is less than the method detection limit.

- *PPaM™

Comments:s

Indicate the analytical method ueed with P (for ICP/Flame AA) or F (for furnace).
Indicates a value estimated or not reported due to the presence of Interference.
Indicates value determined by Method of Standard Additlon.

Indicates aplke sample recovery is not within control fimits.

Indicates duplicate analyais s not within contral limite.

Indicates the correlation coefficlent for method of standard addition fe less than 0.995,

LAB. MANAGER)




MARTIN MARIETTA EHVIRONMENTAL SYSTEMS
FORM [1IA
Q.C. REPORT NO.
INITIAL AND CONTINUING CALIBRATION VERIFICATION
HATRIX: EP TOXIC EXTRACTS

DATE: DATA CHECK/INITIALS:
ANALYST: ' COMMENTS ¢
Client

HHES SAMPLE JD. RANGE

Unicses

2
Initial Cullb.l Continping Calibration
4
True Value Pound 1] True Value Yound L1} Yound 1. Analysis Date Method

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

! 1nitia) calibration Source

2 continuing Calibration Source

3 control Limits: Mercury 80-120; ATl Other Metals 90-110
Indicate Analytical Method Used: P -~ ICP/Flame AA; £ - Furnace



DATEs
ARALYST»

MARTIN MARIETTA cnVIRONMENTAL SYSTENS
FORM 118

- Q.C. REPORT NO.

INITIAL AND CONTINUING CALIBRATION VERIFICATION

MATRIX

DATA CHECK/INITIALS)
COMMENTS

Client

NHES SAMPLE ID. RANGE

Unitss

Initial C

1ib,

Continuing Calibration

True Value

Found

AR True Value Pound

found 1! Analysis Date

4
Hethod

Arsenic

Barium

Cadmium

Chromium

Lead

MHercury

Selenium

S8ilver

Copper

Iron

Manganese

tinc

Antimony

Boryllium

Nickel

Thallium

! Initial Calibration Source

Continuing Calibration Source

3} control Limits: Mercury 80-120; AIT Gther Metals 90-110
P - ICP/FPlame AA3; F - Furnace

Indicate Analytical Method Used:
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FORM III-A
Q.C. REPORT NO.
BLANKS
MATRIX: EP TOXIC EXTRACTS
DATE: DATA CHECK/INITIALS:
ANALYST: COMMENTS
Client

MMES Sample ID. Ranges

Onits
“Initial Continuing Calibration
Calibration Blank Value Preparation Blank Analysis Date
Metals Blank Value i 2 3
1. Arsenic

2. Barium

3. Cadmium

4. Chromium

S. Lead

6. Mercury

7. Selenium

8, Silver
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FORM III-B
Q.C. REPORT NO.
BLANKS
MATRIX:
DATE: DATA CHECK/INITIALS:
ANALYST: COMMENTS ¢
Client ‘

MMES Sample ID. Ranges

Units

Initial
Calibration
Blank Value

Continuing callbration
Blank Value

3

e ——————

Preparation Blank

Analysis Date

6. Mercury

7. Selenium

8. Silver

9. _Copper

10, Iron

1l. Manganese

12. 2ine

13. Antimony

14, Beryllium

185, Nickel

16. Thallium
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PORM IVA ’

Q.C. REPORT NO.-

ICP INTERPERENCE CHECK SAMPLE
MATRIX: EP TOXIC EXTRACTS

DATE: ) DATA CHECK/INITIALS:
ANALYST: COMMENTS::
Client

MMES Sample ID. Ranges

) Onicss
Check Sample Source:
Metals Control Limitsl
2 |jInieial Final Analysis
Mean _St. Dev. True Observed 3R Observed- 3R Date

l. Arsenic

2. Barium

3, Cadmium

4, Chromium

S. Lead

6. Mercury

7. Selenium

8. Silver

9.

10.

1—1.

12.

lvean value based on n = "
True value of EZPA ICP Interferencs Check Sample or contractor standard.



MARTIN MARIETTA ENVIRONMENTAL SYSTEMS
FORM IVB
Q.C. REPORT NO.
ICP INTERPERENCE CHECX SAMPLE

MATRIX:
DATZE: DATA CHECX/INITIALS:
ANALYST: COMMENTS 3
Client .
MMES Sample ID. Ranges
Units:
Check Sample Sourcs:
Metals Control Limitsl
2 }]Inicial Pinal Analysis
Mean St. Dev, True Obsezved R Observed AR Date

1. Arsenic

2. Barium

3. Cadmium

A, Chromium

S. Lead

§, Mercury

7. Selenium

8. Silver
9, Copper
10. Iron

1l. Manganese

12. 2inc

13. Antimony

l4. Beryllium
15, Nickel

16. Thallium

lMean value based on n = .
True value of EPA ICP Interferencs Check Sample or contractor standard.




MARTIN MARIETTA ENVIRONMENTAL SYSTEMS
PORM VA
Q.C. REPORT NO.
SPIKE SAMPLE RECOVERY
MATRIX: EP TOXIC EXTRACTS

DATE: DATA CHECX/INITIALS:
ANALYST: COMMENTS ¢
Client
MMES Sample ID. Ranges
Units:
Control Limit Spiked Sample Sample Spiked 1 Analysis
Metals R Result (SSR) Result (SR) | Added (SA) 2R Date

l. Arsenic

2, Barium

3. Cadmium

4, Chromium

S. Lead

§. Mercury

7. Selenjum

8., Silver

9l

10,

1-1‘

i2.

1l sR = [(SSR - SR)/SA] x 100
*R® « out of control

Comments:
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SPIKE SAMPLE RECOVERY

PORM VB
Q.C. REPORT NO.

MATRIX:
DATE: DATA CHECK/INITIALS:
ANALYST: COMMENTS 3
Client .

MMES Sample ID. Ranges

‘Unitss
Contzrol Limit Spiked Sample Sample Spiked Analysis
Metals iR Result (SSR) Result (SR) | Added (SA) R Date

l., Arsenic

§. Mercury

7. Selemium

8. Siiver

9. Copper
10. Irenm

1l. Manganese
12. 2inc

13. Antimony

14, Berylilium

15. Nickel

16. Thallium

1 sR = [(SSR = SR)/SA] x 100
*R* = out of control

Comments:




FORM VIA
2.C. REPCRT NO.
OUPLICATES .
MATRIX: EP TOXIC EXTRACTS
QKTS: OATA CHECX/INITIALS:
NALYST CMMENTS
Client ‘

Unics:
R { | !
| Conerol Duplicace 2 Duplicacs | 3 | analysis !
Yacals L Limits Samlel{s) (D) PO Sarole(s) {D) L?PD ! Jace ’
_2. Barium r }
3. Cacmium ‘ }
r T !
4. Ciromium ! } ! !
s. uu i
§. Mercury {
7. Selenium !
{ I /
3. Silver ! ! '
T ! — ‘
3. ! ! ! '
10, ! ! ! r
8
. ] L ;
!
12. !
lea) » 20% RPD is control limit for values grsatsr than § times the CRIL
9) :mummllm::ummmsummm
2 207 (S = O[/((S + D)/2)] x 100
hd ct Centzol
NC - *lmca.l.c.u.acamau:ovaluo(s) less than CRDL
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FORM VIB
- Q.C. REPORT NO.
DUPLICATES
MATRIX:
DATE: DATA CHECX/INITIALS:
ANALYST: : COMMENTS: )
Client
MMES Sample ID. Ranqges
Uanits:
Control Duplicate 2 Duplicace 12 Analysis
Metals Limits Sample(s) (o) RPD Sample(s) (D) RPD Date

— e e e

§. Mercury

7. Selemium

8. Silver

9. Copper

10. ZIron

11. Manganese

12. 2ine

13. Antimony

14, Beryllium

15. Nickel

16. Thallium

lea) » 200 RPD is control limit for values greater than S times the CROL
D) + CRDL is coantrol limit for values less than S times the CRDL

2 RP0™= (S - D|/((S + D)/2)] x 100 o ~

* Qut of Control

NC = Non calculate RPD due =0 value(s) less than CRDL



Form VII
Q.C. Report No.
INSTRUMENT DETECTION LIMITS AND
LABORATORY CONTROL SAMPLE
LAB NAME CASE NO.

DATE LCS UNITS ug/L mg/kg
(Circle One)
Required Detection Instrument Detection ]
Compound Limits (CROL)-ug/l Limits (IDL)=-ug/l Lab Control Sample
’ ICP/AA Furnace True Pound 2R
Metals:
l. Aluminum 200
2. Antimony 60
3. Arsenic 10
4, Barium 200
5. Beryllium S
6. Cadmium 3
7. Calcium 3000
-8+ Chromium 10
9. Cobalt 30 .
10. Copper 25 [
11. Iron 100 '
12, Lead S
13. Magnesium 5000
14. Manganese 13
15. Mercury 0.2
16. Nickel 40
17. Potassium 5000
18. Selenium S
19. Silver 10
20. Sodium 5000
2l. Thallium 10
22. Tin + 40
23. Vanadium - 50
24, Zinc 20
Other:
I




MARTIN MARIETTA ENVIRONMENTAL SYSTEMS
FORM VIIIA
Q.C. REPORT NO.
STANDARD ADDITION RESULTS
MATRIX: EP _TOXIC EXTRACTS

DATE: DATA CHECX/INITIALS:
ANALYST: COMMENTS
Client

MMES Sample I.D. Range

Onits:

0 ADD 1A00 ;| 2aA0D 3IADD 1 | PINAL,

Analysis
Date

Sample ¥ Element ABS. CON,. /ABS., CON.‘ABS.1 CON. /ARS. CON. £

1 con is the concentration added, ABS. (s the instrument readout in absorbance or cgfcn:ra:icn.

Concentration as determined by MSA
® Sp® is the correlation coefficient.
+ = cocrrelation coefficient is cutside of control window of 0. 995.




MARTIN MARIETTA ENVIRONMENTAL SYSTEMS

PORM VIIIB

Q.C. REPORT NO.
STANDARD ADDITION RESULTS

MATRIX:
DATE: DATA CHECK/INITIALS: ,
ANALYST: COMMENTS:
_Cliene
MMES Sample I.D. Range
. Onits:
6 ADD 1 a0 2 ADD 3 ADD | | PINAL; Analysis
Sample ¢ Zlement ABS, COM. /ABS. CON. /ABS, CON./ABS. CON. c* Dats

1 con is the concentration added,
2 Concentration as determined by MSA

* .rl

is the correlation coefficient.

+ - correlation coefficient is outside of control window of 0.%95.

ABS. is the instrument readout in absorbance or concentration.
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Laboratory Name

Form IX (Quarterly) A
Instrument Detection Limits

ICP/Flame AA (Circle One) Model Number

Date Fumace AA Number
Bement | WU | OO | wern | et ™G] wen | werw
1. Aluminum 200 13. Magnesium saaaq
2. Antimony 60 ‘ 14. Manganess 18
3. Arsenic 10 18. Mercury 0.2
4. Barium 200 ‘ 18. Nickel 40
8. Beryllium 5 17. Potassium 5Q0Q
6. Cadmium S 18. Selenium 8
7. Calcium 5000 19. Sitver 10 N
~ “heomium 10 20. Sodium 5000 7]
> . Cobalt 80 21. Thailium 10
10. Copper 23 22. Tin 40
11. lron 100 23. Vanadium 50 .
12. Lead 8 24.2Zinc 20
Footnotes: ° mfmmb:? “:’:r mw:;;th‘l::hl:L applies with a P (for ICP/Flame AA) or &
° Indicate dm o;:monly run with background correction (AA) with a B behind the
° I‘!.:\hon than one lC?/Fhm? or Furnace AA Is used. submit separste Forms I1X-XI for
Comments:

Lab Manager




Laboratory

Form X (Quarterly)
ICP Interelement Correction Factors

Date

ICP Modsl Number

Interglement Correction Factors

for

-" Analyte

Analyte
Wavslength
(nm)

Ca

Fe

Mg

Antimony

Arsenic

Barium’

Beryllium

Cadmium

Chromium

| Ce* e

c ;0

Lead

Manganese

—

Mercury

Nickal

Potassium

Salenium

Silver

Sadium

Thallium

Tin

Vanadium

Zin

v

LY

3 ° aents:




Laboratory Name

Date

Form X! (Quarterly)
ICP Linear Ranges

ICP Model Number

Upper ICP Linearity Limits

Analyte

integration
Time (Seconds)

Concentration
(ug/L)

Analyte

lntogntiog
Time {Seconds)

Concentration

ue/L)

1. Aluminum

13. Magnesium

" 2. Antimony 14. Manganese
3. Arsenic 18. Mercury
4. Barium 16. Nickel
5. Beryitium 17. Potassium
6. Cadmium 18. Selenium
~ Calcium *119. Silver
3. Chromium 20. Sodium
9. Cabatlt 21. Thailium
10. Copp;r 22. Tin
11. lron 23. Vanadium
12. Leed 24. Zne
Footnotes: @ Indicate elements not analysed by ICP with the notation NA.
Comments

Lab Manager




FURNACE ATOMIC ABSORPTION METHOD FOR
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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 10-12g.

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
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 & 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
water; rinsed with 1:1 nitric acid, tap water, l: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

l. 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 HNO3 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

II-1



Martin Marierta Environmental Systems

reported as "dissolved" concentrations. For As and Se analysis,
the filtrate should be digested with H20; and HNO3 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 material is
present, as little as 100 ml of a well mixed sample is filtered.
Record the volume filtered and transfer the membrane filter
caontaining the insoluble material to a 250 ml Griffin beaker
and add 3 ml conc. redistilled HNO3. 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 thé acid has nearly evapcrated, cool
the beaker and watch glass and add another 3 ml of conc. redis-
tilled HNOj3.. 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
HNO3 (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 H907 and HNOg 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 HNO3 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 conc. redistilled HNOj3.
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

TT=2
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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. Aadd a
small quantity of redistilled l:1 HNO3 (to obtain 0.5% v/v HNOj
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 ready for
analysis. Concentrations so determined shall be reported as
"total" (see Note 4). For As and Se analysis, the filtrate
should be digested with H709 and HNO3 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 conc. redistilled HNOj3,
S ml/1l. At the time ¢f analysis, a 100 ml aliquot of well mixed
sample is transferred to a beaker or flask. Add 2 ml of 30%
H909. 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 1l:

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, reagent and sample
blanks, that certain steps in the cleaning procedure are not

TT =}
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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 conc. 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 Waste
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 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 o H90 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 l: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.
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 dissociaticn.

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).

III-1
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Additional Interferences

l. 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 HNO3 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 ¢ited 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

ITI-2
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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.

Contamination of the sample can be a major source of
error because of the extreme sensitivities rachieved

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

HNO3 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 distilled
water for the preparation of all reagents, calibration 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.

@ Nitric Acid, conc.: (sp. gr. 1.41).

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

o Hydrochloric acid (l:1): Prepare a l: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.

Iv-1
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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.

‘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.

Y

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.

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). 1If 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
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Sgikes

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
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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
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 agqueous 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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V. EQUIPMENT

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

A. Perkin Elmer Model 5000 AA spectrometer

® Microprocessor - controlled atomic absofption
spectrophotometer

¢ Double~-beam instrument
9 Monochromator grating
9 Photomultiplier detector
® Adjustable slits
92 Wavelength rangé of 190-800 nm
@ Direct concentration read-out
o Peak height/peak area measurements.
B. Perkin Elmer HGA 500 Graphite Furnace
@ Furnace Assembly
¢ Temperature Control Assembly
® Argon gas supply
9 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 EDi lamps

J. Pyrolytically Coated Tubes
Vi-1



Martin Marietta Environmental Systems

L'vov Platform - provides a uniform thermal environment,
thus significantly reduce interferences.

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.

Glassware: All glassware, linear polyethylene, poly-
proplyene or Teflon containers including sample bottles,
should be washed with detergent, rinsed with tap water,
l:1 nitric acid, tap water, l:l1 hydrochloric acid, tap

water and deionized distilled water in that order.

(See Notes 1 and 2 under Sample Handling and Preserva-
tion concerning the use of chromic acid and the clean-
ing procedure.]

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% HNO3 and thoroughly
rinse with DI water before using.

VIi-2
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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

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

Turn on the water coolant supply.

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

AA 5000

o Switch the power on

® Switch from STANBY 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

l.
2.

Press SET UP on AA 5000 keyboard

Adjust two knobs on lamp mount until display reads

a maximum of betwen 49-99, 1If the reading reaches 99
then depress GAIN button to adjust midrange. Continue
adjustment to reach maximum. -

ViIi-1l
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Focus lamp by moving in and out to obtain highest
reading.

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

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

Swing furnace assembly out of the optical path and
depress AZ.

Swing furnace back to its normal position.

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.

Depress AZ

Put windows back in. Normally a 0.085 to .1l00
absorbance reading is obtained due to the windows.

Enter 1, depress STO to store program.

AS-40 Programmer

1.
2.

Power on - by default it goes to standby mode.

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

Align the sampling capilliary tip (refer to see 2.3 of

AS-40 Operators Manual)

Enter parameters:

® Sample volume (default is 20 ul)

e Alternate volume - used for matrix modifier
e Method # (default is 1)

@ Last Sample (default is 35)

? INSTRUMENT PROG (number used to store program in
AA 5000) .

VII-2
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® HGA PROGRAM (number to be used to store program in
HGA 500)

® Reslope or recalibrate by using RECAL A, RECAL B,
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.

HGA-500 PROGRAMMER

l. 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. i

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

4. O 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
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o Enter atomization temperature again and recheck
calibration. Allow few seconds for furnace to
heat up.

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.

HGA GRAPHICS, ‘
information about the HGA graphics software, refer to the
P-E HGA Graphics Instruction Manual).

l.
2.
3.
4.
5.

FOR INVESTIGATION (SEE NOTE l1l). For more

Turn on Data Station.

Enter time and date.

Place HGA graphics disk in drive 0.

Type in DATA, depress RETURN.

Enter parameters (use HGA graphics overlay).

® Depress NEW DISC when desired to erase the previous

data.

® ©Depress OLD DISC when desired to retain the previous
content. This will not store the new parameters
entered.

Depress COLLECT DATA, RETURN.

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

a. DATA
b. PLOT
¢. GRAPH

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

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.

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.

VIiIi-4
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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.
METHOD DEVELOPMENT RUN WITH HGA GRAPHICS:

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

® Depress RESET On AS-40 programmer to p051t10n sampling
tip on AZ (blank) position.

9 Push START/STOP button on AS-40 - this will withdraw
solution from A2 position.

® 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 #1
position and so on.

® To use the MANUAL mode, depress the no., then MANUAL.
Number 41 is position S1 on tray. Number 1 is position
1 on tray.

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

@ Push any key to get out of COLLECTION DATA mcde.

FINAL AA 5000 INSTRUMENT SET-UP

l. 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 S1 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.)

VII-5
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Enter 1, depress STO to store.

PRINT SOFTWARE (this will print results on printer).

1.
2.
3.
4.
5.

Place "Print™ disk in drive 0.
Enter time and date.

Type "PRINT" and depress RETURN.
Turn on printer-100,

Follow prompts on screen.

ANALYSIS RUN

1.

Place blank, standard(s) and samples on Tray #l1 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.

Push RESET button AS-40 programmer.

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: 5-100 ug/l
Approximate Detection limit: 1 ug/l

Preparation of Standard Solution:

1,

Stock solution: Dissolve 1.320 g of Arsenic trioxide, Ag303
(analytical reagent grade) in 100 ml of deionized

distilled water containing 4gNaOH. Acidify the solution
with 20 ml conc. HNO3 and dilute to 1 liter. 1 ml =1

mg As (1000 mg/1l)

Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS
reagent grade (Ni(NOj3), .6H,0 in deionized distilled
water and make up to 100 ml.

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

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:
Peak height; times:

HGA Parameters

Purge gas:

Graphite tube:

Sample aliquet:

Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000
193.7 nm.

0.7L

EDL

8w

yes

4 sec

argon

pyrocoated/L'vov platform

20

0.05 ug/ml, 0.02 pg/ml, 0.01
ug/ml, Blank

NiNO3 (0.4%)

S ul

automated

2

Keyboard entries for temp/time programing

Step 1
Temp°C : 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4 S
500 1500 2500 2650
10 10 1 1
23 28 4 5
-1
-4
0
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B. CADMIUM

(Atomic Absorption, furnace technique)

Optimum Concentration range: 0.5-10 ug/ml
Approximate Detection Limit: 0.1 ug/l

Preparation of Standard Solution:

1.

Stock Solution: Carefully weigh 2.282 g of Cadmium
Sulfate (3 Cd SQ,4.8H,0, analytical reagent grade) and
dissolve in deionized distilled water. Make up to 1
liter with deionized distilled water. 1 ml = 1 mg Cd
(1000 mg/1).

Ammomium Phosphate solution (43%). Dissolve 4 grams of
Ammonium phosphate (NH4)2HPO4 (analytical reagent
grade) in deionized distilled water and dilute to 100
ml.

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

Instrumental

Instrumental Model: Perkin Elmer AA 5000 with HGA 500
Wavelength: 228.8 nm.

Spectral band width: 0.7L

Light source: EDL

Current/watts: S W

Background Correction?: yes
Read-out parameter
Peak area; time: 4 sec

Peak height; time:

HGA Parameters

Purge gas: argon
Graphite tube: pyrocoated with L'vov platform
Sample aliquet: 20 ul

Calibration standards: 0.01 ug/ml, 0.005 ug/ml,
0.002 ug/ml, Blank

Matrix Modifier: (NHy) 5 HPO4 (4%)/MgNO3(0.4%)
Matrix modifier aliquot: 5 ul

Sample introduction: automated

Replicates: 2

Reyboard entries for temp/time programing

Step 1 2 3 4 S
Temp°C 210 500 900 2000 2650
Ramp(s) 1 13 10 Q 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: 5-10 ug/l
Approximate Detection Limit: 1 ug/l

Preparation of Standard Solution:

1.

Stock solution: Carefully weigh 1.599 g of lead nitrate,
Pb(NO3), (analytical reagent grade) and dissolve
deionized distilled water. When solution is completely
acidify with 10 ml redistilled HNO3 and dilute to 1

liter with deionized distilled water. 1 ml = 1 mg Pb
(1000 mg/1)

Ammonium Phosphate solution (4%). Dissolve 4 grams of
ammonium phosphate, (NH4) HPO4 (analytical reagent
grade) in deionized distilled water and dilute to 100 ml.

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read=-out parameter

Peak area; time:
Peak height; time:

HGA Parameters.

-Purge gas:

Graphite tube:
Sample aliquet:
Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000 with HGA 500

283.3
0.7L
EDL

yes

3 sec

argon

pyrocoated with L'vov platform

20 ul

0.05 ug/ml, 0.02 ug/ml,
0.010 ug/ml, Blank
Ammonium Phosphate (4%)
S ul

automated

2

Keyboard entries for temp/time programing

Step 1
Temp°C 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4
850 2100 2650
10 0 1
60 4 4
0
-3
0
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D. NICKEL
(Atomic Absorption, furnace technique)
Optimum Concentration Range: 5-100 ug/l
Approximate Detection Limit: 1 ug/1
Preparation of Standard:
l. Stock solution: Carefully weigh 1.000 g of nickel
metal in 10 ml hot conc. HNO3, cool and dilute to 1000

ml with deionized, distilled water.

2. Magnesium nitrate (0.5%): Dissolve 0.5 grams of MgNO3
in 1 ml HNO3 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 analyzed after sample
preparation.
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Element: Ni

Instrumental /HGA Parameters.

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:'

Graphite tube:

Sample aliquet:

Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Keyboard entries for temp/time programing

Step 1
Temp®°C 210
Ramp(s) 1
Hold(s) 40
Read

Baseline

Internal flow

Perkin Elmer AA 5000 with HGA 500

232.0
0.2L
HCl

yes

5 sec

argon

pyrocoated/L'vov platform

10 ul

0.05 ug/ml, 0.02 ug/ml,

0.010 ug/l1l, Blank

MgNO3 (0.5%)

10 ul

automated

2

2
500

15
15
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E. SELENIUM

(Atomic Absorption, furnace technigue)

Optimum Concentration Range: 5-100 ug/l
Approximate Detection Limit: 2 ug/l

Preparation of Standard Solution:

1.

Sﬁock Selenium solution: Dissolve 0.3453 g of selenous acid
(actual assay 94.6% H;SeO3) in deionized distilled

water and make up to 200 ml. 1 ml = 1 mg Se (1000 mg/1l)

Nickel Nitrate solution, 5%: Dissolve 24.780 g of ACS
reagent grade (Ni(NOj3),. 6H,0 in deionized distilled
water and make up to.100 ml.

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

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light. source:
Current/watts:

Background Correction?:

Read-ocut parameter
Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:

Graphite tube:

Sample aliquot:

Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000 with HGA 500
196.0

2.0L

EDL

6 w

yes

4 sec

argon

pyrocoated with L'vov platform
20

0.05 wg/ml, 0.020 ug/ml,

0.01 ug/ml, Rlank

NiNO3 (0.4%)

5 ul

automated

2

Reyboard entries for temp/time programing

Step 1
Temp®°C 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4 5
800 2200 2650 20
40 0 1 1
23 4 4 5
0
-3
0
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F. SILVER

(Atomic Absorption, furnace technigque)

Optimum Concentration Range: 1-25 ug/l
Approximate Detection Limit: 0.2 ug/l

Preparation of Standard Solution

l.

Stock Solution: Dissolve 1.575 g of AgNO3, (analytical
reagent grade) in deionized distilled water, add 10 ml
conc. HNOi and make up to 1 liter. 1 ml = 1 mg AgNO;

)

(1000 mg/

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.”

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

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter
Peak area; time:

Peak height; time:

HGA Parameters

Purge gas:

Graphite tube:

Sample aligquot:
Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000 with HGA 500

328.1 nmm

0.7L

Hallow Cathode Lamp
10 MA

yes

5 sec

argon

pyrocoated with L'vov platform

10 ul

0.050 ug/ml, 0.020 ug/ml,

0.01 ug/ml, Blank
none

none

automated

2

Keyboard entries for temp/time programming

Step 1
Temp©°C 200
Ramp(s) 1
Hold(s) 25
Read

Baseline

Internal flow

2 3
600 1900
25 0
35 5
-1
-4
0
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G. TIN

(Atomic Absorption, furnace technigue

Oplimum Concentration Range: 20-300 ug/l
Approximate Detection Limit: 5 ug/l

Preparation of Standard Solution:

1. Stock solution: Dissolve 1.000 g of tin metal
(analytical reagent grade) in 100 ml. of conc. HCl
and dilute to 1 liter with deionized distilled water.
lml=1mg 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% MgNOj3
solution. Dissolve 4 grams of Ammonium phosphate
(NHy), HPO, (analytical reagent grade) and 0.4 g of
MgNO3 in deionized distiled water and dilute to 100 ml.
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Element:

Tin

Instrumental /HGA Parameters

Instrumental

Instrumental Model:
Wavelength:

Spectral band width:
Light source:
Current/watts:

Background Correction?:

Read-out parameter

Peak area; time:
Peak height; time:

HGA Parameters

Purge gas:
Graphite tube:
Sample aliquet:

_ Calibration standards:

Matrix Modifier:

Matrix modifier aliquot:

Sample introduction:
Replicates:

Perkin Elmer AA 5000 with HGA S500
224.6 nm

0.7L

EDL

8 Watts

yes

4 sec

argon
pyrocoated with L'vov platform
20 ul

0.10 uyg/ml, 0.04 ug/ml,

0.020 ug/ml, Blank

4% (NH4)2 HPO4/0.4% MQNO3

5 ul

automated

2

Reyboard entries for temp/time programing

Step 1
Temp©°C 200
Ramp(s) 1
Hold(s) 30
Read

Baseline

Internal flow

2 3 4 5
1000 2100 2650 20
10 0 1 1
23 4 4 5
0
-3
0
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IX. HELPFUL PQINTS

. 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 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 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 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/l 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/l of metal in sample = 2 -
U

where:

2 = ug/l of metal read from calibration curve
or readout system

ul volume standard injected into furnace
for calibration curve

U = ul volume of sample injected for analysis

S

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

ug/l of metal in sample = Z <==-=

where:

2 = ug/l 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/l of metal in sample = 2° =
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where:

Z = ug/l 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:

mg metal/kg sample 32 ec—cca—--

where:

Z = ug/l 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:

mg metal/kg sample =2 <——ecee-=-

where:

= ug/l of metal in processed sample from
calibration curve

= final volume of processed sample in ml
weight of wet sample in grams

$ solids

b < (3]
[ ]
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XI. ROUTINE MAINTENANCE AND TROUBLESHOOTING

HGA-500 Graphite Furnace

@ The HGA-500 is protected against any kind of false
operations. 1Incorrect programming or operation steps
are indicated by specific error codes on the temperature
display. (See Section 2.3 of P.E. HGA-500 Graphite
Furnace Operator's Manual.)

® 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

® 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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XII. REFERENCES

"Methods for Chemical Analysis of Water and Wastes," EPA-
600/4-789-020. Revised March 1983.

"Analytical Methods for Furnace Atomic Absorption Spectroscopy.,”
Perkin Elmer Corp., Ct. 19.

U.S. EPA Contract Laboratory Program. Inorganic Analysis:

Multi-Media, Multi-Concentration. SOW No. 784 July 1984.
Sample Management Office, Alexandria, VA.
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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: Multi 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.



L.

3.

4.

ATTACHMENT 1
ACID DIGESTION QF SEDIMENTS, SLUDGES AND SOILS

Scope and Applicacion

l.] This mechod i3 ac acid digestion procedure used to prepare sediments,
sludges, and soil samples for analysis by flame or furnace atomic
absorptican spectroscopy (AAS) or by iaductively coupled argom plasma
spectroscopy (ICP). Samples prepared by this method uay be analyzed
by AAS or ICP for the following metals:

Aluainum Chromium Selenium
Antimony Cobalt Silver
Arsenic Copper Sodiunm
Barium Iron Thallium
Beryllium Lead Tin
Cadaium Magnesium Vanadium
Calcium Manganese Zinc

Nickel

PoCassium

Summary of Method

NOTE: A separate digestiocn procedure is required for furmace AA and ICP
analysis.

2.1 A representative 1l g (vet weight) sample is digested ia aitric acid and
hydrogen peroxide. The digescate is then refluxed with either aitric
acid or hydrochloric acid. Bydrochloric acid {s used as the final
reflux acid for tha furnace AA analysis of Sb and Sa, the flame AA or
IC? analysis of Al, Sb, Ba, Be, Ca, C4, Cr, Co, Cu, Fe, PbH, Mg, Mn,

Ni, K, Ag, Na, T1, Sa, V and Za. Nitcrtic acid is employed as the final
rteaflux acid for the furnmace AA analysis of As, Be, C4, Cr, Co, Cu, Fe,
Pb, Ma, Ni, Se, Ag, T1, V, and Za. A separate sample shall be dried
for a total solids de:eruina:ian (Exhibic D, Attachmeat 9).

Apparatus and Materials

3.1 Conical beakars = 250 ml Phillips beaker or other appropriacte vessel.
3.2 Wacch glasses .

3.3 Thermometer that covers range of 0° to 200°C

3.4 Whatman No. 42 filcer paper or equivalent

Rgageﬁcs v

4.1 ASTM Type II wacer (ASTM D1193): Water zust be mounicored.

4.2 Concentraced Nitric Acid (sp. gr. l.4l)

S o th s A s A

e




.3 Concentrated Hydrochloric Acid (sp. gr. 1.19)

.4 Hydrogen Peroxide (30Z): Tin-free grade.

ample Preservation, and Bandling

P O ooy damy

o1 Non—aqueous samples must be refrigerated upon receipt until analysis. i

e gedime
e atoaic Procedure

fgon plag 6.1

Mix the sample thoroughly to achieve homogeniety. For each digestion
be amaly

procedure, weigh and transfer to a conical beaker a 1.0 g portion (to
the nearest 0.0l gms) of sample. )

6.2 Add 10 al of 1l:1 nitric acid (HNO4), mix the slurry, and cover with i
a watch glass. Heat the sample to 95°C and reflux for 10 minutes
without boiling. Allow the sample to cool, add 5 =l of conceatrated
HNO4, replace the watch glass, and reflux for 30 minutes. Do oot
allow the volume to be reduced to less than 5 al while maintaining
a covering of solution over the bottom of the beaker.

6.3 After the secoud reflux step has been completed and the sample has ' !
cooled, add 2 ml of Type II water and 3 ml of 3OZ hydrogen peroxide 3
(H202). Return the beaker to the hot plate for warming to start the
peroxide reaction. Care must be taken Co ensure that losses do not i
occur due to excessively vigorous effervescence. Heat until effer- !
vescence subsides, and cool the beaker.

.t AR AR ———

. ar  CcH

et 6.4 Coatinue to add 302 Hy0; in 1 ml aliquots with warming until the
¢ ‘Ci: effervescence is minimal or until the general sample appearance is

?e;i:j; unchanged. (NOTE: Do not add more than a total of 10 ml 30Z% H,0,.)
-aze AA 6.5 If the sample is being prepared for the furnage AA analysis of Sn and

Hgﬁ Ma, Sb, the flame AA or ICP analysis of Al, Sb, Ba, Be, Ca, Cd, Cr, Co,
the f£3 Cu, Fe, Pb, Mg, Mn, Ni, K, Ag, Na, T1, Sa, V, and 2a, add 5 @l of 1:!l

“:; Ca, i HCl and 10 al of Type II water, return the covered beaker to the hot
drie plate, and heat for an additiocal 10 minutes. After cooling, filter
through Whatman No. 42 filter paper (or equivalent) and diluce to
] 100 ml with Type II water (or centrifuge the sample - see Note l).
The diluted sample has an approximate acid concentration of 2.52
. vesaej (v/v) HCl and 52 (v/v) ENO3. Dilute the digestate 1:5 with the

deionized water. The sample i3 now ready for analysis.

6.6 If che sample is being prepared for the furnace analysis of As,
Be, Cd, Cr, Co, Cu, Fe, Pb, Mo, Ni, Se, Ag, Tl, V, and Zn, coatinue
heating the acid-peroxide digestate until the volume has been reduced
to approximately 2 ml, add 10 ml of Type II water, and warm the mix-
ture. After cooling, filter through Whatman No. 42 filter paper (or
equivalent - see Note 1) and diluce to 100 al with Type II water (or
centrifuge the sample). The diluted digestate solution contains
approximately 2% (v/v) HNOj. Dilute the digestate 1:5 with deionized
vater. For analysis, withdraw aliquots of appropriate volume, and
add any required reagent or matrix modifier. The sample is now
ready for analysis.

| D-5
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7. Calculations

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

7.2 The coacentrations determined in the digest are to be reported
oun the basis of the dry weight of the sample.

Concentration (dry wet.) (mg/kg) o C x V

WxS
where C = Concentration (mg/L)
V = 0.1L (Final volume in liters after sample preparatioca)
W= 0.002 kg (weight in kg of wet sample)
S = I Solids/100 .

REF: Modificacion of Method 3050 from SW-846, Test Methods for Evaluating

Solid Waste, EPA Office of Solid Waste and Emergency Respoanse, July 1982,

s PR Sty b

it BTN S h BT i U A e L BRGSSATON S G A G v A
3 v RNt b LA R R ERCSERE

P N T S Y LA EPEPR L

Mk egt o b 4



APPENDIX B

ANALYTICAL LIFETIME OF GRAPHITE TUBES

-THE CHECKLIST-
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Analytical Lifetime of Graphite Tubes
- The Checklist - ‘

R. Lehmann, Z. Grobenski, U. Vdllkopf, 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, combined 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!



CHECKLIST
for the proper use of graphite tubes

. Cleaning the graphite contacts

. Thermal conditioning

. Thermal pretreatment

. Atomization temperature

. Atomization time

6. Influence of the acid matrix

7. Cooling

8. Inert gas

9. Lifetime of the graphite contacts.

ur W —

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. 8010-7022). 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 conditidned. 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 °C 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. Thermal pretreatment

[t 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. S0 “C/s can be recom-
mended. For more complicated sample matrices, a ramp of 20 to S0 C/s shouid
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 fcr uncoated
tubes. Faor 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. HNO3,
HC10,, H,0,, etc., have a very bad reputation in graphite furnace AA. This
is egpec?a?Iy 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 1is 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 why 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 44 °C.
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 cas results in a lower peak sensitivity for a few elemenrs,
In addition, at temperatures above 2300 C toxic cyanogen (C,N,) may be
generated, making continuous use of nitrogen in a small, poorly ventilated
room potentially ‘dangerous. Thus only argon can be recommended. Argon purity
should be 99,996 . with no more than 5 vpm oxygen and 4 vpm water. Higher
oxygen or/and water concentrations may decrease the usefuyl lifetime of the
graphite tubes.
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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
49, 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 are:

l. 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, Sampleé are not preserved with HCl.

I-1
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IT. 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 retalned 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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IIT. 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 "blue ice". (Note: Dry
ice should not be used as it will cause the samples to freeze
and 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.

ITI-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)

2)

Hewlett-Packard Model 7675A Purge and Trap:' This unit
can be set-up to purge either a 50 ml capacity or 10 ml
capacity sample tube. Generally, the 50 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 7675A manual.

Hewlett-Packard 5880 Gas Chromatograph (GC) with
Level 4 GC Computer Terminal:

The HP 5880 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 5880 GC and

.Level 4 Terminal refer to the HP 5880 GC Manual.

Iv-1
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V. SYSTEM OPERATION

The 2 major instruments used 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 specxflcatlons are shown in Figure V—l 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 767SA 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.

V-1
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Table V-1. Operating conditions for VOC analysis using the
Hewlett Packard 5880 GC

Carrier Gas:

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 B

Column:
1/8" OD stainless steel x 8'
or 6'
Detector: Flame Ionization Detector (FID)

Hy - 40 ml/min
Air - 400 ml/min

Injection Port Temp:

200°C

Detector Temp

250°C
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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 Offt.

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.

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

adjusted,

Adjust the purge pressure gauge to 10 psi,

Turn on the Purge and Trap unit and start the purge
cycle.

Measure the flow coming from the steel purge tube of
the purge assembly with the bubble meter. Adjust purge
flow hy turning the purge flow screw on front of Ps&T
unit until 40 ml/min flow is measured from the FID
opening.

C. DAILY SYSTEM CHECKS

Once all the connections and gas flows are correctly
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 performed prior to analysis.

1)

Condition the GC column at 220°C for 20 minutes, or
until all contamination is removed. 1If 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 purge and trap

Carrier gas: UHP Np or He at 20 ml/min

Purge gas: UHP N3 or He at 20 ml/min

Sample tube size: 50 ml

Pre-purge time: 0 min (off)

Purge time: 11 min

Desorb time: 4 min (start GC run at beglnnlng

of desorb cycle)

Desorb temp: 180°C

Vent time: 5 min (vent trap temperature is
automatically set at 50°C higher
than desorb temperature)

Auxiliary temp: | 120°C
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The HP 7675A Purge and Trap manual should be referred
to in order to confirm the correct sequence of valve
actuator positions and indicator lights during each
purge, desorb, and vent cycle.

Bake-out the Tenax cartridge trap in the P&T for 10
minutes using the vent cycle only.

Turn on the flame ionization detector (FID) and check
the baseline zero while the column is at 40°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).

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 (N, or He)
through 1~ to 2 liters of deonized H0 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 chromatogram. Store the reagent
blank water away from any solvents.

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.

If the baseline zero and reagent blank run show the
system to be free of contamination, the instrument is
ready for calibration. 1If 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 Terminal 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's. 1In
addition, each standard and reagent water blank is spiked
with a surrogate halocarbon to monitor both system and method
performance. 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-l. ([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 1/2-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: .

l. 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, B, and C certified stock solutions

PURGEABLE A
(all compounds 0.2
mg/ml in methanol)
Cat. % 4-8851"

PURGEABLE B
(all compounds 0.2
mg/ml in methanol)
Cat. % 4-8852

Purgeable C

(all compounds 0.2

mg/ml in methanol)
Cat. # 4-8853

methylene chloride
1,1-dichloroethylene
1,1-dichloroethane
chloroform

carbon tetrachloride
1,2-dichloropropane
trichloroethylene
1,1,2-trichloroethane
dibromochloromethane
tetrachloroethylene
chlorobenzene
2-chloroethylvinylether

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

chloromethane
bromomethane
vinyl chloride
chloroethane

* The amounts of cis- and trans- 1,3 dichloropropene may
vary from 0.2 mg/ml; concentrations are specified on the
data sheet accompanying the standard.

SWBISAS IBIUAWIUOIIAUST eIBLIEI LIIe
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2. Analyze a 50 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 25ul
syringe with methanol, and then rinse with Purgeable
A. Fill the syringe with 20ul of stock Purgeable
A, and inject the 20ul into a 200-ml volumetric
flask containing approximately 190 ml of reagent
water®*. Rinse the syringe again with methanol, and
Purgeable B, then inject 20ul of Purgeable B 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
volatiles 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 15 ml of the substock to the clean
50 ml purge tube and diluting to 50 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:

l. FPFor the first calibration level, rinse a syringe with
methanol and purgeable C, then inject 200ul 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, .

VI-3



Martin Marietta Environmental Systems

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 25 ml of the substock to the clean
50 ml purge tube and diluting to 50 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 50-ml volume. The resulting 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
100ul syringe with methanol followed by the stock. Inject
100ul 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 performed as follows:

® Place 50 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.

VI-4
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® Immediately inject 5.0ul 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 given in Table
VI-2. Note that the amount of surrogate spiked into all
standards (and samples) is constant.

summary

A VOC 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 VOC

in the sample aliquot by the volume of the aliquot in milliliters
(ml)

nanograms of VOC in

sample aliquot ng
——————————————————————— = - = ppb
volume of aliquot (ml) ml

VI-5
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Table VI-2:

Summary of calibration standavds

Concentration | Concentration of [Concentration
Calibration |Prepavation | Preparation | Preparation A&B Purgeable C surrogate
Level of ESTD of Purge C of surrogate|ng/50 ml| ppb | ng/50ml ppb ng/50 ml| ppb
20p1 inject |200ul inject | 5.0ul in-
each of pur-|{of purgeable | ject of sur-
1 geables A&B, |C into 200 rogate sub—- 1000 20 10,000 200 1000 20
into 200 ml |ml H70 stock to 50
H0. (A/B (substock C) | ml of stan—
substock) daxd
15 ml of 25 ml
A/B sub- substock C "
2 stock di- diluted to 300 6 5000 100 1000 20
luted to 50 ml
50 ml
2.5 mls of 10 ml
3 A/B sub- substock C "
stock di- diluted to 50 1 2000 40 1000 20
luted to 50 ml
50 ml
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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 terminal. The analyst must sup-
ply only the peak retention time, amount, and name of each com-
pound peak, and the computer automatically calculates and saves
the response factor for each. Example of VOC calibtration tables
for Purgeables A, B, and C are shown in Tables VI-3 and VI-4.

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 o0ld calibra-
tion table. Before clearing the memory, make certain
the table currently in the memory has been stored on
the cartridge tape unit of the terminal in case it
must be recalled for later use. The difference between
the two modes of calibration data storage - the memory,
and 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 #6) = 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 memory 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

CALIS TANLL: % Sysi ago
AL RT LLYEL AT
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1.9989E+93
2.30999€ 92
2. 999ME+93
1.39999€+43
2.30999€ 2
2.90999L+93
L. 38QL 3
2.39094€ 2
2. 909NNE~3
1. ISNINE~T
2.90999€»92
2.99¢MIL3
1.99EE~3
2.30094L -2
2.39999L+93
1.3089Q€+3
2.30099L 32
2.99999L 93
1.0999€E+~93
2.30999€+92
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1.939999€+493
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the old version deleted from the tape. Calibra-
tion tables stored on the tape cannot be erased
by power outages or simple delete commands.

Once the analyst is certain the calibration table in
the memory can be cleared, enter the command:

DELETE CALIB

Only the table in the memory, not in the cartridge
tape, will be cleared.

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), and
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
keystrokes to enter the calibration information.

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. Anélyze the third level as above; press

CALIB 3
to initiate the same process for the third level.
Print the completed 3-level table by pressing

LIST CALIB
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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. 1If
not, check for math errors and if necessary, re-analyze
and calibrate the level which is not in range. 1If
re-running one level does not remove the problem, the
entire 3-level calibration table must be redone.

After the final corrections are made, store the table
on the cartridge tape, referred to as DEVICE #6, by
entering

SAVE CALIB "title of table" DEVICE #6

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 "VOC50-4/18/84" DEVICE #6

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 #6) are:

LIST DEVICE #6: shows the titles of all proqgrams,
reports, and calibration tables
stored on the tape.

DELETE CALIB "title"™ DEVICE #6: erases the speci-
fied table from
the tape

GET CALIB "title"™ DEVICE #6: 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)

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
chromatograms.
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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.

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 of this document.

Once the o0ld 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. 5.-

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.

Remove two samples from refrigerated storage and allow
them to reach room temperature prior to analysis.

Place an appropriate size sample aliquot in 50 ml purge
tube. (Normally 10-20 grams for soils/sludges.) If’
possible, use previous analytical results to estimate
aliquot size. Dilute to 50 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 the 50 ml volume.
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Screw sample tube ‘into purge assembly, and start the
"purge & trap" procedure.

At end of purge cycle (beginning of desorb cycle)
start the GC analysis.

Start the GC analysis at the highest sensitivity: attn
242, and threshold 0. Adjust the sensitivity as

needed to keep the chromatogram peaks from becoming

too large.

If the sample has both high and low concentrations 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.

Allow the GC analysis to proceed at least until the
retention time of the last eluting standard peak is
reached. 1If 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.

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 (ESTD) report is shown in Appen-
dix B.

Any sample with unidentified or coeluting compounds
should be analyzed by GC/MS to confirm the identifica-
tion of compounds. See Table VII-1l for a list of
coeluting compounds. Purgeable C has no coelution
compounds although the methanol solvent peak may
interfere with quantitation.

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-l. Order of elutlon for calibration solution con-
taining Purgeable A/B

methylene chloride
l,1-dichlorocethylene
bromochloromethane surrogate
l,1-dichloroethane
trans-1,2-dichlorocethylene

chloroform
l1,2-dichloroethane
l1,1,1-trichlorocethane
carbon tetrachloride
Bromodichloromethane

Coelution ~1,2-dichloropropane
Set 1 _trans-l,3-dichloropropene
trichloroethylene
“benzene
Coelution chlorodibromomethane
Set 2 cis~1,3-dichloropropene

1.,1,2-trichloroethane

2-chloroethylvinyl ether
bromoform

Coelution “tetrachloroethylene
Set 3 _1.,1,2,2-tetrachlorcethane

toluene
chlorobenzene
ethylbenzene
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16.

17.

18.
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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) sample aliquot (ml) ml
For soil/sludge samples:
amount of compound (ng) ug
compound concentration = = --
(ug/kg) weight of sample (gm) kg

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)."

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). 1If present, these two compounds
will be quantitated using EPA Method 603.

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
QC/QA officer.
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VIII. OQUALITY 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
quality 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 D. (Presented are the statistical
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 performs 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 Agency, 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. Analyze four 5-mL aliquots of the well-mixed QC check
sample according to Chapter VII.

3. Calculate the average recovery (X)in ug/l, and the
standard deviation of the recovery (s) in ug/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-1l. If s and X for
‘all parameters of interest meet the acceptance criteria,
the system performance is acceptable and analysis of
actual samples can begin. 1If 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 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 beginning with Section B-2.
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Table VIII-1. Calibration and QC acceptance criteria

Renge for O | Limttors | Range tor X | Range P,
. Parameter .‘(?,;lu (ng/L) '(;?:IL) P, Ix)

15.2-248 43 10.2-32.0 42-172

14.7-25.3 4. 50-20) 13-159

101.7-28.3 16 3.4-245 D-t44

13.7-28.3 L X 116-25) 43-14)

14.4-2568 $0 10.2-27.4 J8-150

15.4-240 4.4 11.2-25.2 46127

120-200 (& 45-25% 14-188

15.0-250 45 12.4-240 49-12)

11.9-20.4 14 0-349 0-19

13.1-26.9 [ &) 7.0-351 24101

14.0-26.0 3 1.7-38.9 D-208

99-20.1 e 0.2-326 7-187

13.0-26.1 88 11.5-255 42-14)

166-222 32 11.2-246 47-132

14.3-25.7 $2 13.0-285 S1-147

126-21.4 [ X} 10.2-27) 28-107

tans-1,2.-Dichiorosthens. e 12.8-27.2 [ X] 11.4-27.1 Ja-15%
1.2 DI OPIOPEN ... reecrrvrrrr e e 14.8-252 $2 10.4-20.0 4158
as-1.3-Dxchioropropens 128-27.2 13 8.2-338 22-178
trans-1,3-Dichioropropene R 120-27.2 13 6.2-238 22-178
Melhylene CHONDS ........coerceeneoorresene B 15.5-245 w0 70-276 25-162
1,1.2.2-Teuachloroethane................ ... . 968-202 02 86-218 8-1684
Teuachioroethens Crevresaeersaeesasesnsrassns  iae sbessnerensenesises 140-26 0 $4 6.1-206 26-182
1.1.1-Tnchioroethane ...................... L eeeserssbeesssaennes 14.2-258 49 10.6-248 41-138
1.1.2-Tnchioroethans ...........cccvere. e, 15.7-243 39 9.6-254 0-136
Tnchioroethens 15.4-240 42 0.2-266 35-148
Tnchiorofuoromethane . 13.3-267 60 1.4-20.0 21-1%8
VU CHIONBO........ covier corevecnsiasnsnies o ae ecvessssssssssacessessssssstessmeanereres 13.7-26) 87 0.2-209 26-183
BONIONE ... . . oo re e e s hc 15.4-2¢8 4 100-228|  2-1%
Chiorobenzens .. 16.1-23.9 28 127-25.4 $5-138
1.2-Dxchlorobenzene 12.6-28.4 $o 106-27.6 37-154
1.3-Dxchiorobenzene prer e 145-258 $0 128-258 30-141
1.4 -DICHIOIODONTONG.....coee oo rrsesesenrs s ~ o 129-26.1 ss 11.6-255|  42-102
Etylbenzens ... 126-27.4 %} 100-262| 32-160
Tolvene .. .. 15.9-248 401 11.2-217 46-148

Q = Concentration measwed in QC check sample, in ug/L
= Slandard devialion of four fecovery messwements, m ug/L
l- Average tecovery lor four (ecovery messurements, in ug/L
P, P = Petcenl recovary messured
* Entena ware calculated assuming 8 OC check sample concenwaton of 20 ug/L.

’re
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C. ANALYSIS OF QUALITY CONTROL SPIKES

The laboratory, on an ongoing basis, spikes at least
10% 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:

l.

D.

An aliquot of a sample which has already been 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.

Analyze this spiked sample to determine 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.

Compare the percent recovery (P) for each parameter
with the corresponding OC acceptance criteria found in
Table VIII-1l. 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.

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 c¢riteria must be analyzed as described
in Section 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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QC check standard will be required is high. 1In
this case, the QC check standard is routinely
analyzed with the spiked sample.

1. Prepare the QC check standard. The QC check standard
: needs only to contain the parameters that failed
criteria in the test in Section C.

2. Analyze the QC check standard to determine the concen-
tration measured (A) of each parameter. Calculate
each percent recovery (Pg) as 100 (A/T)%, where T is
‘the true value of the standard concentration.

3. Compare the percent recovery (Pg) for each parameter
with the corresponding QC acceptance criteria found in
Table VIII-l. 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 regqula-~
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 to P + 2S5p. If p = 90% and S, = 10%, for example,
the accuracy interval gs expresed as 70-110%. 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 halocarbon. See Chapter
VI, Section A for the preparation of this surrogate.
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G. ADDITIONAL QC CHECKS

. The laboratory 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). X copy of this

procedure is attached as Appendix C.

The MDL for VOCs in aqueous and sludge/sediment samples as
determined by the laboratory based on historical data are
presented in Table IX-1l.

IX-1
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Table IX-1l. Minimum Detectable Levels of VOC's in Aqueous
and Solid Samples Based on Historical Data.

* COMPQUNDS MDL
Aquecus*|Solids
(ppb} (ug/kg)
acrolein 5 100
acrylonitrile S 100 f
benzene 0.2 20
bromodichlorcmethane 2 50
bremoform 4 H13)
bromcmethane 100 100
carbon_ tetrachloride 3 30
_Shlorcbenzene 0.2 20
chloroethane 100 100
chloroform 1 20
chloromethane 100 350
2-chioroethylvinyl ether 2 20
cis-l,3-dichlorcethylene 0.8 20
) cis-1l,3-dichloropropene Q.5 20
dibromochloromethane 2 20
l.l-dichlorcethane 0.5 20
1,2-dichiorcethane 0.5 20
l,l1-dichloroethylene 9.5 20
1,2-dichloropropane 0.5 20
ethvlbenzene 0.4 20
methylene chloride 0.2 20
_lLJ,Z.g-cotiachloroothano 0.5 20
tetrachlorcethylene 0.4 20
toluene 0.2 20
trans—-1l,2-dichlorcethylene 0.2 20
trans-1,3-dichloropropene 0.4 20
l,1,1-trichlorocethane 1 20
l1,1,2~-trichloroethane 0.5 20
trichlorcethylene 0.2 20 .
vinyl chloride 100 | 350
cis=1l,2-dichlorocethylene (Db) 0.5 (7 20 }

* Determined {n reagent water
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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-1l. For additional directions refer to the opera-
tions manual for the instrument.

Routine maintenance for the 7675A purge and trap samplér

should be carried out according to the schedule in Table X-2.
For additional directions, refer to the operatlons manual for
the instrument.

1)

2)

3)

4)

A. 5880 HEWLETT-PACKARD GAS CHROMATOGRAPH MAINTENANCE
MAINFRAME MAINTENANCE

The instrument's exterior should be wiped clean with a soft
cloth, dampened with warm 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.

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 without removing the panel.

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 excessively 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 plastic window.

-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 normally 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-1l. Maintenance - gas chromatograph

Type of Maintenance

Interval

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

Mainframe cleaning

Air filter cleaning
Terminal cleaning
Printhead cleaning

CTU cleaning

Flow leak check

Column conditioning
Moisture trap conditioning
Chemical trap conditioning
Septa change .

Injection port cleaning

FID cleaning

as needed
as peeded
as needed
as needed
weekly
daily

as needed
2 months
2 months
as needed
as needed

6 months
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Table X-2. Maintenance schedule - purge and trap

Type of Maintenance Interval
1) Repack Tenax trap as needed
2) Bake out Tenax trap ' daily
3) Turn lower valve daily




5)

6)

7)
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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 cm, but this should be enough for cleaning purposes.

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 surface at the
back of the transport. Take a dry swab, and wipe the head
clean with a back-and-forth motion (not an up-and-down
motion).

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. 1In this method, one attempts to
observe a pressure drop within sealed flow line. Some
leaks are thermally 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.

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.
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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 maxjmum
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

CONDITIONING MOISTURE TRAPS

All "S" shaped traps are designed to be easily conditioned or
regenérated. 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 gas flow rate to 60 ml/min. Then set.
the oven temperature to 350°C (for Molecular Sieve 5A%).
Condition overnight. '

CONDITIONING CHEMICAL FILTERS

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 systens,

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
temperature to 350°C. At the same time establish a gas
flow of 100 ml/mn through the filter. Condition the filtevr
for at least two hours.

If the conditioned filter is not for immediate use, cap
both ends (wrench tight) and store until needed.

X-5
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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:the injection
port to reach operating temperature and then hadn tighten
the septum retainers to a firm elastic fit.

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.

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 1lift 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 1l.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 remove.

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.

X-6
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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-ignitor)
assembly. Attach the J2 connector onto the detector bdard.
Be certain that the spring contact on the contact rod of
the detector board makes good connectlon 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

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" wrench and turning the top nut
counterclockwise. Pull the tube out of the trap.

e Loosen the bottom 1/16" fitting using two 5/16"
wrenches. Pull out the lower tube.

e 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 1/8" 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. 1If this
happens, the valve must be turned with a screwdriver. The
valves must be checked at least once each day.

<
1
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APPENDIX A

Troubleshooting Guide
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Appendix A. Troubleshooting guide

SYMPTCM SOURCE OF PROBLEM CORRECTIVE MANTENANCE
h 1. High baseline value - contaminated GC column - bake column
(>20) at 40°C
~ contaminated molecular - bake ocut large *S° trap
sieves on carrier gas on carrier gas tank
line regulator and small chemical
traps under top plate of GC.
2. Gradual elevation of « colum bleed - run a "colurm compensated”
baseline during run - baseline
~ bake cut colum longer
(especially if new)
3. Peaks in blank run = Tenax trap contamination| - bake cut Tenax trap on
vent cycle PeT
- make fresh reagent water
- contaminated watsr - impure reagent water
4, FPoor peak resolution - column deterioration - use new colum
5. Foor response/poor = Tenax trap deterioration| - repack the trap with new
response reproduci- . 60/80 mesh Tenax and con-
biliey dition trap
= leak in injection septa | - nplaca:scnca
= leak in plumbing ‘| = tightsn and check all
connections
- old standard
- use new standard
= dirty injection port
« clean poxt
= dirty column inlet
ad/cr autlet « clean inlet and cutlet
and reolace glass fiber
- improper gas flows colum plugs
= calibration standard = check all gas flows
below rocm temp. and correct when
nECeSsary
« warm standard in trap
bafore purge
§. No peaks - FID not ON - 2xn on
- Purge and trap valves - =yEn "sticky” valve
did not rotats during with screwdiver o
desced cycle locsen
= leak in Tenax cartridge | - tightsn and check
connections
7. Baseline spikes - dirty colum ~ bake column at 220° for
20-30 min.
8. PID does not ligf:\t - improper hy on air flow | - check and adjust flows
- leak ac base of FID - tighten FID -
|
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APPENDIX B

Standard Chromatogram (Purgeable A and B)
and ESTD Report

B-1
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APPENDIX B. Standard Chromatogram (Purgeable A and
and ESTD Report
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APPENDIX C

Definition and Procedure for the Determination

of the Method Detection Limit

c~1
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\ppendix B to Part 136—Definition and
Procsdure for the Determination of the
Method Detection Limit—Revision 111
Definition

The method detection limit (MDL) is
dafined as the minimum concentration of &
substance that can be measured and reported
with 99% conflidencs thst the analyte
concentratioa is greater than zero and is
determined from analysis of a sample in &
given matrix containing the analyta.

Scope and Application

This procedure is designed for lppllcabﬂny
to a wide variety of sample types ranging
from reagent (biank) water coataining .
analyte {0 wastewater containing andyu.
The MDL {or an anslytical procedure may
e i reqeires s campleta specifc, and

a comp
well defined analytical method. It is essential
that all sample steps of the -
analytical method be included in the
determination of the method detection limit.

The MDL obtained by this procadure is
used to judge the significance of a single
measurement of a future sample.

The MDL procedure was designed {or
spplicability to a broad variety of physical
and chemical methods. To accomplish this,
the procedure was made device- or
instrumaent-independent.

‘Yocedure

1. Make an estimate of the detection limit
using one of the following:

{a) The concentration value that
corresponds to an instrument signal/noise in
therange of 2Sto 8.

(b) The concentration equivalent of three
times the standard devistion of replicats
instrumental measurements of the analyte in
reagent water.

{c) That region of the standard curve where
thers is a significant change in sensitivity,
Le. a break in the slope of the standard
curve.

(d) Instrumental limitaticas.

It is recognized that the experience of the
analyst is impartant to this process,
However, the analyst must include the above
coasiderstions in the initial estimate of the -
. detection limit.

2 Prepare reagent (blank) water thet is as
free of analyte as possible. Reagent or
{nterferencs {ree water is defined as a water
sampie in which analyte and interferent
concentrations are not detected at the
method detection limit of each analyte of
interest [nterferences are defined as
systematic errors in the measured analytical
signal of an established procedure caused by
the presence of interfering species
(interferent). The interferent concantration is
presuppased to be normally distributed (n
representative samples of a given matrix.

3. (a} If the MDL is to be determined in

sgent (blank) water, prepare a laboratory

ndacd (analyte in reagent water) at a
sacsatration which is at leest equal to or in
the same concentration range as the
estimated method detection limit.
(Recommend between 1 and $ times the
;-u:utod method detection limiL) Proceed to
lep 4.

{b) i the MDL !s to be determined in
another sample matrix, analyze the sample. If
the messured level of the analyte is in the
recommended range of one to five imes the
estimated detection limit, procsed to Step 4.

{f the measured level of analyte is less than
the estimated detection limit, add a known
amount of analyte to bring the level of
analyte between one and five times the'
estimated detection limit, e

{f the messured level of analyte is greater
than five times the estimated detection limit,
there are two options.

(1) Obtaia angther sample with & lower
level of snalyte in the same matrix if .
possible.

(z)'nnunphmybcu-duhfor
determining the method detection limit if the
analyte level does oot exceed 10 times the
MDL of the snaiyte in resgent water. The
variancs of the analytical method changes as
the analyte concentratiod increases from the
MDL, hencs the MDL determined under these’
circumstances may not truly reflect method
varianca at lower analyte concentrations.

4. (a) Take a minimum of seven aliquots of
the sample lo be used to calculate the method
detectica limit and process each through the

_entire analytical method. Make all

computations according to the defined
method with final results in the method
reporting units. If a blank messurement is
required (o calculate the meaaured level of
enalyte, obtain a separate blank
messurement {or each sample aliquot
anslyzed. The everage blank measurement is.
subtracted from the respective sample
messurements.

{b} It may be economically and technically
desirable to evaluate the estimated method
detection limit before proceeding with 4a.
This wilk (1) Prevent repeating this entire
procedure whea the costs of analyses are
high and (2) insure that the procedure is being
conducted at the correct concentration. [t is
quite possible that an inflated MDL will be
calculated from data obtained st many times
the real MDL even though the level of analyte
{s less than five times the calculated method
detection limit. To insure thet the estimate of
the method detection limit is a good estimate.
it is necassary to determine that a lower
concentration of analyte will not resuit in &
significantly lower method detection limit.
Take two aliquots of the sampie to be ased to
caiculate the mathod detection limit and
process each through the eatire method,
including blank messurements as described
abave in 4a. Evaluate these data:

(1) If these measurements indicate the
sample is {n desirabla range for
determination of the MDL, take five
additional aliquots sad proceed. Use sll
seven measurements {or calculation of the
MOL

(2) If these measurements indicate the
sampie is aot in correct range, reestimate the
MDL, obtain new sampls as in 3 and repest
either 4a or 4b.

$. Calculata the vartance (S?) and standard
deviation (S)] of the replicate measurements,
g [ollows:

* calculated MDL and process the sampies

3o (B2

where: o .
X; imlton, - * are the analytical results in°
the final method reporting units ohuined
from the n sample aliquots and I refers
to the sum of the X values from || oo

6. (a) Compute the MDL as {allows:

.« -

MDL =

where:
MDL = the method detectioa limit
Ugtaw = o9 = the students’ t value =2
appropriate for & 99% confidencs level "
- and a standard deviation estimate with *
o-1 degrees of freedom. See Table. - ]

S = standard deviation of the replicata '

analyses.

{b) The 95% confidence interval estimates
for the MDL derived in 8a are computed
according to the following equations derived
from percentiles of the chi square over
degrees of freedom distribution (,*/df).

LCL = 0.564 MDL

UCL = 220 MDL :

where: LCL and UCL are the lower and

upper 95% confidence limits respectively
based on seven aliquots.

7. Optional iterative procedure to verify thc’
ressonsbleness of the estimate of the MDL
and subsequent MDL determinations.

{a) If this ie the initial attempt to compute -~
MDL based on the estimate of MDL - w
formulated in Step 1, take the MOL as
calculated in Step 6. spike *he matrix at the
caiculated MDL and proceea through the -
procedure starting with Step 4.

{b) I this is the second of later iteradion of ;
the MDL calculation, use S* from the current
MDL calculation and S* from the previous '.‘._.
MDL calculstion to compute the F-ratic. The.
F-ratio is calculated by subsdtuting the luger
S*into the numerator S and the ather into -
the denominator S%,. The computed F-ratio is-
then compared with the F-ratio {ound in the _; “
table which is 3.03 as followss if S%,/ ' .=
S, <1.08, then compute the pooied suud.ud

..

3 SanNRRROS

Kl
4

dcvudon by the following equation: : .4
- [ . +65%, ] w ! #
o 2 \

7
if S./S%> 3.0% respike at tho most rec-:nt
through the procedure starting with Step 4. If
the most recant calculated MOL does not
permit qualitative identification when j;“
sampies are spiked at that level, report the )
MDL as a concentration batween the current:
and previous MDL which permits qualitative]
identification.

(c) Use the S,y as calculated in TH ta g
compute the final MDL according to the -3
{ollowing equation: :

- v
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MDL=2.681 (S,uind
where 2881 is equal {0 tas, 1~ =.98).

(d) The 95% confidencs limits for MDL
derived in 7¢ are computed according to the
{ollowing equations derived from precentiles
of the chi squared over degrees of freedom
distribution. . .

LCL=072 MDL

. UCL =185 MDL
where LCL and UCL are the lower and upper
85% confidencs limits respectively based on
14 aliquota.
TABLES OF STUDENTS' t VALUES AT THE 99
PEACENT CONFIOENCE LEVEL
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The analytical method used must be
specifically identified by number or title and
the MDL for each analyte expressed in the
sppropriate method reporting units. If the
analytical method permits options which
eflect the method detection limit, these
conditions must be specified with the MDL
vaiue, The sample matrix used to determine
the MDL must alsc be identified with MDL
value. Report the mean analyte level with the
MDL and indicate if the MDL procedure was
iterated. If a laboratory standard or a sample
that coatained a known amount analyte was
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
excaed 10 times the MDL of the analyte in
reagent water, do not report a value for the .
MDL
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The Martin Marietta Environmental Systems (MMES) analytical
lab has implemented the following procedure to:

® Record and document historical QC data
. 9 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 determine if a
laboratory measurement system has become out of control. 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 1b, 2b, 3b, 4b, or 5b).

Check data for sensibility and completeness. Footnote
causes of outliers. 1In 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
basic 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,

5a, or 6a).

The following general formulas are used to determine means

and standard deviations:

For a sample with values Yy, Y3,...

Yi’-ocYN’
_ N
Y = (Z Y)/N
i=]1
N N
(£ Y2) - (£ Y)2/N
2 i=1 i=1
(SY) s eeeecessmoseama--
N-1
Statistic
S
(only for tables Rejection
N X la, 2a, and 5a) Level
N = the X = reported QC S = the standard |The QA/QC
number of value (e.g.., deviation for |coordinator
values from % recovery the QC values |shall set a
which the " RF) in the study rejection
calcula- X = the expected level. The
tions are QC value = rejection
made the mean of level is
X values from the proba-
which the bility that
acceptance good data
limits are will fail
calculated 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
splkes may vary according to the parameter concentration
in the unspiked sample). 1In 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 QC values are used to test accuracy:
® 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 factor

® the relatlve 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 response
factor for a calibration standard) to be considered accurate,
it must be acceptably close to its expected value. It is thus
- required that,

< t-S (1)

where

i, S = Values entered in Table la, 2a, 3a, 4a, 5a, 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-= (2,0
2 2.9 16-120f 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

From (1), the lower limit is X - t+S; the upper limit is 2+t s.

Precision limit: All the QC 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).

N=3 N=6 N=10 N=15 N=25

5% 4.3 2.6 2.3 2.1 2.1

Rejection 2,2 1.9 1.7 1.7 1.7
level

10% 2.9 2.0 1.8 1.8 1.7

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.

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: A
Lower Limit/Upper Limit (e.g., 5.11.C+.7/11.2.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.

m?
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STATISTICAL ACCEPTANCE CRITERIA FOR VOLATILE ORGANIC COMPOUND
ANALYSIS USING EPA METHOD 601/602 (SUMMARY TABLE)

Matrix (e.g., sludge, aquecus):

Acceptance limit(s) for: Sample-matrix Spiked-blank j’
Spike Reccveries Recoveries
(Table la) (Table 2a)

COMPOUND EPA MMES EPA MMES

bramcform

carbon tetrachloride

chlorobenzene #

chlorvethane J

chloroform

chlorcmethane

2-chlorcethylvinyl ether

¢is-1,3-dichlorcorcpens

dibromochloromethane

1 Ll-d_i;galcmr.ham

1,2~dichlorcethane

- -4t ]

1,1-dichlorcethyliene
1,2-dichlcrooropane
sthylbenzene

methylene chloride
1,1,2,2-cetrachlioroethane

tetrachlorcethylene

toluene

trans-1,2—dichlorcethylene

trans-1, 3-dichlorcethane

1,1,l-trichlorcethane

1,1, 2-trichlorcethane

trichlorcethylene

vinyl chloride

. e I T e L

-yt -
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Summary table continued

Acceptancs limit(s) for: .

Sample~matrix
Spike Recoveries
(Table la)

Spiked-blank
Recoveries
(Table 2a)

cis-1,2-dichloroethylene

Units

Date Undated/Initials

1l
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Summary table continued

 Accaptance limit(s) for:

Split-Duplicate
Pair RSDs
(Table 3a)

Instrument Calibration
Check RDs
(Table 4a)

COMPOUND

MMES

EPA MMES

acrolein

acrylonitrile

benzene

bromodichloromethane

bromcmethane

bramoform

|carbon tetrachloride

chlorobenzene

chlorcethane

chloroform

chloramsthane

2=chloroethylvinyl ether

cis-1,3-dichloroorooene

dibromochlorcmethane

1, l-dichlorcethane

1,2-dichlorcethans

1, 1-dichlorcethylene

1,2~dichlorcoropane

ethy ibenzene

mathylene chloride

1,1,2,2-tstrachlorvethane

tetrachloroethylene

toluene

trans-1,2—dichlorcethylene

trans-1, 3~-dichlorcethane

1,1,1=trichlorcethane

1,1,2-trichlorcethane

trichlorocethylene

vinyl chloride
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Summary table continued

Acceptance limit(s) for:

Split-Duplicate

Pair RSDs
(Table 3a)

Instrument Calibration
Check RDs
(Table 4a)

cis-1,2=~dichlorcethyiene

Units

Date Updated/Initials
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Summary table continued

Acceptance limit(s) for: Analyst-Ability-Check Analvst-Ability=Check
Mean Recoveries RSDs
(Table 3a) (Table 6a)

COMPOUND EPA MMES EPA MMES

acrolein

acrylonitrile

benzens

braomodichloromethane

bromcmethane

bromoform

carbon tetrachloride

chlorcbenzene

chlorvethane

chloroform

chloromathane

2=chlorcechylvinyl ether

cis=-1,3-dichloropropene
dibramochloromethane

1. l-dichlorcethane

1, 2~dichlorcethane

1, l-dichlorcethvlene

1, 2dichlorooropans

achvibenzene

methylene chloride

1,1,2,2=tetrachlorpethane

tetrachloroethylene

roluene

trans-1, 2~dichloroethylene

trans-1,3-dichlorcethane

1,1, l-trichlorcethane

1,1, 2=trichlorcethane

trichlorcethvlene

vinyl chloride
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Summary table continued

Acceptance limit(s) for:

Analyst-Ability—Check
Mean Recoveries
(Table Sa)

Analyst-Ability=Check
RSDs

(Table 6a)

cis=1,2-dichlorvethylens

g
g

Date Updated/Initials
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Table la. Statistics for sample-matrix spike recoveries

Matrix (e.g., aqueous, sludge):
Time period for which table is updated: to
Number of spiked samples:
Statistical Calculations: Generated by:
Checked by:

Camments:

Rejection
N Level

[V

COMPOUND

acrolein

acrylonitrile

benzene

bromodichlorcmethane {

brancmethane |

bramnoform L

carbon tetrachloride

chlorobenzene

! .
| chlorcethane | | N

chloroform

chlorcmethane

2~chloroethylvinvl ether

cis-1, 3-dichlorcpropene

dibromochloramethane

1,l1-dichloroethane

1,2-dichlorvethane

i
1l,l=-dichlorcethviene

1,2-dichloroprovane

ethylbenzene

'nnethylene chloride

¥

1,1,2,2=-tetrachlorcethane |

tetrach 1oroé:hvlene

toluene

trans-1, 2-dichlorocethylene {

V‘*"_F”'I-“F’“'T—m"'“")"‘“’r'vf‘_ I

| trans-1, 3=dichlorvethane L {

-~ r—trr--tr-r—tr-tr-tr-—-—+-t—r-—
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Table la. Continued

Rejection

CCMPOUND

1,1,l-trichlorcethane

1,1,2-trichlorcethane

trichlorcethvliene

—p——— —— ]

vinyl chloride

T
r

cis=-1l,2-dichlorcvethylene

|
f

iDate Uodated/Initials

b b e

Units for X, S:

NOTE:

N = mmber of spiked samples,
Rejection level = probability that good data will be rejected.

;(. the expected recovery (%) = the grand mean of the recoveries in the study.
5 = jrand standard deviation of the recoveries in the study.

Regression information (if used):
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Table 1lb. OQC/QA data sheet: recoveries of sample matrix spikes

Matrix (aquecus, sludge):

Martin Marietta spike
sample 1D

Analysis date

Spike standard used:{(3)

Sample lot (4 to #)

i

{Analyst/Data Check

i

Checked/footnoted for
outliers (initials)

I

First Second
QOMPOUND Recovery{A/Rl Recovery

Pirst

TFirst

Second |

A/R RecovezviA/R”

acrolein

l

acrylonitrile

li

benzene

i

brancdichlorcmethane

brarcmethane

bramoform

carbon tetrachloride

chlorcbenzene

i
!
|
l

chlorosthane

chloroform

chloromethane

2-chloroethylvinyl ether .

—

gis=1, 3~dichlorcoropene

dibromochloromethane

TR F

1, 1-dichloroethane

1, 2=dichlorcethane

1, l-dichlorcethyiene

1,2=dichl

athylbenzene

methylene chloride

S N O O e I I I

B L I

(a) gee Standards Notebook for detailed information.

(Continued)
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Continued

Martin Marietta spike
sample ID

COMPOUND

_
First

Pirst

First .
Recovery

1,1,2,2-tetrachlorcethane

tetrachlorvethylene

toluene

trans-1,2-dichlorcethylene

trans-1, 3-dichlorcethane

1,1, l=trichlorcethane

1,1, 2-trichlorcethane

trichloroethylene

vinyl chloride

cis=1,2=dichlorvethviene

S JUUNIS SSUNDN FUNNG VNN NN SN U NS SN SO S

I
1

('

e

S SR DU

Date Updated/Initials j
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Table 2a. Statistics for spiked-blank recoveries

Time period for which table is updated:

to

Number of spiked blanks:

Statistical Calculations: Generated by:

Checked by:

Comments:

Rejection

COMPOUND

PR

acrolein

acrylonitrile

benzene

bramodichloromethane

bromomethane

bramoform

carbon tetrachloride

chlorobenzene

chlorovethane

chloroform

chloramethane

2-chlorcethylvinyl ether

cis-1,3-dichloropropene

dibranochloramethane

1,1l-dichlorcethane

1,2-dichlorcethane

1,1l-dichlorcethvlene

1,2-dichloropropane

ethylbenzene

methylene chloride

1,1,2,2=tetrachlorcethane

tetrachlorcethylene }

toluene

trans-l, 2-dichloroetrylene(

trans-1,3~dichlorcethane

L
[

——

(A =1 myrars )
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Table 2a. (Continued)

Rejeétion

COMPOUND {

1,1,1-trichlorcethane

1,1,2-trichloroethane

trichlorcethylene

vinyl chloride

ARG R U TS S E—

¢is=1,2-dichloroethylene

b —

Date Updated/Initials J,

Units for X, S:

NOTE:

N = number of spiked blanks.

Rejection level = probability that good data will be rejected.

X, the expected recovery (%) = the grand mean of the recoveries in the study.
S = jrand standard deviation of the recoveries in the szudy.

Regression information (if used):
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QC/QA data sheet:

Matrix (aquecus, sludge):

recoveries of sample spiked blanks

Martin Marietta spike
sarple ID

Analysis date

Spike standard used:

Sample lot (4 to )

lAnalyst/Data Check
Checked/footnoted tor

cutliers (initials)

First

First

First
Recovery

COMFOUND

acrolein

acrylonitrile

benzene

bromodichloromechane T

bromomethane

e —

bromoform

caropon_tetrachloride

‘chlorcbenzene

— e

chloroethane

] e T

chloroform

chloramsthane

2-chloroethylvinyl ether

cis=-1, 3=dichlioropropens

dibramochloromethane

1, l=dichloroethane

R S PRSI DEDGINS ST SN WSS PR 1Y

1, 2-dichioroethane

1, 1-dichlorvethylene

1, 2=dichlorcoropane

ethylbenzene

methylene chloride

{
|
|
!
|
|
|

|
|
{
!
!

(a) see Standards Notebock for detailed information.

(Continued)
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|
Martin Marietta spike

sample 1D

| CoMPOUND

First

A/R

First
Recovery

First

Reccver:v;A./R

1,1,2,2-tetrachlorcethane

tetrachlorcethylene

toluene

trans-l,2-dichlorosthylene

trans~1, 3-dichlorosthane

1,1, l=trichlorcethane

1,1, 2=-trichlorcethane

trichloroethylene

vinyl chloride

gis=1,2-dichloroethylene

e R e e

—f— -..-r._.__.“_.r___._

. |Dace Updated/Inicials

—
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Table 3a. Statistics for duplicate

Step in process when samples are split:

Matrix (e.g., aquecus, sludge):

Time pericd for which table is updated:

Number of duplicate pairs:

Statistical Calculations: Generated by:

Checked by:

Comments:

Rejection
N Level

COMPOUND

214

acrolein

acrylonitrile

benzene

bromodichloramethane

bramxcmethane

bromoform

carbon tetrachloride

chlorobenzene

chlorcethane

chloroform

chlorcmethane

2-chlorocethylvinyl ether

¢is~1,3-dichloropropene

dibramochloromethane

1,l-dichlorcethane

1,2=dichlorcethane

1,1-dichlorcethylene

1,2-dichlorooropane

ethylbenzene

methylene chloride

1,1,2,2-tetrachlorcethane

tetrachlorcethylene

toluene

trans-1,2-dichlorcethylene
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Table 3a. (Continued)

Rejection R
N Level X
CQOMPOUND
1,1,l-trichlcrocethane
1l,1,2-trichicroethane
trichlorcethylene

vinyl chloride

cis-1,2=dichlorvethylene

Cate Uodated/Initials

Units for X, S:

NOTE:

N = mumber of split duplicate pairs.

Rajection level = probability that good data will be rejected.

X, the expected relative standard deviation (RSD) of the two values
of a duplicate pair = the grand mean of the RSDs in the study.

Regression information (if used):
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Table 3b. QC/QA data sheet:

duplicates

Matrix (aqueous, sludge):

relative standard deviations of

Martin Marietta sample
duplicate ID

Sample lot (4 o 4)

Analyst/data check

Checked/footnoted for

cutliers (initials)

Analysis dates:

Relative Standard

COMBOUND Deviation

Relative Standard
A/R Deviation

Relative Standard
Deviation

acrolein

acrylonitrile

bramoform

carbon tetrachloride

chiorobenzene

YT Y Y Y T

cniocroethane

chloroform

chloramathane

2=chioroethylvinyl ether

— 1111t

cis-1, 3=dichlorooropens

dibromochlorcmethane

1, I-dichloroethane

1,2=dichliorcethane

1, 1-dichlorcethylene

1, 2-dichiorcpropane

ethylbenzene L

f——3——

methviene chloride ’

(Continued)
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Table 3b. Continued

Martin Marietta sample

duplicate ID
Relative Standard Relative Standard Relative Standard
| COMBOUND Deviation Daviation Deviation

1.1,2,2=tetrachlorosthane

tetrachliorosthylene

toluene

trans=1,2-dichlorcethyiens

trans-], 3~dichlorcethans

1,1, 1-crichlorcethane

1,1,2=trichlorcethane

trichlorvethylene

vinvl chloride

m—

-~

cis=l,2=dichloroethylene

-y

f
l
[
f
I

———]

i
[t
'

4

Date Updated/Initials
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Table 4a, Statistics for instrument calibration checks

Instrument:
Time period for which table is updated: to
Number of calibration checks:
Statistical calculations: Generated by:
Checked by:
Coamments:
Internal Rejection ~
Standard N Level X
Used (ccde)
COMPOUND
acrolein
acrvlonitrile
benzene
bramodichloramethane
bromomethane
bramoform

carbon tetrachloride

chlorobenzene

chlorcethane

chloroform

chloromethane

2-chlorcethvlvinyl ether

cis=-1,3-dichloroprepene

dibromochlorcmethane

1,l-dichlorcethane

1,2=dichloroethane

1,l-dichlorcethylene

1,2-dichlorcorcpane

ethylbenzene

methylene chloride

1,1,2,2-tetrachlorcethane

tetrachlorcethylene

toluene

trans-1,2-dichlorcethylene

mramaa]l Tods ~hn 1 Averncn b bn o omen
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Table 4a. (Continued)

Internal Rejection ~
Standard N Lavel X
Used (code)
CCMPCUND
1,1,l-trichlorcethane
1,1,2-trichlorcethane
trichlorcethylene

vinyl chloride

cis-l,2-dichlorcethylene

Date Updated/Initials

N N N R NS PO R O A O A O N

Units for X, S:
INTERNAL STANDARD COCES:
(1)

(2)

N

NOTE:

N = number of calibration checks.

Rejection level = probability that good data will be rejected.

X, the expected relative deviation (RD) of a calibration check
response factor from the calibration curve response factor =

the grand mean of the RDs in the study.
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QC/QA data sheet:

relative deviation of calibration

check response factors from calibration curve response

Matrix (aquecus, sludge):

factors

Date when calibration
curve was determined

Analyst

Date of calibration check

Analyst

(a)
Calibration level checked

Checked/footnoted for
outliers (initials)

COMPOUND

Factor

Ral"atiw
Deviation
from Curve RFP

e
Factor

Relative
Deviation
fram Curve RF

Factor

Relative
Deviation
from Curve RF

acrolein

acrylonitrile

| penzene

ranodichloramethane

brancomethane

l

! premoform

i

jcarbon tetrachloride
i

chlorobenzene

chloroethane

—_—— e ]

chloroform

chloramethane

2—chloroethylvinyl ether

cis~1, 3-dichlorcoropene

dibramochloromethane

1,l1-dichlorcethane

1, 2-dichloroethane

1, 1-dichlorocethylene

1, 2=dichlorcoronane

ethylbenzene

jmethylene chloride

I

(a) Refer to SOP for WOC analysis (i.e., 1 = high, 2 = medium, 3 = low).

(Continued)
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‘lDate of calibration check

Relative Relative Relac_.:
{ Response Deviation Response Deviation Response Deviation
| QOMECUND Factor from Curve RF Factor from Curve RF Factor from Curve =5
1,1,2,2-tetrachlorcethane
tetrachliorcethvlene {
toluene
trans-1, 2=dichlorcethylene

trans-1, 3=dichloroethane L

1,1,l-trichloroethane

1.1,2-trichlorcethane

trichloroethylene

vinvl chloride j

L

cis-1,2-dichloroethylene

—— e [
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Table 5a. Statistics for analyst-ability-check mean recoveries

Time period for which table is updated: to
Number of analyst-ability checks:
Statistical Calculations: Generated by:
Checked by:
Comments:
Rejection N
N Level X S
CCMPOUND
acrolein
acrylonitrile
benzene
bromodichloramethane
bromomethane
bromoform

carbon tetrachloride

chlorobenzene

chloroethane

chloroform

chlorcmethane

2-chlorcethylvinyl ether

cis-l,3-dichlorcoropene

dibranochloramethane

1,l-dichloroethane

1,2-dichlorcethane {

1,1-dichlorcethylene ‘

1,2-dichlorcpropane

ethylbenzene

methylene chloride

1,1,2,2=-tetrachlorcethane

tetrachlorcethylene

toluene

trans-1,2-dichlorcethylene

trans—-1, 3=dichlorvethane

T T T 1

F—t—

(Continued)
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Table 5a. (Continued)

Rejection

CQOMPOUND

>

1,1,l-trichlorcethane

1l,1,2=-trichlorcethane

trichlorcethylene

vinyl chloride

cis=-1,2-dichlcroethylene

Date Updated/Initials

Units for X, S:

NOTE:
N = mmber of analyst-ability-checks.
Rejection level = probability that good data will be rejected.

‘.;(, the expected mean recovery (%) from the four aliquots =
the grand mean of all mean reccveries in the sctudy.

3 = grand standard deviation of the mean recoveries in the study




Table 5b. QC data-sheet:

means and standard deviations of recove
ability checks (used to generate Tables 5a and 6a)

ries in analyst-

Analyst

Analysis date

Nuwber of checks analyst
has taken {(total)

QOMPOUND

Mean Recovery

A/R

Standard -
Deviation
of Recoveries

Mean Recovery

A/R

Standard
Deviation
of Recoveries

Mean Recovery

Standard
Deviation

A/R] of Recoveries |A/R

acrolein

acrylonitrile

benzene

bromodichloromsthane

bromomethane

bramoform

carbon tetrachloride

chlorobenzene

chloroethane

chloroform

chloromethane

2-chloroethylvinyl ether

cis-1, 3-dichloropropene

dibramochloramethane

1, 1-dichloroethane

1, 2-dichloroethane

1, }=dichloroethylene

1, 2-dichloropropane

ethylbenzene

methylene chloride

(Continued)

SWBlSAG |PILAILOLIAUTY eNBLIBY UILIe|



Table 5b.

-

Continued

Analyst S
Standard Standard
Deviation Deviation

QDMPOUND Hean Recovery A/R} of Recoveries Mean Recovery A/R}I of Recoveries

e R PES P

|

Mean Recovery

AR

Standard
Deviation
of Recoveries

1,1,2,2-tetrachloroethane

tetrachlorcethylene

toluene

trans-1, 2-dichloroethylene

trans-1, 3-dichloroethane

1,1, 1-trichlorosthane

1,1,2-trichloroethane

trichloroethylene

vinyl chloride

cis-), 2-dichloroethylene

Date Updated/Initials
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Table 6a. Statistics for analyst-ability-check relative
standard deviations

Time period for which table is updated: to

Number of analyst-ability checks:
Statistical Calculations: Generated by:
Checked by:

Camments:

Rejection

COMPOUND

acrolein

acrylonitrile

benzene

brancdichlorcmethane

bramomethane

bramoform

carbon tetrachloride 5

chlorobenzene

chlorcethane

chloroform

chloramethane

2=chlorcethylvinyl ether

cis-1,3~dichlorcpropene

dibromochloramethane

1,l=-dichlorcethane

1,2-dichloroethane

1,l-dichlorcethylene

1,2-dichlorcorcoane

ethylbenzene

methylene chloride

1,1,2,2-tatrachloroethane

tetrachlorcethylene

toluene

trans-1,2-dichlorcethvlene

F———1—

trans-1, 3-dichlorcethane
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Table 6a. (Continued)

Rejection ~
N Level X
CCMPOUND
1,1,1-trichlorcethane
11,1,2-trichlorcethane
trichlorcethylene

vinyl chloride

cis~-1,2-dichlorcethylene

Date Updated/Initials

Units for X, S:

NOTE:
N = mmber of analyst-ability-checks.
Rejection level = probability that good data will be rejected.

X, the expected relative standard deviation (RSD) of the
racoveries of the four aliquots = the grand mean of all
the RSDs in the study.
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STANDARD OPERATING PRCCEDURE FOR THE ANALYSIS OF

BASE/NEUTRAL AND ACID EXTRACTABLE COMPOUNDS FROM WATER,

WASTEWATER, SLUDGES AND SOILS

l. 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, a 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 using 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.



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 (110°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:
ih 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.

e Grab sample bottle==1-L or l=-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.

0 Soxhlet extractor: 40-mm I.D., with 500-ml round-
bottom flask.

e Lab-Line Multi Unit Extraction heater, Lab-Line
Instruments, Inc., Melrose Park, IL, Model No.
5000, Serial No. 0385-0107.

¢ Continuous liquid-ligquid 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, 1Smm 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



@ Snyder column, Kuderna-Danish--Two-ball micro

e Vials--10 to 15 mL, wrapped in foil, with Teflon-lined
screw cap.

Other Methods

® Sonicator-—-cell disruptor 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 (110°C) overnight.

Boiling chips--solvent extracted, approximately 10/40
mesh

® Water bath--Heated, with concentric ring cover, capable
of temperature control (*2°C). The bath should be
used in a hood. .

@ Balance--Analytical, capable of accurately weighing
0.0001 g.

®© AGATE pestle and mortar

Instrumentation

® 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 ul 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 um 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.



Table 1. DFTPP Key Masses and Abundance Criteria

Mass m/2 Abundance a'nonl

51 | 30-60 percent of mass 198.

68 | Less than 2 percent of mass 68,

70 | Less than 2 percent of mass 69.
127 | 40-80 percent of mass 198.

197 | Less then § percent of mass 198.
198 | Base peek, 100 percent relative abundance.
199 | 5-9 percent of mass 198..

275 | 10-30 percent of mass 198,

365 | Greater than 1 percent of mass 198.
441 | Prasent but less then mass 443,
442 | Greater than 40 percent of mass 198,
443 | 17-23 percent of mass 442




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 50 ng per injection for each of the
parameters of interest and achieves all acceptable performance
criteria (Section 8).

Data system (DS)--~a Hewlett Packard 9825T 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

@ Reagent water--Reagent water is defined as water in
which an inteference is not observed at the MDL of the
parameters of interest.

© Sodium hydroxide solution (10 N)--Dissolve 40 g of NaOH
(ACS) in reagent water and dilute to 100 mL.

06 Sodium thiosulfate-=(ACS) Granular.

® Sulfuric acid (l1+l1l)--Slowly, add 50 ml of H2SO4 (ACS,
sp. gr. 1.84) to SO0 mL of reagent water.

o Acetone, methanol, methylene chloride, n-hexane--pesticide
quality or equivalent.

® Sodium sulfate=-(ACS) Granular, anhydrous. Purify by
heating at 110°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,



Table 2.

Stock solutions for acid/base/neutral analysis

Supelpreme-HC Phenols
Mix (2000 ug/ml each
in cH2C1R)

Cat. § 4-8904

Supelpreme-HC Base~

Neutrals Mix 1 (2000 pg/nl

each in CH)Cl,
Cat. # 4-8900

Supelpreme-HC Base—
Neutrals Mix 2 (2000 uq/ml
each in CHyC13)

Cat. § 4-8901

Supelpreme—HC
Benzidines Mix
(2000 wg/ml each in
Methanol)
Cat. § 4-8906

Supelpreme~-HC
Polynuclear Aromatic
Hydrocarbons Mix

(2000 ug/ml each in
CH)Cl21benzene, 50350)
Cat. # 4-8905

Phenol

2-chlorophenol
2-nitrophenol
2,4-dimethylphenol
2,4-dichlorophenol
4-chloro-3-methylphenol
4-nitrophenol
2,4dinitrophencl
2,4,6-trichlorophenol
2-methyl-4, 6~dinitrophenol
pentachlorophenol

Bis(2-chloroethoxy )methane
Bis(2-chloroethyl)ether
Bis(2-ethylhexyl)phthalate
Bia(2-chloroisopropyl )ether
4-Branophenylphenyl ether
Butyl benzyl phthalate
4-Chlorophenylphenyl ether
Diethyl phthalate

Dimethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
N-Nitrosodiphenylamine

Azobenzene
2-Chloronaphthalene
1,2-Dichlorcbenzene
1,3-hichlorobenzene
1,4-Dichlorobenzene
2,4-binitrotoluene
2,6-Dinitrotoluene
Hexachlorobenzene
Hexachlorohutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Isophorone
Nitrobenzene
1,2,4-Trichlorobenzene

benzidine
3,3-dichlorobenzidine

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b) fluoranthene
Renzo(ghi )perylene
Benzo(k ) £luoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene

Fluorene
Indenol(1,2.3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene

Surrogate Stock Solutions

Intermal Standard Stock Solutions

Naphthalene—dgs 2000 pg/ml, Cat. #4-8715 Anil
Phenol—dg: 2000 ug/ml, Cat. §4-8716
Phenanthrene-d)gs 2000 ug/ml, Cat. #4-8710
Nitrobenzene—dss 2000 ug/ml, Cat. #4-8717

Supelpreme-HC ISTD Mix:

Ac

1-Fluoronaphthalene:

86 trals
ine—ds:

OR

contains: anthracene—d)g

chrysene-d) 2

2000 uq/ml, Cat. $4-8788
2000 ug/ml, Cat. §4-8720
benz(a)anthracene-dy2: 2000 pug/ml, Cat. #4-8789

4000 pug/ml each, Cat. #4-8902

1,4-dichlorobenzene-dy

naphthalene—dg
perylene-dy 3

phenanthrene-d)p

id Extractables

1-fluorophenol
2,4,6-tribramophenol

pentaf luorophenol



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 ug/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 program.
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 1L.

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>1l with sodium hydroxide solution.



Add 60 mL of methylene chloride to the sample bottle,
seal, and shake for 30 s 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 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 agqueous phase to less than 2 using
sulfuric acid. Serially extract the acidified agueous 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 c¢m 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



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

10



Condenser

\

Controi Rod F \ ‘

S

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 Ruderna-Danish 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-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 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-D apparatus and allow it to drain for at least 10
minutes while cooling. Rinse the K-D 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.

12



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 minutes. 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/methylene 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. 1If 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 condensor 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 of the
extracting solvent. Add 1 or 2 clean boiling beads 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 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 1 ml, remove the K-D 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.

® 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 AUTUNE. 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: O 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. 1If 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 require 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 ulL (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. 1If 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 DS 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 (one for the acid fraction and two for the
base/neutral fraction) at a concentratoin of 40ug/ml
in methanol. Addition of 1.0 ml of this solution to
1000 ml of sample is equivalent to a concentration of
40ug/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
200ug/ml ISTD solution. The concentration of ISTD
in all samples, standards and blanks should be 1000ug/L.
Just prior to GC/MS analysis, inject 50ul 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.

e 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 1l: Inject 25ul 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 1l). 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 l: Inject 50ul 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 1ll. 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.

(As)(Cis)

RF

(Ais)(Cs)

Ag = Area of the characteristic m/z for the parameter to
be measured

Ajg = Area of the characteristic m/z for the internal
standard.

Concentration of the internal standard (ug/L).

Cgs = 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 Spectrometric

(MS) Operating Conditions for Analysis of Acid
and Base/Neutral Extractables.

Base/ Acid
Neutral extractables
GC
Temperature 1 (°C) 30 30
Time 1 (min) 0.0 1.0
Rate (°C/min) 7.0 12.0
Temperature 2 (°C) 300 250
Time 2 (min) 20.0 15.0
Head pressure (psi) 10 10
Injection port temp (°C) 250 150
Purge off time (splitless) 0.7 0.8
(min)
Carrier gas flow
M_S. '
Detector on at (min) 2.50 2.50
Detector off at (min) 50.0 25.0
Mass peak detector threshold 10.0 10.0
(linear counts)
Scan speed (amu/sec.) 690 690
Electron multiplier (volts) 1400 1400
GC peak detector threshold 800 800
' (counts)
Delay between scans in save- 0.30 0.10
all mode (sec)
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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
acenaphthylene 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
1l,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 23.438 178 179, 176
di-n-butylphthalate 26.06 149 150, 104
fluoranthene 27.56 202 101, 100
pyrene 28,28 202 101, 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(1,2,3=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
aniline-ds 98 70,71
l=-fluoronaphthalene 146 147,73
phenanthrene-~djg 188 189,186
benzo(a)anthracene-dj» 240 238,241
Surrogates

naphthalene-dg 136 137.135
4-fluorcaniline : 111 83,84




Table 5,

Acid Extractable Compounds

Characteristic Masses, (MDL), and Rétention Times of

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-dichlorophenocl 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
l-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, Ag/Ajg, Vvs. 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: Pyrene'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 response 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.

ll. 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, and only stripped spectra will
be recorded. Also, remember that writing the GC parameters on
the DS does not automatically set the GC itself. See pp.l0 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 on the
DS, the system is ready to accept data from the MSD. Refer to
pp. 1l1-16 of ref. 4 and pp. 31-37 of ref. 2 for more details
concerning program SCAN.

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 f5 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 will contain the primary characteristic ion
which must be quantitated. Two methods are required for
base/neutral and one method is required for acid extract-
ables. 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 (Q0) or Sim (1) data file: (0)

Start at channel: (1)

Stop at channel: (enter last channel # 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)
# 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. 1In 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 "# 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 #3 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 #2 (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 # of INT file? (3)

# 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?(0)
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 progqram RE20, or Ion Reconstruct
(pp. 30-39, ref.2). Answer prompts as follows:

Procedure? (x)

Return to Manager? (0)
Drive # of PDATA? (1)

First spectrum #? (see note)
Last spectrum #? (see note)
Last Disc #? (1)

Trace 1l#? (primary ion)
Trace 2? (secondary ion)
Trace 3? (secondary ion)
Full scale (100)

Smoothing (0)
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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:

o 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 220% 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

(As) (Mis)

Conc (ul)=
(Aig) (RF)(Vy)

in which

Ag = Area of the primary ion for the parameter of interest in
the sample.

Mjg = Mass (ug) of the ISTD in the sample
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Ajg = Area of primary ion for the ISTD in the sample

RF RF for parameter of interest

Vo 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 qQquality 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.

Qverview

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
safequard 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.

o The leboratory 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 ANALYSIS

Cliene: GC Columns
Analyse: EM Voltage:

Data Check:

Analysis Date

MMES 1D

|_Client ID

Original Sample Voluze (ml)
or Mass (gq)

Extract Volume (ml)

j Nenitrosedimechylamine

Pinal Concentration (pob)
nas concentration (poD)

Dis(2-chlorcechyl)echer

| 1, -dichiorobenzene

1 4=dichlorobenzene
_1.2=dichlorobenzene

bis({2=-chloroisoprooyl)ether

Nenitrogodi-n=orocpylamine

hexachlorgethane

nizrobenzane

_isophorone

bis(2=chlorcethoxy)methane

| 1.2 . 4=vrichlorodenzene

napthalene

hexachlorsbutadiene

hexachlozrocvcooentadiene

2=chloronaphthalene

dimethviphthalate

acsnaphthylene

2,6=dinitzrotoluane

acenaphchens

2.4=dinizrotgluene

diethvylphchalace

_fluorene

| _4=chlorophenvl phenyl ether

N-nitrosodiphenylamine

azobenzsne

| _4=bromophenylphenylether

llexaciilorobenzene

phenanthrene

anchracsne

di-a=butylphthalace

fluoranthene

benzidene

e°nie

bueyl beazyl ohehalate

Denzo(a)anthzacene

3.3=dichlorobenzidine

chrysene

Dig{2-echv]l hexvl) shtalace

di-a=ogsyl ohehalace

Benzo(b)fluocranchene

penzo(k)flursanchene

_Denzola)ovrene

indeno(l.2,3=¢,d)ovrene

dinenzo(a,d)anchracene

senzo{g,N)peryliene




Acid Extractable Data

pg ____of __
Client: : GC Column:
Analyst: EM Voltage:
Data Check: Surrogate:

Analysis Date

MMES ID

Client ID

Sampling Date

Original Sample Vol(ml) or Mass(qg)

Extract Volume(ml)

Final Concentration

(ppb)

phenol

2—-nitrophenol

2,4—dimethylphenol

2,4—dichlorophenol

4—chloro-3-methvlphenol

2,4,6-trichlorcohenol

2,4-dinitrophenol

4-nitrophenol

2-methyl-4,6—dinitrophencl

pentachlorophenol

3 Recovery of Surrcgate:

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 Iaboratory 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 regquired 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 ug/L by adding 1.00 mL of QC check sample concentrate to
to each of four 1L 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 ug/L, and the
standard deviation of the recovery(s) in ug/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.

“2Q



Table 6. QC Acceptance Criteria - Method 625

Test conclusion | Limits for 8 for X{ug/ for P, P,
‘ Parameter (wo/V U g/ | Range [§] R.'('3.-\=-m)
4 B
Acenaphthene 100 78 60.1-132.3 47145
Acenaghtyl 100 402 515-126.0 3-148
Aldrin . 100 00 7.2-1522 D-168
A 100 20 43.4-1180 7-133
Benzola)er 100 18 41.8.1330 -143
Benzo®)ucranthens. 100 388 42.0-140.4 24-1%%
Serzo(k)fuos 100 323 25.2-1447 11-162
v 100 00 31.7-1480 17-163
Beraaighipery 100 ELX ] 0-198.0 D=-219
Sercyl tuty! phthaiate. 100 24 O=-129.9 0-182
$BHC . 100 ns 41.35-1048 4149
»-8HC. 100 b3k ] 0-100.0 O=-110
Sia(2-chioroetyl) 100 550 429-126.0 12-158
Bin(2-cricx y) 100 MS 49.2-164.7 3-184
Bin(2-chioreisopropyl) 100 443 02.8-138.8 M-168
Bis(2-stryihexyNiphthaiete. 100 a9 28.9-130.8 8158
48romophenyl pheryl sthar 100 290 S4.9=114.4 =127
2-Chioronaphthelens 100 120 64.5-112.5 0=118
4Chicraphenyl phernyl ether. 100 N4 Ma-1447 29-158
Chry 100 443 “41-130.9 17-108
44000 100 3o 0-134.5 O=148
4,4°-D0€ 100 20 19.2-119.7 4=138
4,4'00T. 100 a1e 0-1706 0203
Oiderzoia.h) 100 7.0 0-199.7 0-227
Oburv-ustyd piveny 100 147 841110 1-118
1.2-Dh 100 0.9 48.6-112.0 22-129
1.3-Oi 100 4.7 16.7-153.9 D=-172
1.4,-0k 100 321 37.3-104.7 20124
31.3-On NS, 100 714 8.2-2125 0-282
Oieicrin 100 0.7 431193 20-128
Diattwyi pivthaiate. 100 28 0=100.0 O-114
Oirnatwl pivthel 100 22 0-100.0 D112
2,4-Oinirctivens. 100 218 47.5-128.9 39-129
2.6-Oirv 100 Fo X ] 6811387 50-158
Okn-octyip | 100 | 34 10.6-131.8 a8
& 4 state 100 16.7 0-103.5 0~107
Endrin aid 100 325 O-188.8 0-200
R 100 e 429-121.3 26137
F 100 2.7 71.6-108.4 59-121
100 72 O=-1722 O=-192
Hep 3 100 54.7 70.9-100.4 20-185
Hexachiorod 100 249 7.6-141.% O-152
Lo saciens 100 203 37.6-102.2 24=11€
Hexachior 100 24.9 $8.2-100.0 40-113
{1.2.3-cfipyrens 100 4“6 0-150.9 O-171
aophorae. 100 [~ %] 44.5-180.2 21-198
Nagp 100 .t 35.6~110.8 21-133
Nivobenzens : 100 393 54.3-157.68 35180
N-Nrosod-n-propy 100 $8.4 13.6-1979 0-230
g_cs-uzeo 100 542 19.3-121.0 0164
P 100 28 68.2-108.7 $4-120
vy 100 232 08.6-100.0 52-118
1,2.4-T 100 2.1 §73-129.2 4d=142
4-Chioro-3-methyiphencl. 100 72 40.8-1279 22-147
2-Chiaraphenci. 100 a7 26.2-120.4 2134
zw 100 24 52.5-121.7 2-138
2. 4-Dimetvyip 100 2.1 41.6~100.0 2-119
zw - 100 400 O-1729 O~191
ZM"‘;“ ot 100 ®”2 43.0-100.0 O=181
2-Nivo 100 82 45.0-1007 %182
4-Nwophenol. 100 4712 13.0-108.5 O-132
Pertachiorophenal. 100 @9 M.1-151.8 14178
- 100 28 16.6-100.0 112
2.48-T o 100 nsz 241202 37144

= Rrarage recovery 1o 1o recavey meemamania: ot (Sac 24

P, P-Pmmm(smouml
D=detected; remut must be greater Man 2erd.

l-l-‘l'h-namnhad Y the d data in Table 7. Where , the lmea for
ml per necessary, recgvery have been rosdensd 1D seese sppicabilty of The Wre 16

Concenrations beiow those used o
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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:

l. 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
requlatory 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 ug/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 concentrate 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 acceptance criteria 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 ug/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. 1In this case the QC 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 (Pg) as 100 (A/T)%, where T is the true value of
the standard concentration.

Compare the percent recovery (Pg) 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
(P) and the standard deviation of the percent recovery (s_).
Express the accuracy assessment as a percent interval froR B-2s
to P+2s If P=90% and s_ =10%, for example, the accuracy P
1nterva? is expressed asp70-110%. 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.

1l4. 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/MSs. 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.
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Table 7. Method Accuracy and Precision as Functions of
Concentration - Method 625
Accurecy, s Single Overall preceson,
Parameter . X (ug/ | precimon, &' (ug/ g
mb b S (ug/U)

Acenapivty 0.96C +0.19 0.18R-0.12 0.21%~0.67
Acenaphty 0.80C+0.74 0.24% - 1.08 0.26%.0.54
Adrin 0.78C+ 1.08 027R-128 0.43%41.13
Antre 0.80C +0.68 021R-0.32 0.272~0.64
Senzo(a) 0.88C - 0.00 015%+0.83 0.20%-0.29
Senzo(bif 0.93C - 1.80 0228 +0.43 0.20R +0.98
Berzo(kif 0.87C-1.58 0198+ 1.03 0.35% +0.40
Benzo(aipyrens 0.90C-0.13 0228 +0.48 0328 +1.28
Serco(ghilperyt 0.96C-0.08 0.20R+2.40 0.81%-0.44
Berzyt butyt of 0.66C - 1.60 0188 +0.94 0.53% +0.92
2-8HC 0.67C-0.04 0208 -0.58 0.30% - 1.94
$-8HC. 0.29C-1.00 0342 +0.08 0.53%-0.17
Sin(2-chioroethy) 0.00C - 1.54 0.352-0.99 0.35%+0.10
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Table 8. Preventive Maintenance Schedule

When Ref., Page
ec
nightly change injection port septa 5
nightly oven temp. and inj. port temp.
at 150°C - -
2 mos condition trap 5
4F-3
2 mos chemical filter conditioning 5
3 mos clean inj. port liner 5 4F-12
weekly check He. pressure and change
tank when pressure <400psi 5 -
as needed condition S-trap on carrier gas
(whenever he. tank is changed) 5 4F-1
as needed condition new speta at 250°C for
12 hours - -
as needed clean inj. port gas inlet tube 5 4Fr-11
as needed install new moisture trap after
8-10 condition ings as needed 5
as needed when he. tank is changed or new
¢column installed run a column
flow check (see section 10) - -
MSD/DS
daily turn off gauge controller when
not in use - -
daily run program START 2 7
daily run Autotune and quickscan 2 20,29
wekly check 0il level in rough pump.
Add oil if not 1/2 full - -
3 mos check and refill calibration
vial with PFTBA 3 5-6
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Table 8. Continued
When Ref. Page

6 mos change o0il in rough & turbo-

moleaular pumps 3 §-2,5-4

clean ion source

as needed back up all pertinent data

using data tape cartridges 2 60
as needed replace worn or broken filaments 3 5-27
as needed update library and current

drive configuration

(file hard copies) 2 -
as needed replace electron multiplier

(approx every 18-24

months depending on use) 3 5-30
3 mos clean fans and air filters in

HP 9825T computer, 9134A

Winchester, and 2671G

Printer - -
3 mos clean tape transport head in

9825T Desktop computer - -
as needed run calculator tests for 9825T

computer using Systems Test

cartridge (09825-90036) 6 1

MISCELLANEOQUS

monthly check inventory of spare parts

and order back-up supplies
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Appendix A: Reference File

(1)

(2)

(3)
(4)
(S)
(6)
(7)

(8)

(9)

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.

Operator's Manual, Disc—-Based Software in the HP 9134A
Winchester Disc Drive for the HP 5970A Mass Selective
Detector. ’

HP 5970A Mass Selective Detector Reference Manual.

HP 5970A Mass Selective Detector Operator's Manual.

HP 5790A Gas Chromatograph Reference Manual.

HP 5790A Gas Chromatograph User's Manual.

U.S. EPA 1984, Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, SW 846, 2nd Ed.

Federal Register, Vol. 49 No. 209/Fri. Oct. 26, 1984,
Rules and Regulations

Martin Marietta Waste Analysis Plan
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Appendix B: Disk Operating System Options (Rev 1/14/83)

# CODE NAME DESCRIPTION
1 AU AUTUNE AUTOTUNE
2 ov OVRIDE OVERRIDE
*kkkkt* SCANNING PROGRAMS ***kkik
3 sC SCAN ACQUIRE SCANNED DATA
4 Qs OKSCN QUICK SCAN WITH PLOT AND TAB
5 PT PLOTAB PLOT and TABULATE SPECTRA
7 RE2 RE20 ION RECONSTRUCTION OF CHROMATAGRAMS
8 XSP XYSPEC PLOT SPECTRA ON X/Y PLOTTER
9 XP XYPLOT RECONSTRUCT CHROMATOGRAMS ON XY
PLOTTER
10 SY SYNTH SUBTRACT AND SYNTHESIZE SPECTRA
11 LS LIBSER LIBRARY SEARCH
12 LE LIBED ADD, REPLACE, AND SHOW LIBRARY SPECTRA
13 LM LIBMOD MODIFY MISCELLANEQOUS LIBRARY PARAMETERS
15 Co COMMUN COMMUNICATIONS PROGRAM FOR REMOTE
COMPUTERS
de e dehedeh R S.I.M. PROGRAMS dededefedeh i
20 SI SIM ACQUIRE SIM DATA
22 s2 SIM20I ION RECONSTRUCTION OF SIM DATA
23 XS XYSIM PLOT SIM DATA ON X/Y PLOTTER
*xxkkkk* TINTEGRATION/QUANTITATION PROGRAMS *****x*x%

44 IN INTGTR INTEGRATOR (SCAN/SIM DATA)
45 IE INTEDT INTEGRATOR METHOD EDITOR
46 IR INTRPT INTEGRATOR REPORT GENERATOR
47 Qu QUANT QUANTITATION (Norm. ESTD, ISTD)
48 REPL REPLAY INTEGRATION METHOD PLOT

k****** GENERAL PURPOSE PROGRAMS ******%*
30 DM DMARK DISK MARKING PROGRAM
35 PR PROCED PROCEDURE EDITING PROGRAM
36 NM NORMOD 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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- Appendix B to Part 136—Definition and-.

Procedure for the Determination of the
Maethod Detection Limit—Revision 1.11

o
- o memes T

The method detection limit (MDL) is
defined as the minimum concentration of a
substance that can be measured and reported
with 99% confidence that the analyte
concentration is greater than zero and is
determined from analysis of a sample ina
given matrix containing the analyte.

Scope and Application

This procedure is designed for applicability
to a wide variety of sample types ranging
from reagent (blank) water containing
analyte to wastewater containing analyte.
The MDL for an analytical procedure may
vary as a function of sample type. The
procedure requires a complete, specific, and
well defined analytical method. It is essential
that all sample processing steps of the
analytical method be included in the
determination of the method detection limit.

The MDL obtained by this procedure is
used to judge the significance of a single
measurement of a future sample.

The MDL procedure was designed for
applicability to a broad variety of physical
and chemical methods. To accomplish this,
the procedure was made device- or
instrument-independent.

Procedure

1. Make an estimate of the detection limit
using one of the following:

(a) The concentration value that
corresponds to an instrument signal/noise in
the range of 2.5 to §.

(b) The concentration equivalent of three
times the standard deviation of replicate
instrumental measurements of the analyte in
reagent water.

(c) That region of the standard curve where
there is a significant change in sensitivity.
i.e. a break in the siope of the standard
curve.

{d) Instrumental limitations.

It is recognized that the experience of the
analyst is important to this process.
However, the analyst must include the above
considerations in the initial estimate of the
detection limit.

2 Prepare reagent (blank) water that is as
fres of analyte as possible. Reagent or
interference {ree watar is defined as a water
sample in which analyte and interferent
concentrations are not detected at the
method detection limit of each analyte of
interest. Interferences are defined as
systematic errors in the measured analytical
signal of an established procedure caused by
the presence of interfering species
(interferent]. The interferent concantration is
presupposed to be normaily distributed in
representative samples of a given matrix.

3. (a) If the MDL is to be determined in
reagent (blank) water, prepare a laboratory
standard (analyte in reagent water) at a
concentration which is at least equal to or in
the same concentration range as the
estimated method detection limit.
(Recommend between 1 and 5 times the
estimated method detection limit.) Proceed to
Step 4.

(b) If the MDL is to be determined in
another sample matrix, analyze the sample. If
the measured level of the analyte is in the

7/

—_— -/ recommended range of one to five times the

estimated detection limit, proceed to Step 4.

If the measured level of analyte is less than
the estimated detection limit, add a known
amount of analyte to bring the level of
analyte between one and five times the
estimated detection limit.

If the measured level of analyte is greater
than five times the estimated detection limit,
there are two options.

(1) Obtain another sample with a lower
level of analyte in the same matrix if
possible.

(2) The sample may be used as is for
determining the method detection limit if the
analyte level does not excsed 10 times the
MDL of the analyte in reagent water. The
variance of the analytical method changes as
the analyte concentration increases {rom the
MDL, hence the MDL determined under these
circumstances may not truly reflect method
variance at lower analyte concentrations.

4. (a) Take a minimum of seven aliquots of
the sample to be used to calculate the method
detection limit and process each through the
entire analytical method. Make all
computations according to the defined
method with final results in the method
reporting units. [{ a blank measurement is
required to calculate the measured leve] of
analyte. obtain a separate blank
measurement for each sample aliquot
analyzed. The average blank measurement is
subtracted from the respective sample
measurements.

(b) It may be economically and technically
desirable to evaluate the estimated method
detection limit before proceeding with 4a.
This will: (1) Prevent repeating this entire
procedure when the costs of analyses are
high and (2} insure that the procedure is being
conducted at the correct concentration. It is
quite possible that an inflated MDL will be
calculated from data obtained at many times
the real MDL even though the levei of analyte
is less than five times the calculated method
detection limit. To insure that the estimate of
the method detection limil is a good estimate.
it is necassary to determine that a lower
concsntration of analyte will not result in a
significantly lowsr method detection limit.
Take two aliquots of the sample to be used to
calculate the method detection limit and
process each through the entire method,
including blank measurements as described
above in 4a. Evaluate these data:

(1) If these measurements indicate the
sample is in desirable range for
determination of the MDL. take five
additional aliquots snd proceed. Use all
seven measurements for calculation of the
MDL.

(2) If these measurements indicate the
sample is not in correct range, reestimate the
MDL. obtain new sample as in 3 and repeat
either 4a or 4b.

S. Calculate the variance (S?) and standard
deviation (S) of the replicate measurements,
as follows:

.,)*/.]

2. [: ()
1 1o ! 1l
5. (3202

where: .

X im] to n, smare the analytical results in
the final method reporting units obtained
from the n sample aliquots and 2 refers
to the sum of the X values from i=lton.

6. (a} Compute the MDL as follows:

MDL =

tgtae = 0.9m (S)

where:

MDL = the method detection limit

tis-1.1-a = .99 = the students’ t value
appropriate for a 99% confidence level
and a standard deviation estimate with
n-1 degrees of {reedom. See Table.

S = standard deviation of the replicate
analyses.

(b) The 95% confidence interval estimates
for the MDL derived in 8a are computed
according to the following equations derived
{rom percentiles of the chi square aver
degrees of freedom distribution {,*/df).

LCL = 0.64 MDL

UCL = 2.20 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
reasonableness of the estimate of the MDL
and subsequent MDL determinations.

(a) if 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 wethe matrix at thesg
calculated MDL and proceed through the
procedure starting with Step 4.

(b) If this is the second or later iteration of
the MDL calculation. use S? from the current
MDL calculation and S* from the previous.
MDL calculation to compute the F.ratio. The
F-ratio is calculated by substituting the larger
S?into the numerator _l?‘and the otherp into
the denominator S%,. The computed F-ratio is
then compared with the F-ratio found in the
table which is 3.05 as follows: if S?,/
$2,<3.0S. then compute the pooled standard
deviation by the {ollowing equation:

651, +657,

— [

if $%/5% >23.08, respike at the most recent
calculated MDL and process the samples
through the procedure starting with Step 4. If
the most recent calculated MDL does nat
permit qualitative identification when
sampies 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,eee as calculated in 7b to
compute the final MDL according to the
following equation:
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MDL =2.681 (Syeqied)
where 2.881 is equal t0 tas. 1-« =.99).

(d) The 85% confidencs limits for MDL
derived in 7¢c are computed according to the
following equations derived from precentiles
of the chi squared over degrees of freedom
distribution.

LCL=0.72 MDL

UCL=1.85 MDL
where LCL and UCL are the lower and upper
95% confidence limits respectively based on
14 sliquots.

TABLES OF STUDENTS' t VALUES AT THE 99
PERCENT CONFIDENCE LEVEL

)

Number of repicates freedom s, o
[Lal]
7 s 2143
] 7 2900
» » 2808
10 » 2821
1 10 2784
18 1S er 2002
2 - 2528
2 -] 2488
£l 2 2487
6 @ 2390
00 00 232¢
Reporting

The analytical method used must be
specifically identified by number or titie and
the MDL for each analyte expressed in the
appropriate method reporting units. If the
analytical method permits 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 aiso be identified with MDL
value. Report the mean analyte level with the
MDL and indicate if the MDL procedure was
iterated. If a laboratory standard or a sample
that contained a known amount analyte was
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 in
reagent water, do not report a value for the
MDL.

Appendix C to Part 136—Inductively
Coupled Plasma—Atomic Emission
Spectrometric Method for Trace Element
Analysis of Water and Wastes Method
200.7

1. Scope and Application

1.1 This method may be used for the
determination of dissolved, suspended. or
total elements in drinking water, surface
water, and domestic and industrial
wastewaters.

1.2 Dissoived elements are determined in
filtered and acidified samples. Appropriate
steps must be taken in all analyses to ensure
that potential interferences are taken into
account. This is especially true when
- dissolved solids exceed 1500 mg/L. (See
section 5.)

1.3 Total elements are determined after
appropriate digestion procedures are
performed. Since digestion techniques

tmmeansaes thae diesmluad anlitde cmmiamd ~F tha

samples, appropriate steps must be taken to

correct for potential interference effects. (See .

section 3.)

14 Table 1 lists elements for which this
method applies along with recommended
wavelengths and typical estimated
instrumental detection limits using
conventional pneumatic nebulization. Actual
working detection limits are sample
dependent and as the sample matrix varies,
these concantrations may also vary. In time,
other elements may be added as more
information becomes available end as
required.

15 Because of the differences between
various makes and models of satisfactory
instruments, no detailed instrumental
operating instructions can be provided.
Instead, the analyst is referred to the
instruction provided by the manufacturer of

the particular instrument.

2 Summary of Method

21 The method describes a technique for
the simultaneous or sequential multielement
determination of trace elements in solution.
The basis of the method is the measurement
of atomic emission by an optical
spectroscopic technique. 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
photocurrents from the photomultiplier tubes
are processed and controlled by a computer
system. A background correction technique is
required to compensate 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
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 intensity as occurs at
the analyte wavelength measured.
Background correction is not required in
cases of line broadening where a background
correction measurement would actuaily
degrade the analytical result. The possibility
of additionai interferences named in 5.1 (and
tests for their presence as described in 5.2)
should also be recognized and appropriate
corrections made.
3. Definitions

31 Dissolved—Those elements which
will pass through a 0.45 um membrane filter.

3.2 Suspended—Those elements which
are retained by a 0.45 um membrane filter.

3.3 Tota/—The concentration determined
on an unfiltered sample following vigorous
digestion (Section 9.3), or the sum of the
dissoived plus suspended concentrations.
{Section 9.1 plus 9.2).

3.4 Total recoverable—The concentration
determined on an unfiltered sample following

treatment with hot. dilute mineral acid
(Qarntinn O 4%

38 lér:ttlrumcntal t{atcction limjt—~The
concentration equivalent to a si due to
the analyte, which is equal to th;n'?l. times the
standard deviation of a series of ten replicate
measurements of & reagent blank signal at
the same wavelength.

3.8 Sensitivity—The slope of the
analytical curve, Le. functional relationship
between emission intensity and
concentration.

3.7 Instrument check standard—A
multielement standard of known
concentrations prepared by the analyst to
monitor and verify instrument performance
on a daily basis. (Ses 7.8.1)

3.8 Intarference check sample—A
solution containing both interfering and
analyte elements of known concentration -
thet can be used to verify background and
interelement correction factors. (See 7.8.2.)

3.9 Quality control sample—A solution
obtained from an cutside source having
known, concentration vaiues to be used to
verify the calibration standerds. (See 7.6.3)

3.10 Calibration standards—A series of
known standard solutions used by the
analyst for calibration of the instrument (i.e.,
preparation of the anaiytical curve). (See 7.4)

3.11 Linear dynamic range—The
concentration range over which the
analytical curve remains linear.

3.12 Reagent bilank—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
HNO; and HCL. (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
precisaly defined; however, each chemical
compound should be treated as a potential
heaith hazard. From this viewpoint. expasure
to these chemicals must be reduced to the
lowest possibie level by whatever means
available. The laboratory is repsonsible for
maintaining & current awareness file of
OSHA regulations regarding the safe
handling of the chemicais 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 (1¢% 148w 149 fop the
information of the analyst.

S. Interferences

5.1 Several types of interference effects
may contribute to inaccuracies in the
determination of trace elements. They can be
summarized as follows:

5.1.1 Spectral interferences can be
categorized as (1) overiap of a spectral line
from another element; (2) unresolved overlap
of molecular band spectra; (3) background
contribution from continuous or

recombination phenomena: and (4)
haal asassnd rantmhntinn feram etrav licht fenm
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/7 Metbod 825—Base/Neutrals and Acids >
‘ FOPH OB

1.1 This mathod covers the determination
of a number of organic compounds that are
partitioned into an organic solvent and are
amenable to gas chromatography. The
paramaeters listed in Tables 1 and 2 may be
qualitatively and quantitatively determined
using this method. .

1.2 Thse method may be extended to
include the parametars listed in Table 3.
Benzidine can be subject to oxidative losses
during soivent concentration. Under the
alkaline conditions of the extraction step, a-
BHC, y-BHC. endosulfan [ and IL and endrin
are subject to decomposition.
Hexachlorocyclopentadiene is subject to-
thermal decomposition in the iniet of the gas
chromatograph. chemical reaction in acatone
solution. and photochemical decomposition.
N-nitrosodimethylamine is difficult to
separate from the solvent under the
chromatographic conditions described. N-
nitrosodiphenyiamine decomposes in the gas
chromatographic inlet and caanot be
separated from diphenylamine. The preferred
method for each of these parameters is listed
in Table 3.

13 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 138.1.

1.4 The method detection limit (MDL,
defined in Section 14.1) ! for each parameter
is listed in Tables 4 and S. The MDL for a
specific wastewater may differ from those
listed, depending 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 of siternate test
procedures under 40 CFR 138.4 and 138.5.
Depending upon the naturs of the
modification and the extent of intended use,
the applicant may be required to demonstrate
that the modifications will producs
equivalent results when applied to relevant
wastswaters.

1.8 This method is restricted to use by or
undar the supervision of analysts
experisnced in the use of a gas
chromatograph/mass spectrometer and in the
interpretation of mass spectra. Each analyst
must demonstrate the ability to generate
accaptable resuits with this method using the
procedurs described in Section 3.2, .

2 Summary of Method

21 A measured volume of sample,
approximately 1-L. is serially extracted with
methylene chioride at & pH greater than 11
and again at a pH less than 2 using
separatory funnel or & continuous extractor.
The mathylene chioride extract is dried,
concentrated to a volume of 1 mL, and
analyzed by GC/MS. Qualitative
identification of the parameters in the extract
is performed using the retention time and the
relative abundance of three characteristic
masses (m/z). Quantitative analysis is
Performed using-snenmmizsneles internal
standard techniques with a single
characteristic m/z.

& Interferences

3.1 Method interferences may be caused
by contaminants in solvents, reagents,
glassware, and other sample processing
hardware that lead to discrete artifacts and/
or elevated baselines in the totat 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 as described in Section 8.1.3.

3.1.1 Glassware must be scrupulously
clesned.? Clean all glassware as soon as
possible after use by rinsing with the last
solvent used in it. Solvent rinsing should be
followed by datergent washing with hot
water, and rinses with tap water and distilled
watar. The glassware should then be drained
dry, and heated in a muffle furnacs at 400 °C
for 15 to 30 min. Some thermaily stable
materials, such as PCBs, may not be
eliminated by this treatment. Solvent rinses
with acatone and pesticide quality hexane
may be substituted for the muifle furnacs
heating. Thorough rinsing with such solvents
usually eliminates PCB interference.
Volumetric ware should not be heated in a
muifle furnace. Alter 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-giass systems may be

32 Matrix interferences may be caused
by contaminants that are co-extracted from
the sample. The extent of matrix
interferences will vary considerably from
sourcs to source, depending upon the nature
and diversity of the industrial complex or
municipality being sampled.

33 The base-neutrsl extraction may
cause significantly reduced recovery of
phenol, 2-methyiphenol, and 2.¢-
dimethyiphenol. The analyst must recognize
that resuits obtained under these conditions
are minimum concentratioas.

3.4 The packed gas chromatographic
columms recommended for the basic fraction
may not exhibit sufficient resolution for
certain lsomeric peirs including the following:
anthracsne and phenanthrene: chrysene and
benzo(a)anthracene: and
benzo(b)fluoranthene and
benzo(k)fluoranthene. The gas
chromatographic retention time and mass
spectra for these pairs of compounds are not
sufficiently different to make an
unambiguous identification. Alternative
techniques should be used to identify and
quantify these specific compounds, such as
Method 610.

3.5 In sampies that contain an inordinate
number of interferences, the use of chemical
ionization (CI) mass spectrometry may make
identification easier. Tables 8 and 7 give
charscteristic C] ions for most of the
compounds covered by this method. The use
of Cl mass spectrometry to support electron
ionization (EI} mass spectrometry is
encouraged but not required.

54

=~. 4 Safety.

4.1 The toxicity or carcinogenicity of each
reagent used in this method have not been
precisely defined; however, each chemical
compound should be treated as a potential
heaith 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 maethod have been tentatively classified
as known or suspected. human or mammalian
carcinogens: benzo(a)anthracene. benzidine,
3,3'-dichiorobenzidine. benzo(a)pyrene. a-
BHC, 8-BHC, §-BHC., y-BHC.
dibenzo(a.h)anthracene, N-
nitrosodimethylamine, 4,4°-DDT, 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.

8. Apparatus and Materials

5.1 Sampling equipment. for discrete or
composit 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. If amber
bottles are not available, protect samples
from light The bottle and cap liner must be
washed, rinsed with acetone or methylene
chioride, 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
250 mL of sample. Sample containers must be
kept refrigerated at 4 *C and protected {rom
light during compositing. If the sampler uses a
peristaltic pump, a minimum length of
compressible silicone rubber tubing may be
used. before use, however, the compressible
tubing shouid be throughly rinsed with
maethanol, 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.):

8.21 Separatory funnel—2-L, with Teflon
stopcock.

522 Drying column—Chromatographic
column, 19 mm [D, with coarse frit filter disc.

523 Concentrator tube. Kudemna-
Danish~=10-mL, graduated (Kontes K-570050-
102S or equivalent). Calibration must be
checked at the volumes employed in the test.
Ground giass stopper is used to prevent
evaporation of extragts.
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$.24 Evaporative flask. Kuderna-
Danish-—500-mL (Kontes K-57001-0500 or
equivalent). Attach to concentrator tube with
springs.

$.25 Snyder column, Kuderha-Danish—
Three ail macro (Koates K-503000-0121 or
equivajent).

528 Snyder column, Kuderna-Danish—
Two-ball macro (Kontes K-5698001-0219 or
equivalent).

§.2.7. Vials—10 to 15-mL, amber glass,
with Teflon-lined screw cap.

5.28 Continyous liquid—liquid
extractor—Equipped with Teflon or glass
connecting joints and stopcacks requiring no
lubrication. (Hershberg-Wolf Extractor, Acs
Glass Company, Vineland, N.J., P/N 6841-10
or equivalent.)

5.3 Boiling chips—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, capabie of temperature control
{=£2°C). The bath should be used in a hood.

5.5 Balance—Analytical, capable of
accurately weighing 0.0001 g.

58 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 splitiess
injection when using capillary columns.

5.8.2 Column for base/neutrals—1.83 m
long x 2 mm [D glass, packed with 3% 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 slternate
column packings are provided in Section 13.1.

5.8.3 Column for acids—1.8 m long x 2 mm
ID glass. packed with 1% SP-1240DA 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 given in Section 13.1.

5.8.4 Mass spectrometer—Capable of
scanning from 38 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 9 when 50 ng of
decafluorotriphenyl phosphine (DFTPP:
bis(perfluoraphenyl) pheayl phosphine) is
injected through the GC inlet.

$.85 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
acceptabie performance criteria (Section 12)
may be used. GC to MS interfaces
constructed of all glass or glass-lined
materials are recommended. Glass can be
deactivated by silanizing with
dichloradimethyisilane.

$.8.86 Data system—A computer system
must be interfaced to the mass spectrometer
that allows 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 allows
searehing any GC/MS data file for specific

m/z and plotting such m/z abundances

versus time or scan number. This type of piot
is defined as an Extracted lon Current Profile
(EICP). Software must also be available that -
allows integrating the abundance in any EICP
between specified time or scan number

limits.

& Reagents

6.1 Reagent water—Reagent water is
defined as a water in which an interferent is
not observed at the MDL of the parameters of
interest.

6.2 Sodium hydroxide solution (10 N}—
Dissolve 40 g of NaOH (ACS) in reagent
water and dilute to 100 mL.

‘6.3 Sodium thiosulfate—({ACS) Granular.

6.4 Sulfyric acid (1+1)—Slowly, add 50
mL of H:SO4 (ACS, sp. gr. 1.84) to 50 mL of
reagent water.

85 Acstone, methanol, methlylene
chioride=~Pesticide quality or equivalent.

6.8 Sodium sulfate—{ACS) Granular,
anhydrous. Purify by heating at 400 ‘C for4 h
in a shallow tray.

6.7 Stock standard solutions (1.00 ug/
pL)~—standard solutions can be prepared
from pure standard materials or purchased as
certified solutions.

6.7.1 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 concantration of the stock
standard. Commercially prepared stock
standards may be used at any cancentration
if they are certified by the manufacturer or by
an independent sourcs.

672 Transfer the stock standard
solutions into Teflon-sealed screw-cap
bottles. Store at 4 "C and protect from light.
Stock standard solutiona should be checked
frequently for signs of degradation or
evaporation, sspecially just prior to preparing
calibration standards from them.

673 Siock standard solutions must be
replaced after six months, or sooner if
comparison with quality controi check
samples indicate a probeim.

8.8 Surrogate standard spiking solution—
Select a minimum of three surrogate
compounds from Table 8. Prepare a surrogate
standard spiking solution containing each
selected surrogate compound at a
concentration of 100 ug/mL in acetone.
Addition of 1.00 mL of this solution to 1000
mL of sample is equivalent to a concentration
of 100 ug/L of each surrogate standard. Store
the spiking solution at 4 °C in Teflon-sealed
glass container. The solution should be
checked frequently for stability. The solution
must be replaced after six months. or sooner
if comparison with quality control check
standards indicates a problem.

6.9 DFTPP standard—Prepare a 25 ug/mL
solution of DFTPP in acetone.

6.10 Quality control check sample
concentrate—See Section 8.2.1.
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7. Calibration

71 Establish gas chromatognphxc
operating parameters equivalent to thou
indicated in Tables 4 or §. 3

7.2 Internal standard calibration - eg,
procedure—To use this approach, the' umy,ta,:
must select three or more internal standardgznd
that are similar in analytical behavior {5 a7
compounds of interest. The analyst must’
further demonstrate that the measurement of -
the internal standards is not affected by
method or matrix interferences. Some .
recommended internal standards are hntea"fm".%?g
Table 8. Use the base peak m/z as the: s
primary m/z for quantification of the '
standards. If interferences are noted. uss
of the next two most intense masses for
quantification.

721 Prepare calibration standards at
minimum of three concentration levels for
each parameter of interest by adding
appropriate volumes of one or more stock.
standards {0 a volumetric flask. To each
calibration standard or standard mixture; add
a known constant amount of one or more " °
internal standards. and and dilute to voluma:
with acetone. One of the calibration :
standards should be at a concentration near,
but above, the MDL and the other
concentrations should correspond to the -
expected range of concentrations found in"
real samples or should define the working
range of the GC/MS system. y

722 Using injections of 2 to 5 ul. analyze
each calibration standard accordingto -
Section 13 and tabulate the area of the :7::-.
primary characteristic m/z (Tables 4 and 5}
against concentration for each compound and =
internal standard. Calculate response facto
(RF) for each compound using Equation 1.~

Equation 1.

F

where:
A, = Ares of the characteristic m/z for the“
parameter to be measured.
Ay=Area of the characteristic m/z for th
internal standard.
Cu=Concentration of the internal suudard
(sg/L)
C,=Concentration of the parameter to bo
measured {ug/L).
If the RF yalue over the working range is a -
comtant J)the RFcanbe
assumed to be invariant and the average RF-.
can be used for calculations. Alternatively,
the results can be used to plot a calibntion
curve of response ratios. A,/A.. vs. RF
7.3} The working calibration curve or RF
mus{ be verified on each working-day by th
measurement of one or more calibration
standards. If the response for any parameter
varies from the predicted response by more .
than the test must be repeated uning l"
fresh ration standard. Alternatively, a +’-:
new calibration curve must be prepared for
that compound.

8. Quality Controi

81 Each laboratory that uses this method
is required to operate a formal quality control
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program. The minimum requirements of this
program consist of an inilial demonstration of
lsboratory capability and an ongoing
analysis of spiked samples to evaluate end
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
performancs criteria to determine if the
resuits of analyses meet the performance
characteristics of the method. When results
of sample spikes indicate atypical method
performance, a quality control check
standard must be anaiyzed to confirm that
the messurements wers performed in an in-
control mode of operation.

811 The enalyst must maks an initial,
one-time. demonstration of the ability to
generate accaptable accuracy and precision
with this method. This ability is established
as described in Section 3.2

8.1.2 In recognition of advances that are
occuring in chromatography, the analyst is
permitted certain options (detailed in
Sections 10.8 and 13.1) to improve the
saparations or lower the cost of
measurements. Each time such a modification
is made to the method, the analyst is required
to repaat the procedure in Section 8.2,

8.1.3 Before procassing any samples, the
analyst must analyze a reagent water blank
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
basis, spike and analyze a minimum of 5% of
all samples to monitor and evaluate
laboratory data quality. This procedure is
described in Section &.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
Section 8.4. The frequency of the check
standard analyses is equivalent to 5% of all
samples analyzed but may be reduced if
spike recoveries from samples (Section 3.3)
meet all specified quality control criteria.

8.1.8 The laboratory must maintain
performancs records to document the quality
of data that is generated. This procadure is
described in Section 8.5.

8.2 To establish the ability to generate
acceptable accuracy and precision, the
analyst must perform the following
operations.

8.21 A quality control (QC) check sample
concentrate is required containing each
parameter of interest at a concentration of
100 ug/mL 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. Eavironmental
Protection Agency, Eavironmental Monitoring
and Support Laboratory in Clncinnati, Ohio,
if availabie. If not available from that source,
the QC check sample concentrate must be
obtained from another external sourca. 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.
822 Using a pipet, prepare QC check
samples at a concentration of 100 ug/L by

" adding 1.00 mL of QC check sample

concantrate to each of four 1-L aliquots of
reagent water.

823 Analyze the well-mixed QC check
samples according to the method beginning in
Section 10 or 11.

824 Calculate the average recovery (X)
in ug/L. and the standard deviation of the
recovery (s) in ug/L, for each parameter using
the four resuits.

823 For each parameter compare s and X
with the corresponding acceptance criteria
for pracision and accuracy, respectively.
found in Table &. If s and X for all parameters
of interest meet the acceptance criteria, the
system performancs is acceptable and
analysis of actual samples can begin. If any
individual s excaeds the precision limit or
any individual X falls outside the range for
accuracy, the system performance is
unaccaptable for that parameter.

Note.—~The large number of parameters in
Table 8 present a substantial probability that
one or more will fail at least one of the
acceptance criteria when all parameters are
analyzed.

828 When one or more of the parameters
tested fail at least one of the acceptance
criteria. the analyst must proceed according

‘to Section 3.2.8.1 or 8.2.8.2

8281 Locate and correct the source of
the problem and repeat the test for all
parameters of interest beginning with Section
8.22.

8.2.8.2 Beginning with Section 8.2.2, repeat
the test only for those parameters thet failed
to meet criteria. Repeated failure, however,
will confirm & 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 8.22, '

83 The laboratory must, on an ongoing
basis, spike at leest 5% of the samples from
each sample site being monitored to assess
accuracy. For laborstories analyzing 1 to 20
samples per month, at least one spiked
sample per month is required.

83.1. The concentration of the spike in
the sample should be determined as follows:

83.1 [ ss in compliance monitoring, the
concentration of a specific parameter in the
sample is being checked against a regulatory
concentration limit, the spike should be at
that limit or 1 to 5 times higher than the
background concantration determined in
Section 8.3.2, whichever concentration would
be larger.

83.1.2 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 at 100 ug/L or 1 to § times
higher than the background concentration
determined in Section 3.3.2. whichever
concentration would be larger.

83.1.3 [fitis impractical to determine
background levels before spiking (e.3..
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 ug/L.
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8.3.2 Analyze one sample aliquot to
determine the background concentration (B)
of each parameter. If 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
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.

8.3.3 Compare the percent recovery (P) for
each parameter with the corresponding QC
accaptance criteria found in Table 8. These
ecceptance criteria were calculated to
include an allowancs 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 5:1.7 If
spiking waa performed at a concentration
lower than 100 ug/L. the analyst must use
either the QC acceptanca criteria in Table 8,
or optional QC acceptance criteria calculated
for the specific spike concentration. To
calculate optional accaptance criteria for the
recovery of a parameter: (1) calculate
accuracy (X') using the equation in Tabie 7,
substituting the spike concentration (T} for C:
(2) calculate overall precision (S') using the
equation in Table 7, substituting X’ for X: (3)
calcuiate the range for recovery at the spike
concentration as (100 X'/T)=2.44(100 S'/T)®"’

83.4 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 8.4.

8.4 If any parameter fails the acceptance
criteria {or recovery in Section &3. a QC
check standard containing each parameter
that {ailed 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
simuitaneously tested, the complexity of the
sample matrix, and the performancs of the
laboratory. If the entire list of single-
component parameters in Table 8 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
anslyzed with the spike sample.

84.1 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 standard to
determine the concentration measured {A) of
each parameter. Calculate each percent
recovery (Py) as 100 (A/T)R, where T is the
true velue of the standard concentration.

84.3 Compare the percent recovery (7,]
for each parameter with the corresponding
QC acceptance criteria found in Table 8.
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



156

Federal Register / Vol. 49, No. 209 / Friday, October 26, 1984 / Rules and Regulations

laboratory performance for that parameter is
judged to be out of control. and the probiem
must be immediately identified and
corrected. The analytical resuit for 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 analysu of five
spiked wastewater samples as in Section 8.3,
calculate the average percent recovery (P)
and the standard deviation of the percent
recovery (s,). Express the accuracy
assessment as a percent interval from P—2s,
to P+ 2s,. if P=90% and s, =10%, 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 ten new accuracy
measurements).

8.8 As a quality control check, the
laboratory must spike ail samples with the
surrogate standard spiking solution as
described in Section 10.2, and calculate the
percent recovery of each surrogate
compound.

8.7 Iltis 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 assess the precision of the
environmental measurements. Whenever
possible, the laboratory should analyze
standard reference materials and participate
in relevant performance 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 {ree as possible 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 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.® 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. Separatory Funne! 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 L When sampie volumesof 2L
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 Mark the water meniscus on the side
of the sample bottle for later determination of
sampie 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 sampie with wide-range pH paper
and adjust to pH> 11 with sodium hydroxide
solution.

10.3 Add 80 mL of methylene chloride to
the sample bottle, seal, and shake for 30 s 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 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, 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 {lask. If the emulsion
cannot be broken (recovery of less than 30%
of the methylene chioride, corrected for the
water solubility of methylene chloride),
transfer the sample, solvent. and emulsion
into the extraction chamber of a continuous
extractor and proceed as described in Section
113,

104 Add a second 60-mL volume of
methylene chioride 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. 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
a 250-mL Erlenmeyer flask and label the
combined extracts as the acid fraction.

10.8 For each fraction, assemble a
Kuderna-Danish (K-D) concentrator by
attaching a 10-mL concentrator tube 0 a 500-
mL evaporative flask. Other concantration
devices or techniques may be used in place of
the K-D concentrator if the requirements of
Section 8.2 are met.

107 For each [raction, pour the combined
extract through a solvent-rinsed drying
column containing about 10 cm 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 {lask 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 (60 to 85 °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. Adjust the vertical position of
the apparatus and the water temperature as

57

required to complete tha concentration inisv
to 20 min. At the proper rate of distillation -
balls of the column will actively chatter but
the chambers will not flood with condensé¢
solvent. When the apparent volume of liquid
reaches 1 mL. remove the K-D appmm%
from the water bath and allow it to dram s3>
coal for at least 10 min. Remove the Sny:
column and rinse the flask and its lower  join
into the concentrator tube with 1 to 2 mLQ{'
methylene chloride. A 5-mL syringe is 2
recommended for this operation. :

column. Prewet the Snyder column by a :
about 0.5 mL of methylene chloride to the m W]
Place the K-D apparatus on a hot water hatks
{80 to @5 °C) so that the concentrator tube
partially immersed in hot water. Adjust.
vertical position of the apparatus and the
water temperature as required to complets.
the concentration in $ to 10 min. At the -*:
proper rate of distillation the balls of the -5
column will actively chatter but the chamb
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 drain and cool for
at least 10 min. Remove the Snyder column.
and rinse the flask and its lower joint into th
concentrator tube with approximately 0.2 m;
of acetone or methylene chloride. Adjust th
final volume to 1.0 mL with the solvent.- .
Stopper the concentrator tube and store ..
refrigerated if further processing will not be
performed immediately. If the extracts will
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 Determine the original sample °
volume by refilling the sample bottle to the-
mark and transferring the liquid to a 1000-ml.
graduated cylinder. Record the sample -:z
volume o the nearest 5 mL

11. Continuous Extraction

11.1 When experience with a sample &om
a given source indicates that a serious =
emuision problem will result or an emulsion-
is encountered using a separatory funnel in-
Section 10.3, a continuous exiractor should be
used. :
11.2 Mark the water meniscus on the ud .
of the sample bottle for later determination of
sample volume. Check the pH of the sample-:
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 : .. .52=
surrogate standard spiking solution and mix - -+
well. Add 60 mL of methylene chloride to the - =
sample bottle, seal, and shake for 30 s to
rinse the inner surface. Transfer the solve at
to the extractor.
113 Repeat the sample bottle rinse wﬂh
an additional 50 to 100-mL portion of
methylene chloride and add the rinse to the
extractor. .
11.4 Add 200 to 500 mL of 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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snd seal the extract l;tnSccﬁonslo.s mﬁ:;wnlnl;"ﬁguntl through 12.)0&{1« (AL
10.8. packed or capillary (open-tubular) columns or - ———
‘h?;‘.'.'?h Charge a ciean distilling flask with chromatographic conditions may be used if Concentration (pg/L) AJRFIV.

500 mL of methylene chloride and attach it to
ihe continuous extractor. Carsfully, while
stirring, adjust the pH of the aquecus phase
10 less than 2 using sulfuric acid. Extract for
24 h. Dry, concentrate, and seal the extract as
in Sections 10.8 through 10.9.

12. Daily GC/MS Performance Tests

12.1 At the beginning of each day that
analyses are 10 be performed, the GC/MS
system must be checked to see if accaptable
performance criteria are achieved for
DFTPP.'*Each day that benzidine is to be
determined. the tailing factor criterion
described in Section 12.4 must be achieved.
Each day that the scids are to be determined,
the tailing factor criterion in Section 12.5
must be a

12.2 These performance tests require the
following instrumental parametars:

Electron Energy: 70 V (nominal)

‘Mass Range: 35 to 450 amu

Scan Time: To give at least § scans per

peak but not to exceed 7 s per scan.

12.3 DFTPP performancs test—At the
beginning of each day. inject 2 uL (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 9 are achieved. If all the criteria are not
achieved, the analyst must retune the mass
spectrometer and repeat the test until ail
criteria are achieved. The performance
criteria must be achieved before any samples,
blanks, or standards are analyzad. The tailing
factor tests in Sections 12.4 and 12.5 may be
performed simultaneously with the DFTPP
test.

124 Column performancs test for base/
neutrals—At the beginning of sach day that
the base/neutral fraction is to be analyzed

“for benzidine, the benzidine tailing factor
must be calculated. [nject 100 ng of benzidine
either separately or as a part of a standard
mixture that may contain DFTPP and
caiculate the tailing factor. The benzidine
tailing factor must be less than 3.0.
Calcuiation of the tailing factor is ilustrated
in Figure 13." Replace the column packing if
the tailing factor criterion cannot be
achieved.

128 Column performancs test for acidg—
At the beginning of each day that the acids
are to be determined, inject 30 ng of
pentachlorophenol either separately or as a
part of a standard mix that may contain
DFTPP. The tailing factor for
pentachiorophenol must be less than S.
Calculation of the tailing factor is illustrated
in Figure 13." Replacs 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/neutrai fraction.
Table $ summarizes the recommended gas
chromatographic aperating conditions for the
acid fraction. included in these tables are
retention imes and MDL that can be
ichieved under these conditions. Examples of
the separations achieved by these columns

the requirements of Section 8.2 are met.

13.2 After conducting the GC/MS
performance tests in Section 12, calibrate the
system daily as described in Section 7.

133
oot the intemal standard
must be added to sample extract and mixed
thoroughly immediately before injection into
the instrument. This procedure minimizes
losses due to adsorption, chemical reaction or
evaporation.

134 Inject 2 to 5 uL of the sample extract
or standard into the GC/MS system using the
solvent-flush technique.** Smaller (1.0 uL)
volumes may be injected if automatic devicas
are employed. Record the volume injected to
the nearest 0.05 pl.

13.5 If the response for any m/z exceeds
the working range of the GC/MS system,
dilute the extract and reanalyze.

138 Perform all qualitative and
quantitative measurements as described in
Sections 14 and 15. When the extracts are not
being used for analyses, stoce 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 internal and surrcgate standards. The

_following criteria must be met to make a

qualitative identification:

14.1.1 The characteristic masses of each
parameter of interest must maximizs in the
same or within one scan of each other.

1412 The retention time must fall within
+30 s of the retention time of the authentic

1413 The relative peak heights of the
three characteristic masses in the EICPs must
fall within +=20% of the relative intensities of
these masses in a referencs mass spectrum.
The refersnce masa spectrum can be obtained
from a standard analyzed in the GC/MS
system or from a reference library.

14.2 Structural isomers that have very
similar mass spectra and less than 30 s
difference in retention time, can be expiicitly
identified only if the resolution between
suthentic isomers in a standard mix is
accaptable. Accaptable resolution is achieved
if the baseline to valley height between the
isomers.is less than 25% of the sum of the two
peak heights. Otherwise, structural isomers
are identified as isomeric pairs.

18, Caliculations

15.1 When a parameter has been
identified, the quantitation of that parameter
will be based on the integrated abundanca
from the EICP of the primary characteristic
m/z in Tables 4 and 5. Use the base peak m/z
for internal and surrogate standards. If the
sample produces an interferenca 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 7.2.2 and Equation 3.

Equation 3. 58

where:

A,=Area of the characteristic m/z for the
parameter or surrogate standard to be
measured.

AgmArea of the characteristic m/z for the
internal standard.

L= Amount of internal standard added to
each extract (ug).

V.= Volume of water extracted (L).

152 Report results in ug/L without
correction for recovery data. All QC data
obtained should be reported with the sample
resuits.

18. Method Performance

16.1 The method detection limit (MDL) is
defined as the minimum concentration of a
substance that can be measured and reported
with 99% confidence that the value is above
zero. ! The MDL concentrations listed in
Tables 4 and S were obtained using reagent
water.' The MDL actually achieved in a
given analysis will vary depending on
instrument sensitivity and matrix effects.

182 This method was tested by 15
lsboratories using reagent water, drinking
water, surface water, and industrial
wastewaters spiked at six concentrations
over the range $ to 1300 ug/L. ' Single
operator precision, overall precision. and
method accuracy were found to be directly
related to the concantration 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 2.3.7.9-
Tetrachlorodibenzo-p-dioxin (2.3,7.8-TCDD)

17.1 If the sample must be screened for
the presence of 2.3.7,8-TCDD, it is
recommended that the reference material nat
be handled in the laboratory unless extensive
safety precautions are employed. It is
sufficient to analyze the base/neutral extract
by selected ion monitoring (SIM) GC/MS
techniques, as foilows:

17.1.1 Concentrate the base/neutrai
extract to a final volume of 0.2 mi.

17.12 Adjust the temperature of the base/
neutrai column (Section 5.8.2) to 220 *C.

17.13 Operate the mass spectrometer to
acquire data in the SIM mode using the ions
at m/z 257, 320 and 322 and a dwell time no
greater than 133 milliseconds per mass.

17.1.4 Inject S to 7 uL of the base/neutral
extract. Collect SIM data for a tatal of 10 min.

17.1.5 The possible presence of 2,3,7.8-
TCDD is indicated if ail three maases exhibit
simultaneous peaks at any point in the
selected ion current profiles.

17.1.6 For each accurrence where the
passible presence of 2.3,7,8-TCDD is
indicated. csiculate and retain the relative
abundances of each of the three masses.

17.2 False positives to this test may be
caused by the presence of single or coeluting
combinations of compounds whase mass
spectra contain all of these masses.

17.3 Conclusive results of the presence
and concentration level of 2.3,7.8-TCDD can
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be obtained only from a properly equipped
laboratory through the use of EPA Method
613 or other approved alternate test

ures.
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TASLE 1.—BASE/NEUTRAL EXTRACTABLES

TABLE 1.—BASE/NEUTRAL EXTRACTABLES |

Continued

Perarmeter

ACBODINSNS | 34208 83-32-9
Acerapntyiens. 34200 208~96-8
Ay J4220 120-12-7
Algrin, 3930 308-00-2
Berzo(alar 34528 56-55-3
Benzo®ifiucr 3420 205-99-2
Berzoik)fuor 34242 207-08-8
& {a)pyrens 34247 50-32-8
Berzo(giv 34521 191242
Senzyl Dutyt phthaiate 34202 85-58-7
B-8HC, 38338 319887
$-8HC 34250 318-88-4
Bia(2-chicroettwi) 34273 111—dld
Bin(2: othexy) 34278 111=91-1
Sin(2. yhphthai 39100 117-81-7
Bis(2 Opropyl) 34283 108-60=1
4-Bromophenyi phenyl ether 34828 101-58-3
i N30 57-74-0
2-Chioronaphthalens 34381 91587
AChioropheryl phenyl ether .| 34641 | 7005-72-)
Qwy 34320 18-01-9
44000 N0 72544
4,4-00€ 39320 72-58-9
44007 38300 50-29-3
Obenzoja.nlantvecene 34558 5§3=70-3
Oer=tastytey W10 04742
1.3-06 4508 $41=73=1
1.2-Oi 34808 95-50=1
1,4-0b 34871 10647
3.7 -Dichiorobenzicine 348 =041
Dbsicirin 29380 80-57-1
Diethwt phihaiote 34336 848682
Oimeottwi pr 34341 1=11] -
2,4-Orvrotoivens, 34811 121142
2.8-Oiri 46828 808-20-2
Obmoctyiphthaiate 34508 117-84=0

EREERMRRISE R |7

1,3-Dichiorodenzens

1,4-Oicty

'Bhﬂm other

124T
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TABLE 4.—CHAOMATOGRAPHIC CONDITIONS, METHOO DETECTION LIMITS, ANO CHARACTERISTIC MASSES FOR BASE/NEUTRAL EXTRACTABLES—

Continued
. Charscteristic masses
detac- Electron Chemical onzatson
Perameser “"w‘:"" ton imit <
/9 Primary Second- | Seconds | Meth Meth Meth-
oy oy ane ane ane
A Nene. 178 1.9 154 159 152 154 188 183
Oimediyt piehaiate 13 1.8 183 194 188 151 183 184
2,6-Oinivowiuene 18.7 1.9 188 89 29 183 211 3
N 198 1.9 168 188 167 188 187 )
4-Chiorophenyl pheryl ether. 19.5 42 204 208 141
2.4-Onitrowiuens 198 87 168 [ -] 152 163 n 3
OCiatvyiphihaiate 2.1 1.9 149 "7 150 177 3 E- 1
N-Nigosodioneny s 19 1% 168 167 189 | 176 198
Hexachior D0 1.9 284 142 249 284 208 228
-8HC* aa 183 181 109
+~Sromophenyl pheryl el n2 1.9 248 230 141 249 st F124
SBHC® 24 183 18 100
Phenanthrens. 28 54 178 179 178 178 179 07
28 1.9 17 179 174 178 179 x7
A-8HC 4 42 181 183 109
Heptachior. 24 1.9 100 m 74
+8HC a7 a1 163 109 181
Alirin .0 1.9 [ ] 263 20
Ditnstyl phinaiate, 7 FX ] 149 150 104 149 203 7}
Heptachiar ich 28 22 8y ass st
En itan 1* 284 = 338 41
Fluoranihense. 23 22 202 10t 100 03 2N 4
Oieidrin, 72 23 ” F. <] n
4.4-008 22 58 48 48 178
Pyr 73 1.9 202 101 100 209 b~} 24
Enarin® 79 a1 283 a2
Endosfen 1 288 7 339 a1
+4-000 F. X 28 28 =14 185
Sernzdi 28 “ 184 Q 188 188 213 a5
44007 23 47 28 7 185
[ ' st 28 56 e 387 2
Enarin Y 14 48 250
Sutyl benzyl phhalate 2.9 28 149 (] 208 149 ) 27
Sis(2-echyinewyl) p 06 s 149 187 4] 149
Chey ns 23 F- ] 26 29 26 9 257
Benzo(s) Nns 78 28 29 26 26 29 257
13O - 2 188 %2 34 128
Ohnmoctyl phthaiate. 28 23 149
Benza(dithucr M9 48 252 253 129 %2 243 281
Senzo(kite a9 23 252 53 129 2% 253 281
Serzo(aipyrene .4 28 %2 3 128 282 23 1
Indena(1,2.3-¢.dpyrene. a7z 37 w8 138 awr e ar 308
Oibenzo(a.h)er a2 23 n 139 m s an 37
Sevzzoighiiperyiens 441 41 e 138 t224 s k224 308
NeNitrosodimedy ., 4 74 “
Chiorgane ® 19=20 m s rr
Toxaphene® 2534 199 3 =
PC3 101¢° 18-20 24 260 294
PCa 1z 1530 k] 190 24 20
PCE 1232* 19=32 190 22 260
PCB 1242° 18-32 24 260 294
PCB 1248° 12=34 294 30 22
PCB 1254° 22-34 k] 204 30 a2
PC3 1200* 2322 0 62 394
s Ses Section 1.2
* Thase POUNGS &re M ol i {Sew figures 2 thry 12)

Supecooon 1oonznm-mm-u

Column conditiona: SP.2250 packed
lwmmcso'chum programmed of § “C/min © 270 “C and heid ior

ng18m mennam-mmwg-uwwmh-mcw

TABLE 5.~CHROMATOGRAPHIC CONDITIONS, METHOO DETECTION LUMITS, AND CHARACTERISTIC MASSES FOR ACIO EXTRAGTABLES

Rewn- | o rec Slectron Impact Chemical ionaa
Parameier ton ame | SRR aon
% 1 W00 | pumary | Secnd- | Second- | Mem- | e | e
-y -y ane e ane
3Cvarapr 9 LF] 128 s 130 129 121 187
-Niropnenot a5 LX) 139 ] 109 140 168 122
Phanc a0 15 o4 [ [ 9% 122 138
L4-Oimemnyionenc, 2.4 27 122 107 121 13 181 163
L4-Oictworopnenci %8 a7 162 164 % 163 168 187
248 Tn ohenci 1.8 a7 198 198 200 197 199 20
- Chiora.3-metiphenal 132 0w 142 w7 144 143 17" 183
L4-Diniwopnenal 159 @ 1684 83 154 188 | 213 br4]
LMettwis, S.cirvirophanal 162 26 198 182 ” 199 7 29
Peactiorophenc 17.8 18 268 264 268 287 288 2689
ol 203 4 L] 139 109 140 188 122
e ———————

Supeicoport (100/120 mesh) costed wth 1% SP-12400A pached in & 1.8 m long x 2 O gless column with Nelum carmer gas at 30 ML/ mwn fow rate. Cownwn

m
'*™Oaratire heid mothermel ot 70 G for 2 min then

then programmed &t 8 *C/man 19 200 ‘C.
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TasLE 8.—QC ACCEPTANCE CRITERIA—METHOD 625

Test conciusion | Limis for 8 (ug/ | Renge for X{ug/
Parameter 0/0 xf

Acenaphthens. 100 e
Acenaphtwh 100 @02
Aldrin . 100 9.0
Anty 100 20
Serczo(a)lendy 100 ns
Benzo®)™, 100 368
Berczogkyfuor 100 23
Serzo(a)ryrens. 100 . 9.0
Beraoign 100 8.9
Berayt un):—, H 100 224
BHC. 100 Nns
»-8HC 100 1.8
Bind2-chi i) 100 5.0
Bin(2. oy 100 345
Bin(2-chioroieopropyl) 100 L >
Sia(2-etyhexylphthaiste. 100 IR
4-3romophenyl phermyl ether. 100 20
2Chioronaphtn 100 130
&Chioropheryl phemyl ether, 100 k- R}
Qhry 100 443
4,4-000 100 3.0
4,4-00€ 100 320
4,4"-00T. 100 Lald
Dibercoiah)er 100 no
Dhn-dutyl phihaisie 100 187
1.2-Ok rene 100 30.9
1.3-08 100 “z
1.4,-Oichiorobenzens 100 21
1.3-Ohiorobercidine. 100 N4
DOislcrin 100 €n.7
Distryt phthaiste 100 268
Oimethyt phthaiate. 100 22
2,4-Oie 100 218
2.6-Oinirowoiusne, 100 28
Dieneoctytohthal 100 3.4 18.6-131.8
B 2t ifute 100 16.7 D=-103.5
Enonn y 100 328 D-158.8
P : 100 k-2 ] 4291213
oy 100 207 71.6-1084
Heptachior 100 N2 D=1722
Heptachior epomide . 100 a7 70.9-100.4
L, NOro 100 249 7.8=1418
L ) 100 23 J7.5-1022
Hexach 100 245 §5.2-100.0

0(1,2.3-chipyrens. - 100 “g D-150.9
L . 100 63 44.6-1802
Naphthaiens 100 0.1 38.6-119.8
Nitrobenzene . - 100 3 543-157.8
N-Nitrosod-n-propylasmi 100 854 12.6-1979
PCB-1260 100 542 193=-1210
Phenantvens. 100 208 65.2-108.7
Py 100 42 68.8-100.0
1.2.4Trichioro . 100 281 573=-1292
4-Chioro-3- yiol 100 72 40.8-127.9
2-Chioropt 100 2.7 ;21204
2.4-Dictioro ] 100 24 525.121.7
2.4-Dimethyips | 100 21 418-100.0
2.4-Oinitrophenot. 100 498 D=-1729
2-Matthyi4 S-aintrophencl - 100 832 43.0-100.0
2-Nirophenol. 100 382 45.0-108.7
4=Nirophenot, 100 a2 13.0-108.%
Pe orophencd. 100 4.9 38.1-1518
Phenol . 100 26 16.8-100.0
2.4.6-Trichiorophenal 100 7 524-1202

= Standard deviation for four measurements, in 824

= B NNt

MMMnmt-cwummmm&’-ﬂ"hlWhmm.hilﬁhmymummn—nmhﬁdmh;
concenTstons below hose used 10 deveiop Tabie 7. - i

TABLE 7. METHOD ACCURACY ANO PRECISION AS FUNCTIONS OF CONCENTRATION—METHOO 625

Acasucy, as Single anuiyet
Pararmneter m{ X' (ug/ | precimon, &' (ug/
Q

Acenapt 0.96C+0.19 0.18%-0.12
A Y 0.89C+0.74 0.24%-1.08
Aldrin 0.78C+ 1.68 027 ~1.28
Anty . 0.80C+0.68 0.21R-0.32
8 ‘ 0.88C-0.60 0.15%+0.93
Benzo®)t, . 0.83C-1.50 022R+0.43
Berzodkifiu 0.87C-1.58 0.19%+1.03
Berzo(a)oyrens 0.90C-0.13 0.22R +0.48
Senzo(ghilperys 0.96C-0.86 029%+ 240
Senzyl butyl pry 0.66C-1.68 0.18%40.94
3-8HC 0.87C-0.54 0.20% -0.58
&8MC., 029C~1.00 0.34%+0.08
Bis(2-chh v 0.86C=1.54 038R ~0.09
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TABLE 7. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION—METHOD 625—Continued

Accuracy, as Single anaivst | o ran precesion
Parameter myL.,X' g/ ma-ona & g/ F (ug/L)
3842 ) 1.12C-3.04 0.16%+1.34 0.28% +2.01
Fe8(2-CNOrOROOrOpY) 1.00C-2.31 0.24R+0.28 025% + 1.04
Bis(2-oyinexy()phthel 0.84C~1.18 0.26%+0.73 0.36% +0.67
4-Bromophenyl pherwyl ether . . 091C~1.34 0.13% +-0.68 0.16%+0.68
2-Cn 0.69C+0.01 0.07R+0.52 0.13%+0.34
1-Chiorophenyl pheryl ether 0.91C+0.53 0.20% —0.9¢ 0.30X =0.48
Cnryser 0.93C=1.00 0.28%+0.13 0.33%-0.09
4.4 000 0.56C~-0.40 029%-0232 0.86% —0.96
+.4-00€ 0.70C~-0.54 0268 -1.17 6.39%X = 1.04
4. 4-00T . 0.79C-3.28 0.42% +0.19 0.65% ~0.58
o! 4 0.88C+4.72 0.20% +8.51 0.59R +0.28
Dr-n-Dutyt phthaiae 0.59C+0.7¢ 0.13%+ 118 0.39%+0.60
1.2-Dichiorobe 0.80C+0.26 0.20%+0.47 0.24%+0.99
1.3-Oichiorobenzene : 0.86C-0.70 028R+0.68 0.41%+0.11
1.4-Dichiorobenzens 0.73C~1.47 0242 +0.23 0.29R% +0.36
1.3 -Dichiorobend 123C=1268 0.28%+7.23 0.47R+3.45
Oreionn 0.82C-0.18 0.20%-0.18 0268%-0.07
Ovettwyt Divthalate. 0.43C 41,00 0.28R 4 1.44 0.52% +0.22
Ownettwyl O 0.20C+1.03 0.54% +0.19 1.058 -0.92
2,4-0% 0.82C~4.81 0.12%+1.08 021%+1.50
260 . 1.06C—3.60 0.14% 4128 0.19% 4039
Oi-n-octyipr 0.78C-0.79 0218+ 119 037+ 1.19
stan witase. . . 0.39C+0.41 012R+ 247 0.83%~1.03
Endrin sidely 8.70C~3.08 Q.16 +3.91 0.73R~0.682
Fluoranty 081C+1.10 0.2%-0.73 0.28% =0.50
Suorens. 0.90C~0.00 0.12%+028 0.13R% +0.61
meptachior . 0.87C~-2.97 0.24%-0.58 0.50% -023
ptachior epoxde 0.92C-1.87 0.33% ~0.48 0.28% +0.6¢
=eXaCOrODeNTene. 0.74C+0.08 0.18%-0.10 0.43%-0.52
oxact ) 0.71C-1.01 0.19R +0.82 0.28%+0.49
el ane 0.79C-0.83 0.17%+0.67 0.17% +0.80
indeno(1.2.3-cipyrene 0.78C-2.10 029K +1.48 0.50R +0.44
1$00NOror 1.12C+ 1.41 0.27R40.77 0.33%+0.28
Naphthaler 0.76C+1.58 0.21X=0.41 0.30X - 0.68
Nitr e 1.09C-3.0% 0.19% +0.92 0.27% +0.21
N-Nrtr eRPrOOY 1.12C-6.22 0.27% +0.68 0.44X +0.47
PCB-1280 0.81C—10.868 0.38% + 3.61 0.43% +1.82
Sner 0.87C--0.08 0.12% +0.57 0.15% +0.28
Pyrene 0.84C-0.18 0.1624.0.08 0.158 +0.31
1.2.4Tn raone 0.94C-~0.79 0.15R%4-0.85 0.21X+0.39
4-Chioro-3 yiphenol 0.84C 4038 0.23%+0.78 0.29% « 1.31
2-Chioropt 0.78C+0.29 0.18X 4 1.48 0.28% +0.97
2.4-Dicniorcphenol 0.87C+0.13 0.15%+1.28 021X +1.28
2.4-Oimetnryiphenol 0.71C+4.41 0.168 +1.21 0.22%+ 1.31
2. 4-Onitropy 0.81C~18.04 0.38%+ 236 | 0.42X +26.29
2-Mattyl4, S-diritrophenci . 1.04C - 28.04 0.10R% +42.29 0268 +22.10
2-Netrop! 1.07C~1.18 0168+ 1.94 0.27% + 2.80
$-Nitrophenol, 0.81C~1.22 038X +2.57 0.64% +3.24
Ser oo 0.93C+ 1.99 0.24%+3.03 0.30% +4.33
3ner 0.43C+128 0.26%4+0.73 0.33X+0.28
24,6 Tr ol 0.91C-0.18 0.16R+222 0.22% + 1.81
X' = Expeciad recovery 10r one of MOre Meamsements of & SEMpie ning & otC in
s, = Expected yet standard of st an qversy found of X, n ug/L
S’ = Expected inter y stancerd of o an 0 found of X, in ug/L
g-rmmummnwL R .
Aversge Yy found for s Of sampies CoMaming a concermration of C, in ug/L
TABLE 8.—SUGGESTED INTERNAL AND TABLE 9.~DF TPP KEY MASSES AND
SURROGATE STANDAROS ABUNDANCE CRITERIA
Base/neutral fraction Acid fraction Mass m/2 Abundance awena
Rl PEEEE— L T §1 | 20-40 percent of mass 198
Ar < Pentafiuorophenol. 68 | Leus than 2 percent of mans 68.
SeNTNRJANWRCING-Ces o] PPONOIc, 70 | Lous than 2 percent of mass 88,
4.4’ -Oibromodipherny 2-Perth, ¥ phenol 127 | 40-80 parcemt of mans 198,
L4 ) 167 | Less than ) percent of Mmans 194,
G clafuonotiphenyl 198 | Sase pesk, 100 p
0 RICroDIDNervy 198 | $-0 percent of mess 190
3.2 - DHWIOrODIONSM e 278 | 10~30 percent of mess 190,
Fluoroandine ' 365 | Greessr than 1 parcent of mess 198.
oF ORtY 44t | Present dut less tThen mass 443
£ Fluoronapntiyiens . 442 | Greater than 40 percent of mess 196.
~— " 443 | 17-29 percent of mass 442,
5_:4 $.8-Pervafiucrobohenyt ...
> 4 SILLING CODE $560-50-M
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. COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TQ 270°C
DETECTOR: MASS SPECTROMETER

W m/z=35 TO 450

ey

R _ﬂ | m/ 2=377

JVL  m/z=375

J l m/z=373
] . |8 S . . . | 1 1 1
a 20 2 k7 )

1. 2 2 2 P
RETENTION TIME, MIN.
Figure 4. Gas chromatogram of chlordane.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOA 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

m/z=35 T0 450

m/2=233 ' W\m

mz=231 4 1 L
m/2=159
L.L.u.l_u.l_m b A o
2 24 28 23 k- k-] de » k]

RETENTION TIME, MIN.
Figure 5. Gas chromatogram of taxaphene.
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COLUMN: 3% $P-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN; 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

|

|
LW u\(k wr2-5 70 15

m/z =234

J\A\\JL m/2=260

1\ﬂ” A m/2=224

8 20 x2 24 28 tﬁ 3 2
RETENTION TIME, MIN.
Figure 6. Gas chromatograrh of PCB-1016.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
’ DETECTOR: MASS SPECTROMETER

_J U\ M:-zsmm

R m/ z2=2580

m/z =224

N \ ) . , ; ! m/2 -190
18 20 2 24 2 P 20 F=

RETENTION TIME, MIN.
Figure 7. Gas chromatogram of PCB-1221.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C

DETECTOR: MASS SPECTROMETER

L_JUU | d m/2=35 T0 450

m/2=260

m/z=224

m/z=130
1, 1] 1 1 1 L 5 I

13 20 22 24 28 28 30 32
RETENTION TIME, MIN.

Figure 8. Gas chromatogram of PCB-1232.
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—

COLUMN: 3X SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C

DETECTOR: MASS SPECTROMETER

N m/z=35 T0 450

m/2=234

k A . m/z=260
/\ m/2=22
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Figure 9. Gas chromatogram of PCB-1242.
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Figure 10. Gas chromatogram of PCB-1248.
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Figure 11. Gas chromatogram of FCB-1254.
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Figure 12. Gas chromatogram of PCB-1260.
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TAILING FACTOR=

)
AS

Exampie calculation: Peak Height = DE =100 mm
10% Peak Height = BO =10 mm
Peak Width at 10% Peak Height x AC = 23 mm
=11 mm
8C=12 mm

Therefore: Tailing Factor :11% =1.1

Figure 13. Tailing factor calculation.
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CHAPTER 4

Preliminary Standard Operation Procedure for the Analysis of
Organochlorine pesticides, polychlorinated biphenys, and

chlorinated herbicides from water, wastewater, sludges, and
soils.
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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 Pesticides and PCBs-
Herbicides
2,4-D Aldrin Endrin aldehyde
2,4-DB a-BHC Heptachlor
2,4,5-T 8 -BHC Heptachlor epoxide
2,4,5-TP w=BHC Kepone
Dalapon g-BHC (Lindane) Methoxychlor
Dicamba Chlordane Toxaphene
Dichloroprop 4,4'-DDD PCB~-1016
Dinoseb 4,4'-DDE PCB-1221
MCPA 4,4'-DDT PCB-1232
MCPP Dieldrin PCB-1242
Endosulfan I PCB-1248
Endosulfan II PCB-1254
Endosulfan sulfate PCB-1260
Endrin

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. 1In 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 10ml or less. Both neat and diluted extracts may be analyzed
by direct injection. Solid samples are extracted with hexane:
acetone (1l: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.






Table 1. Sample extraction methods
Sample
Matrix Method Method Description
Liquid 509A Extract water samples at a neutral
608 pH with extracting solvent using a
3510 separatory funnel. Solvent exchange
during extract concentration.
Liquid 5098 Extract chlorinated phenoxy acids and
8150 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.
Liquid 3520 Continuous liquid-liquid extractor.
Solid 3540 Extract sample w/hexane:acetone 1l:1
using Soxhlet extraction procedure
Solid 3550 Extract sample w/hexane:acetone
using sonication.
Solid 8150 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

‘extraneocus materials. Acids converted

to methyl esters for analysis.



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 lug/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.



APPENDIX A. 509A. Organochlorine Pesticides
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were tested by five laboratories. At an av-
erage COD of 193 mg O,/L in the absence
of chloride, the standard deviation was
%17 mg O,/L (coefficient of variation

ORGANIC CONSTITUENTS (500)

8.7%). At an average COD of 212 mg O,/
L and 100 mg C1=/L, the standard devia-
tion was =20 mg O,/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 contribute
to the presence of these toxic materials in
surface and groundwaters and ultimately
in water supplies. Contamination can occur
through drainage from surrounding ter-

*Approved by Standard Methods Commictee, 1983,

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 organochiorine pesticides
and clilorinated phenoxy acid herbicides in
water are presented here.

509 A. Organochlorine Pesticides

1. General Discussion

a. Principle: This gas chromatographic

procedure is suitable for quantitative de- :
termination of the following specific com-
pounds: BHC, lindane, heptachlor, aldrin,
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heptachlor epoxide, dieidrin, endrin, cap-
tan, DDE, DDD, DDT, methoxychlor, en-
dosulfan, dichloran, mirex, and penta-
chloronitrobenzene. Under favorable cir-
cumstances, strobane, toxaphene, chlor-
dane (tech.), and others aiso 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. Trifluralin and certain organo-
phosphorus pesticides, such 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 chro-
matography. Although procedures detailed
below refer primarily to packed columns,
capillary columa 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-methane, helium, or hydrogen. The
stationary phase is a liquid that has been
coated on an inert granular solid, called
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
artached 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-
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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 microsyringe. The pes-
ticides are vaporized and moved through
the column by the carrier gas. They travel
through the column at different rates, de-
pending on differences in partition coefi-
cients between the mobile and stationary
phases, As 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 systemn may be selected on the
basis of the specificity and sensitivity
needed. The detector used in this method
is an electron-capture detector that is very
sensitive to chlorinated compounds. Ad-
ditional confirmatory identification can be
made from retention data on two or more
columns where the stationary phases are of
different polarities. A two-column proce-
dure that has been found particularly useful
is specified. If sufficient pesticide is avail-
able for detection and measurement, con-
firmation by a more definitive technique,
such as mass spectrometry, is desirable.

b. Interference: Some compounds other
than chlorinated compounds respond to
the electron-capture detector. Among these
ars oxygenated and unsaturated com-
pounds. Sometimes plant or animal ex-
tractives obscure pesticide peaks. These
interfering substances often can be re-
moved by auxiliary 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 plasticizers, hydraulic fluids,
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and old transformer fluids 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-
specific detectors such as microcoulometric
or electrolytic conductivity detectors.

¢ Detection limits: The ultimate detec-
tion limit of a substance is affected by many
factors, for example, detector sensitivity,
extraction and cleanup efficiency, concen-
trations, and detector signal-to-noise level.
Lindane usuaily 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 likely to increase interference
with all pesticides.

d. Sample preservation: 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 analyzed. Ana-
lyze extracts within 40 d.

2. Apparatus

Clean thoroughly all 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

ORGANIC CONSTITUENTS (500)

pesticide-quality hexane. As a precaution,
glassware may be rinsed with the extracting
solvent just before use. Heat heavily con-
taminated glassware in a muffle furnace at
400°C for 15 to 30 min. High-boiling-point
materials, such as PCBs, may require over-
night heating at 500°C, but no borosilicate
glassware can exceed this temperature
without risk. Do not heat 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 flask and 10-mL gradu-
ated lower tube fitted with a 3-ball Snyder
column, or equivalent.

¢ Separatory funnels, 2-L capacity, with
TFE stopcock.

d. Graduated cylinders, 1-L capacity.

e Funnels, 125-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-uL capac-
ity.

L Hot water bath

J. Gas chAromatograph, equipped with:

1) Glass-lined injection port.

2) Electron-capture detector.

3) Recorder: Potentiometric strip chart,
25-cm, 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 Chromiz. Godax, 6 Varick Place, New York, N.Y.
of equuvalent.
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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:

o Carrier-gas line with a molecular sieve
drying cartridge and a trap for removal of
oxygen from the carrier gas. A special pur-
ifiert may be used. Use only dry carrier
gas and insure that there are no gas leaks.

o Oven temperature stable to £0.5°C or
better at desired setting.

o 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 4mm ID are used most com-
monly. The carrier-gas flow is approx-
imately 60 mL/min. When 2-mm-ID col-
umns are used, reduce carrier-gas flow to
about 25 mL/min. Adequate separations
have been obtained by using 5% OV-210
on 100/120 mesh dimethyl-dichlorosilane-
treated diatomaceous earth? in a 2-m col-
umn. The 1.5% OV-17 and 1.95% QF-1
column is recommended for confirmatory
analysis. Two additional column options
are included: 3% OV-1 and mixed-phase
6% QF-1 + 4% SE-10Q, cach on dimethyi-
dichlorosilane-treated diatomaceous earth,
100-120 mesh. OV-210, which is a refined
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 509:1 through 509:4.

tHydrox, Macheson Gas Products, P. Q. Box E, Lynd-
hurst, NJ., or equivalent.

+Gas Chrom Q, Applied Science Labs., Inc. P. Q. Box
440, Sate College. Pa. or equivaient,
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Alternately, use fused silica capillary§
columns, 30 m long with a 0.32-mm ID
and 0.25-um film thickness, or equivalent.
See Figure 509:5. To confirm identification
use a column of different polarity.|

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 determine a blank before
use.

a. Hexane

b. Petroleum ether, boiling range 30 to
60°C.

¢ Diethyl ether: CAUTION: Explosive per-
oxides tend to form. Test for presence of
peroxides®*® and, if present, reflux over
granulated sodium-lead alloy for 8 &, distill
in a glass apparatus, and add 2% methanol.
Use immediately or, if stored, test for per-
oxides before use.

d. Ethyl acetate.

e. Methylene chloride.

/- Magnesia-silica gel, T 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 130°C in foil-
covered glass container.

g Sodium sulfate, Na,SO, anhydrous,
granular: Do not accept in plastic con-

§J & W Scientific, DB-S, DB-{701, or equivalent.

U & W Scientific, DB-1, or equivaient,

#Gas chromatographic methods are extremely sensitive
t0 the materiais used. Mention of trade names by “Scand-
ard Methods™ does not preciude the use of other existing
or as-yet-undeveioped products that give demomsrradly
equal results.

**Use E M. Quant™, MCB Manufacturing Chemists,
Inc., 2909 Highland Ave., Cincinnad, Ohio, or equivalent.
++Flonisil™ or equivalent.
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Figure 509:1. .Rsum of gas chromatographic procedure {or orgunochiorine pesticides. Column
packing: 1.5% OV-17 + 1.95% QF-l; carrier gas: argon/methane at 60 mi/min;
columa temperature: 200°C; detector: electron capture in puise mode.

tainer. If necessary, bake in a muffle fur-
nace to eliminate interferences.

h Silanized glass wool

i Column packing:

1) Solid support—Dimethyi dichlorosi-
lane-treated diatomaceous earth,t3 100 to
120 mesh.

2) Liquid phases—QV-1, OV-210, 1.5%
QV-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) Nitrogen gas, purified grade, moisture-
and oxygen-free.

$3Gas-Chrom Q™, Supeicoport, or equivaient.

2) Argon-methane (395 + 5%) for use in
pulse mode.

k. Pesticide reference standards: QObtain
purest standards available (95 to 98%)
from gas chromatographic and chemical
supply houses.

L Stock pesticide solutions: Dissolve 100
mg of each pesticide in ethyl acetate and
dilute to 100 mL in a volumetric flask; 1.00
mL = 1.00 mg.

m. Intermediate pesticide solutions: Di-
lute 1.0 mL stock solution to 100 mL with
ethyl acetate; 1.0 mL = 10 ug.

n. Working standard solutions for gas
chromarography: Prepare final concentra-
tion of standards in hexane solution as re-
quired by detector sensitivity and linearity.
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Figure 509:2. Resuits of gas chromatographic
procedure for organochlorine
pesticides. Column packing: 5%
OV-210; carrier gas: argoan/
methane at 70 mi/min; column
temperature: 180°C; detector:
electroa capture. .

4. Procedure

a Preparation of chromatograph:

1) Packing the column—Use a column
constructed of silanized 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 tg cause unnecsssary
back pressure and not so loose as to create
voids during use. 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 ¢m 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.
Optionaily, 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 flow
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 flow to about SO mL/
min and slowly (over a 1-h period) raise
oven temperature to 230°C. After 24 to 48
h at this temperature the column is ready
for pesticide conditioning.

Adjust oven temperature and carrier-gas
flow rate to approximate operating levels.
Make six consecutive 10-pL injections of
a concentrated pesticide mixture through
column at about 15-min intervals. Prepare
this injection mixture from: lindane, hep-
tachlor, aldrin, heptachlor epoxide, diel-
drin, endrin, and pp’-DDT, each
compound at a concentration of 200 ng/
wl. 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
flush™ technique described below has been
used successfully and is recommended to
prevent sample blowback or distillation
within the syringe needle. Flush syringe
with solvent, then draw a smail volume of
clean solvent into syringe barrel (e.g., | uL
in a 10-uL syringe). Remove needle from
solvent and draw ] uL of air into barrel.
Draw 3 to 4 puL of sample extract into
barrel. Remove needle from sample extract
and draw approximately | L air into bar-
rel. Record volume of sample extract be-
tween air pockets. Rapidly insert needle
through iniet septum, depress plunger,
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Figure 509:3. Chromatogram of pesticide mixture. Column packing: 6% QF-1 + 4% SE.30: crrier
gas: argon/methane st 60 mL/min; column temperature: 200°C; detector: eiectron cap-

mre.

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 Treatment of samples:

1) Sample collection— Fill sampie 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 cylinder 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 15% diethyl ether or

methylene chioride in hexane, pour this
solvent into separatory funnmel, and shake
vigorously for 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-cm-OD column
containing 8 to 10 ecm of Na, SO, into a
Kuderna-Danish apparatus fitted with a
10-mL concenatrator 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
N2a,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,SQ,. Wash Na,S0O, with

e,

[RESTE ME
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Figure 509:4. Chromatogram of pesticide mixture. Columa packing: 3% OV-1; carrier gas: argon/
methane at 70 mL/min; columa temperature: 130°C; detector: electron capture.

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 (50
to 95°C). At this point all methylene chio-
ride present in the initial extracting soivent
has been distilled off. 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
kL of extract solution into 2 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 nor use
methylene chioride) the extract so that peak
size of pesticide is very close to that of
corresponding peaks in standard. (See di-
lution factor, | 5a).

¢) If significant interference is present,
separate interfering substances from pes-
ticide materials by using the cleanup pro-
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Figure 509:5. Chromatogram of pesticide mixture. Column DB-5, 30 m long, muitilevel program
temperature, electron capture detector.

cedure described in the
paragraph.

4) Magnesia-silica gel cleanup—Adjust
sample extract volume to 10 mL with hex-
ane. Place 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 cm anhydrous
granular Na SO, to the top. Pre-elute col-
umn, after cooling, with 50 to 60 mL pe-
troleurn ether. Discard eluate and just

following

§§Florsil™ or equivalent

before exposing sulfate layer to air, quan-
titatively transfer sample extract into col-
umn by careful decantation and with
subsequent petroleum ether washings (S
mL maximum). Adjust elution rate to
about § mL/min and, separately, collect
the eluates in 500-mL Kuderna-Danish
flasks equipped with {0-mL receivers.
Make first elution with 200 mL 6% ethyl
ether in petroleum ether, and the second
with 200 mL 15% ethyl ether in petroleum
ether. Make third elution with 200 mL
50% 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 initiaily with 0% ethyl ether in pe-
troleum ether and proceed as above to yield
four fractions.

Concentrate eluates in Kuderna-Danish
evaporator in a hot water bath as in | 452)
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 Ether Eluate

Aldrin Heptachlor Pentachloro-
BHC Hepuchlor nitrobenzene
Chlordane epoxide Strobane
DDD Lindane Toxaphene
DDE Methoxychlor Trifluralin
DDT Mirex PCBs

15% Ethyl 50% Ethyl

Ether Eluate Ether Eluate

Endosulfan [ Endosulfan [I

Endrin Captan

Dieidrin

Dichloran

Phthalate esters

If present, certain thiophosphate pesticides
will occur in each of the above fractions as
well as in the 1009 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 carry through the same procedure
as for samples. Dilute an equal amount of
intermediate pesticide solution (7 3m
above) to the same final volume. Call peak
height from standard “a” and peak height
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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 sampies as a
quality-controi check.

5. Calculation

a. Dilution factor: If a porton of the
extract solution was concentrated, the di-
lution factor, D, is a decimal; if it was di-
lutad, the dilution factor exceeds 1.

b. Determine pesticide concentrations by
direct comparison to a single standard
when the injection volume and response are
within 10% of those of the sample pesticide
of interest (Table 509:I). Calculate concen-
tration of pesticide:

Ax8xCxD
pe/L = EX FXG
where:
A = ng standard pesticide,
B = peak height of sampie, mm, or area
count,
C = extract volume, pl.
D = dilution factor,
E = peak height of standard, mm, or area
count,
F = volume of extract injected, pl. and
G = volume of sample extracted, mL.

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.

8. Precision and Accuracy

Ten laboratories in an interlaboratory
study selected their own water sampies and
added four representative pesticides to rep-
licate samples, at two concentrations in
acatone. The added pesticides came {rom
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TABLE 509:1. RETENTION RATIOS OF VARIOUS QRGANOCHLORINE
PESTICIDES RELATIVE TO ALDRIN
1.5% QV-17 " 6% QF-1
Liquid phase* + 5% 3% +
1.95% QF-1 ov-210 (o) 8 4% SE-30

Column Temperature 200°C 180°C 180°C 200°C
Argon/ methane

carrier flow 60 mL/min 70 mL/min 70 mL/min 60 mL/min
Pesticide RR RR RR RR
«-BHC 0.54 0.64 0.35 0.49
PCNB 0.68 0.85 0.49 0.63
Lindane 0.69 Q.81 0.44 0.60
Dichloran 0.77 1.29 049 Q.70
Heptachlor 0.82 0.87 0.78 0.83
Aldrin 1.00 1.00 1.00 1.00
Heptachlor epoxide 1.54 1.93 1.28 1.43
Endosulfan [ 1.95 248 1.62 1.79
p.p-DDE 223 210 200 1.82
Dieldrin 2.40 3.00 1.93 212
Capun .59 4.09 .22 1.94
Endrin 293 3.56 2.18 2.42
ap-DDT 316 70 .69 .39
pp-DDD 3.48 375 261 2.55
Endosulfan [I 3.59 4.59 225 bRy
2p-DDT 418 4.07 3.50 kR V3
Mirex &1 3.78 6.6 4.79
Methoxychlor 1.6 6.5 57 4.60
Aldrin
(Min absolute) 3.5 26 40 5.6

* All columns glass, 180 cm X 4 mm [D, solid support Gas-Chrom Q (100/200 mesh).

a single source. Samples were analyzed

cleanup. Precision and recovery data are

with and without magnesia-silica gel given in Table 509:IL

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

*Florisil™ or equivalent.

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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TABLE 509:11. PRECISION AND ACCURACY DATA FOR SELECTED ORGANOCHLORINE PESTICIDES

Precision®
Level Mean ng/L
Added Pre- Recovery Recovery
Pesticide ng/L treatment rg/L % Sy S,
Aldrin 15 No cieanup 10.42 69 4.36 .59
110 79.00 72 3206 20.19
25 Cleanupt 17.00 68 9.13 3.482
100 . 64.54 65 27.16 3.023
Lindane 10 No cleanup 9.67 97 5.28 3.47
100 7291 73 2623 11.492
15 Cleanupt 14.04 94 8.73 5.20
83 $9.08 70 21.49 7.75%
Dieldrin 20 No cieanup 21.54 108 18.16 17.92
125 105.83 85 30.41 21.84
25 Cleanup 17.52 70 10.44 5.10%
130 84.29 65 14,45 16.79%
DDT 40 No cleanup 40.30 10t 15.96 13.42
200 154.87 k) 38.80 24.02
30 Cleanupt 15.54 118 22.62 22.50
185 132.08 ! 49.83 25.31

¢ Sy = gveniil precision and S, = singie-operator precision.

t Use of magnesia-silica ged col !
::.<:r/2-

adsorbed is used to calculate, by simple
proportion, equivalent quantities of gel for
batches having different adsorptive capac-
ities. .

1. Reagents

a Ethyl alcohol, USP or absolute, neu-
tralized to phenolphthalein.

b Hexane, distilled from all-glass ap-
paratus.

e Lauric acid solution: Transfer 10.000
g lauric acid to a 500-mL volumetric flask,
dissolve in hexane, and dilute to 500 mL;
1.00 mL = 20 mg.

d. Phenolphthalein indicator: Dissolve |
g in alcohol and dilute to 100 mL.

e. Sodium hydroxide, 0.05N: Dilute 25
mL 1X NaOH to 500 mL with distilled
water. Standardize as follows: Weigh 100
to 200 mg lauric acid into 125-mL erlen-

p before snalysis.

meyer flask; add 50 mL neutralized ethyl
alcohol and 3 drops phenolphthalein in-
dicator; titrate to permanent end point; and
caleulate 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 erienmeyer flask.
Caover loosely with aluminum foil and heat
overnight at 130°C. Stopper, cool to room
temperature, add 20.0 mL lauric acid so-
lution (400 mg), stopper, and shake occa-
sionally during 15 min. Let adsorbent settle
and pipet 10.0 mL supernatant into a 125-
mL erlenmeyer flask. Avoid including any
gel. Add 50 mL neutral alcohol and 3 drops
phenolphthalein indicator solution; titrate
with 0.05/ NaQOH to a permanent end

point.
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3. Calculation of Lauric Acid Value and
Adijustment of Column Weight

Calculate amount of lauric acid adsorbed
on gel as follows:

Lauric acid value = mg lauric acid/g gel = 200~
(mL required for titration X mg lauric acid/mL
0.05N 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 epoxide, p,p’-DDE, dieldrin,
parathion, and malathion. Dieldrin and
parathion should elute in the {5% 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 usaed 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

& Principie: Chlorinated phenoxy acid
herbicides such as 2,4-D [2,4-dichloro-
phenoxyacetic acid], silvex [2<(2,4,5-tri-
chiorophenoxy) propionic acid], 2,4,5-T
(2.4,5-trichlorophenoxyacetic 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.

Chiorinated phenoxy acids and their es-
ters are extracted from the acidified water
sample with ethyl ether. The extracts are
hydrolyzed and extraneous material is re-
moved by a solvent wash. The acids are
converted to methy! esters and are further
cleaned up on a microadsorption column.
The methyl esters are determined by gas
chromatography.

b. Interference: See Section S09A.15. 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 the 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,SO,) to avoid this possibility.

¢ Detection limitss The practical lower
limits for measurement of phenoxy acid
herbicides depend primarily on sample size
and instrumentation used. If the extract
from a [-L sample is concentrated to 2.00
mL and 5.0 uL of concentrate is injected
into the electron-capture gas chromato-
graph, reliable measurement of 50 ng 2,4
D/L, 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 affected adversely by ex.
traneous material in sample or reagents.
Concentrating the extract progressively
amplifies this complication. Thus, the prac-

.

LY
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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 S09A.2.

a. Sample borttless 1-L capacity, glass,
with TFE-lined screw caps. Bottles may be
calibrated to minimize transfers and po-
tential for contamination.

b. Evaporative concentrator, Kuderna-
Danish, 250-mL flask and S-mL volumetric
receiver.®

¢ 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.*®

e Pipers, Pasteur, disposable, 140 mm
long and 5 mm ID, glass.

/- Microsyringes, 10-uL.

g Sand bath, fluidized,t or water bath.

h Erlenmeyer Aask, 250-mL with
ground-glass mouth to fit Snyder columns.

i Gas chromatographic system: See Sec-
tion 509A.2j. Operating parameters that
produce satsfactory chromatograms for
herbicide analyses are: injector tempera-
ture, 215°C; oven temperature, 185°C; and
carrier-gas flow, 70 mL/min in a 4mm-
ID column.

3. Reagentst

Check all reagents for purity by the gas
chromatographic procedure. Save time and
effort by selecting high-quality reagents
that do not require further preparation.
Some purification of reagents may be nec-

*Kontes or equivaient.
tTeCam or equivalent.
+Chromatographic methods are extremely sensitive (0 the
materials used. Mention of trade names by “Standard
Methods™ does not preciude the use of other existing or

§51

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.

¢ Sodium sulfate, Na,SO,, anhydrous,
granular. Store at [30°C.

d. Sodium sulfate solution: Dissolve 50
mg anhydrous Na, SO, in distilled water
and dilute to 1 L.

e Sodium sulfate, acidified: Add 0.1 mL
conc H,SO, to 100 g Na,SO, slurried with
enough ethyl ether to just cover the solid.
Remove diethyl ether by vacuum drying.
Mix 1 g of resulting solid with § mL dis-
tilled water and confirm that mixture pH
is below 4. Store at 130°C.

[/ Sulfuric acid, H,SO,, conc.

g Sulfuric acid, H,S0,, | + 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
trifluoride 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: Dissoive
100 mg herbicide or methyl ester in 60 mL
diethyl ether; dilute to 100 mL in a voiu-
metric flask 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 flask with a mixture of equai vol-
umes of diethyl ether and toluene; .00 mL
= 10.0 ug.

0. Standard solution for chromatography:

as-yet-undeveioped products that give d wbly equai
resuits.

§Florisil ™ or equivaient
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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 509A.2.

a Sample bortles: 1-L capacity, glass,
with TFE-lined screw caps. Bottles may be
calibrated to minimize transfers and po-
tential for contamination.

b. Evaporative concentrator, Kuderna-
Danish, 250-mL flask and S-mL volumetric
receiver.®

¢. 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.*

e Pipets, Pasteur, disposable, 140 mm
long and S mm ID, glass.

[f- Microsyringes, 10-nL.

g Sand bath, fluidized,} or water bath.

h Erlenmeyer flask, 250-mL with
ground-glass mouth to fit Snyder columns.

L Gas chromatographic system: See Sec-
tion 509A.2j. Operating parameters that
produce satisfactory chromatograms for
herbicide analyses are: injector tempera-
ture, 215°C; oven temperature, 185°C; and
carrier-gas flow, 70 mL/min in a 4mm-
ID column.

3. Reagentst

Check all reagents for purity by the gas
chromatographic procedure. Save time and
effort by selecting high-quality reagents
that do not require further preparation.
Some purification of reagents may be nec-

*Kontes or equivalent.

1TeCam or equivalent

sChromatographic methods are extremely sensitive to the
materials used. Mention of trade names by “Standard
Methods™ does not preclude the use of other existing or
n-yrt-undzveloped products that give d=monstradly equal
resuits.

SS1

essary as outlined below. If more rigorous
treatment is indicated, obtain reagent from
an alternate source.

a. Diethyl ether, reagent grade. See
509A.3c.

b. Toluene, pesticide quality, distilled in
glass, or equivalent.

¢. Sodium sulfate, Na,SO,, anhydrous,
granular. Store at 130°C.

d. Sodium sulfate solution: Dissolve 50
mg anhydrous Na,SO, in distilled water
and dilute to 1 L.

e Sodium sulfate, acidified: Add 0.1 mL
conc H,SO, to 100 g N2a,SO, slurried with
enough ethyl ether to just cover the solid.
Remove diethyl ether by vacuum drying.
Mix | g of resulting solid with § mL dis-
tilled water and confirm that mixture pH
is below 4. Store at 130°C.

/S Sulfuric acid. H,SQ,, conc.

8. Sulfuric acid, H,SO,, 1 + 3. Store in
refrigerator. '

k. Potassium hydroxide solution: Dis-
solve 37 g KOH pellets in distilled water
and dilute to 100 mL.

L Boron triffuoride-methanol, 14% boron
trifluoride 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 flask 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 flask with a2 mixture of equal vol-
umes of diethyl ether and toluene; 1.00 mL
= 10.0 ug.

0. Standard solution for chromatograpay:

§Florisil™ or equivaient.
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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 extraction: Accurately meas-
ure sample (850 to 1000 mL) in a 1-L grad-
uated cylinder (or use a precalibrated
sample bottle to avoid transfer operations).
Acidify to pH 2 with conc H,;SO, aad pour
into a 2-L separatory funnel. Rinse sample
bottle and cylinder with 150 mL ethyi
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. CAUTION: Vent funnel
Jfrequently to prevent excessive pressure
buildup. Collect extract in a 250-mL
ground-glass-stoppered erlenmeyer flask
containing 2 mL. KOH solution. Extract
sample twice more, using 50 mL diethyl
ether each time, and combine extracts in
erlenmeyer flask.

5. Hydrolysies 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 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 layers. The herbicides remain
in the aqueous phase,

Acidify by adding 2 mL cold (4°C) | +
3 H,SO.. Extract once with 20 mL and
twice with 10 mL diethyl ether each. Col-
lect extracts in a 125-mL erlenmeyer flask
containing about 0.5 g acidified anhydrous
Na,SO,. Let extract remain in contact with
Na,SO, for at least 2 h.

e Esterification: Fit a Kuderna-Danish
apparatus with a 5-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

ORGANIC CONSTITUENTS (500)

glass rod. Before concentrating, add 0.5
mL toluene. Reduce volume to {ess than |
mL on a sand or hot water bath heated to
60 to 70°C. Attach a Snyder micro-column
to Kuderma-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 | mL
using a gentle stream of clean, dry nitrogsn
(filtered through activated carbon). CAU-
TION: Do not use new plastic tubing berween
the 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 °
mL with hexane.

Cool and add 0.5 mL boron trifluon.
methanol reagent. Use the small one-ball
Sayder column as an air<ooled condenser
and hold contents of receiver at 50°C for
30 min in the sand bath. Cool and add
enough Na,SO, solution (7 3d above) so
that the toluene-water interface is in the
neck of the Kuderna-Danish volumetric re-
ceiver flask (about 4.5 mL). Stopper flask
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 recsiver to top
of a small column prepared by plugging a
disposable Pasteur pipet with giass wool
and packing with 2.0 cm Na,SO, over .5
cm magnesia-silica gel adsorbent. Collest
eluate in a 2.5-mL graduated centrifuge
tube. Complete transfer by repeatedly rins-
ing volumetric recesiver 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 chromarography: Analyze a suit-
able portion, 5 to 10 uL, 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 extraction: Accurately meas-
ure sample (850 to 1000 mL) in a i-L grad-
vated cylinder (or use a precalibrated
sample bottle to avoid transfer operations).
Acidify to pH 2 with coac H,SO, and pour
into a 2-L separatory funnel Rinse sample
bottle and cylinder with 150 mL ethyl
ether, add ether to separatory funnel, and
shake vigorously for | min. Let phases sep-
arate for at least 10 min. Occasionally,
emulsions prevent adequate separation. If
emuision forms, drain off separated
aqueous layer, invert separatory funnel,
and shake rapidly. CAUTION: Fent funnel
frequently to prevent excessive pressure
buildup., Collect extract inm a 250-mL
ground-glass-stoppered erlenmeyer flask
containing 2 mL KOH solution. Extract
sample twice more, using 50 mL diethyl
ether each time, and combine extracts in
erlenmeyer flask.

b. Hydrolysis: 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 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 layers. The herbicides remain
in the aqueous phase.

Acidify by adding 2 mL coid (4°C) 1 +
3 H,S0,. Extract once with 20 mL and
twice with 10 mL diethyi ether each. Coi-
lect extracts in a 125-mL erlenmeyer flask
containing about 0.5 g acidified anhydrous
Na,S0,. Let extract remain in contact with
Na,SO, for at least 2 h.

¢ Esterification: Fit a Kuderna-Danish
apparatus with a S-mL volumetric recziver,
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 0.5
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 Kudema-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 | mL
using a gentle stream of clean, dry nitrogen
(filtered through activated carbon). Cav.
TION: Do not use new plastic tubing between
the 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 bexane

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 5C°C for
30 min in the sand bath. Cool and add
enough Na,SO, solution (] 3d above) so
that the toluene-water interface is in the
neck of the Kudemna-Danish volumetric re-
ceiver flask (about 4.5 mL). Stopper flask
with a ground-glass stopper and shake vig-
orously for about | 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 cm Na,SQ, over L.5
cm magnesia-silica gel adsorbent. Coilect
eluate in a 2.5-mL graduated centrifuge
tube. Compiete transfer by repeatedly rins-
ing voiumetric receiver with small quan-
tities of toluene until a final eluate volurme
of 2.0 mL is obtained. Check calibration
of centrifuge tubes to insure that gradua-
tions are correct.

d. Gas chromatography: Analyze a suit-
abie portion, 5 to 10 uL, by gas chroma-
tography, using at least two columns for
identification and quantification. Imject
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Figure 509:6. Results of gas chromatographic pro-
cedure for chiorinated phenoxy acid
berbicides. Column: 1.5% QV-17 +
1.95% QF-1; carrier gas: argon
(5%)/methane at 70 mL/min; col-
umn temperatire: 185°C; detector
electron capture.

standard herbicide methyl esters frequently
to insure optimum operating conditions.
Always inject the same volume. Adjust
samiple volume extract with toluene, if nec-
essary, so that the sizes of the peaks ob-
tained are close to those of the standards
(see 1 Sa below). For sample chromato-
grams, see Figures 509:6 and 509:7.

e Determination of recovery efficiency:

240D
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Figure 509:7. Chromatogram of herbicide mix-
ture. DB-S coiumn, 30 m long,
electron capture detector.

Add known amounts of herbicides to 1-L
water sample, carry through the same pro-
cedure as the samples, and determine r=.
covery efficiency. Periodically determine
recovery efficiency and a control biank to
test the procedure. Analyze one set of -
plicates with each series of sampies
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 509:III).

Calculate concentration of herbicide:

AXBxCxD
N Y EX
where:
A = weight of herbicide standard injected,
ag.
B = peak height or area of sample, mm or
mm?,

C = extract volume, ul,

D = dilution factor,

E = peak height or area of standard, mm or
mm?,

F = volume injected, uL, 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}

TaABLE 509:1II. RETENTION TIMES FOR
METHYL ESTERS OF SOME CHLORINATED
PHENOXY ACID HERBICIDES RELATIVE TO

2,4-D METHYL ESTER

Relative Retention Time for
Given Liquid Phase®

1.5% OV-17
+

Herbicide 1.95% QF-1 $% QV-210
24D 1.00 1.00
Silvex 1.34 1.22
2.4,5-T 1.n 1.51
2,4D (min

absolute) 2.00 1.62

® All coiumns glass, 180 cm X 4 mm D, solid support
Gas Chrom Q (100/120 mesh); column temperature
185°C; argon/methane carrier flow, operated 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.

TABLE 509:1V. PRECISION OF PHENOXY ACID HERBICIDES FROM DOSED SURFACE WATER

Single-
Concentration Recovery Operator
Range Number Average Precision
Material ng/L of Sampies % S.%
4D 300-515 11 93 5.0
Silvex 70-290 12 - 94 8.5
24,5-T 90-290 12 100 8.0
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TABLE 509:V. RECOVERY OF PHENOXY ACID HERBICIDES FROM DOSED SURFACE WATER
Amount

Added Recovery
Sample Herbicide ng %
1 24D 308 o4
Silvex 7 87
24.5-T 92 86
2 24D 308 82
Silvex 70 99
2,4,5-T 2 110
3 24D 308 90
Silvex 70 81
4,5-T 92 104
4 24D 470 91
Silvex 126 91
2,4,5-T 140 36
b} 24D 470 97
Silvex 126 86
2.4.5-T 140 96
6 4D s51s 9
Silvex 2 ’ 98
24,5-T 21 104
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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 superchiorina-
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 conditioas,
those para-substituted phenols in which the
substitution is a carboxyl, halogen, meth-
oxyl, or sulfonic acid group. The 4-ami-
noantipyrine 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 | mg phenol/L.
It concentrates the color in 2 nonaqueous
solution. Method C retains the color in the
aqueous solution. Because the relative
amounts of various phenolic compounds in

*Approved by Standard Methods Commirtee, 1981.

a given sample are unpredictable, it is nat
possible to provide a universal standard
containing a mixture of phenols. For this
reason, phenol (C,H,OH) itself has besn
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 coucentrates that con-
tain more than 1 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 (H,PO.). Some highly contaminated
wastewaters may require specialized tech-
niques for eliminating interferences and for
quantitative recovery of phenolic com-
pounds.

b. Eliminate major interferences as fol-
lows (see Section 510A 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 (FeSQ,). 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,PO, and aerating
briefly by stirring. This eliminates the in-

|;.',=

3
L
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3. Calculation of Lauric Acid Value and
Adjustment of Column Waeight

Calculate armount of lauric acid adsorbed
on gel as follows:

Lauric acid value *= mg lauric acid/g gel = 200~
(mL required for titration X mg lauric acid/mL
0.05/ 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 clution of pesticides by the procs.
dure given below.

4. Test for Proper Elution Pattern and
Recovery of Pesticides

Prepare a test mixture containing aldrin,
heptachlor epoxide, p,p’-DDE, dieldrin,
parathion, and malathion. Dieldrin and
parathion shouild elute in the 15% eluate:
all but a trace of malathion in the 50%
cluate, 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 saits of
2,4-D and silvex have been used as aquatic
herbicides in lakes, streams, and irrigation
canals. Phenoxy acid herbicides are very
potent berbicides even at low conceatra-
tions.

1. General Discussion

@ 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 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 (rom the acidified water
sampie 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 509A.15. 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 the 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 (N2,SO,) to avoid this possibility.

¢. Detection limitss The practical lower
limits for measurement of phenoxy acid
herbicides depend primarily on sample size
and instrumentadon used. If the extract
from a 1.L sample is concentrated to 2.00
mL and 5.0 pL of concentrate is injected
into the electron-capture gas chromato-
graph, reliable measurement of 50 ng 2,4-
D/L, 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 affected adversely by ex-
traneous material in sample or reagents.
Concentrating the ‘extract progressively
amplifies this complication. Thus, the prac-

i
¥
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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 extracrion: Accurately meas-
ure sample (350 to 1000 mL) in a I-L grad-
uated cylinder (or use a precalibrated
sample bottle to avoid transfer operations).
Acidify to pH 2 with conc H,SO, and pour
into a 2-L separatory funnel. Rinse sample
bottle and cylinder with 150 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. CAUTION: Fent funne!
[frequently to prevent excessive pressure
buildup. Collect extract in a2 250-mL
ground-glass-stoppered  erlenmeyer flask
containing 2 mL KOH solution. Extract
sample twice more, using 50 mL diethyl
ether each time, and combine extracts in
erienmeyer flask.

b Hydrolysic 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 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 layers. The herbicides remain
in the aqueous phase.

Acidify by adding 2 mL cold (4°C) | +
3 H,SO,. Extract once with 20 mL and
twice with 10 mL diethy! ether each. Col-
lect extracts in a 125-mL erlenmeyer flask
containing about 0.5 g acidified anhydrous
Na,SO,. Let extract remain in contact with
Na,SO, for at least 2 h.

¢ Esterification: Fit a Kuderna-Danish
apparatus with a S-mL volumetric receiver.
Transfer diethyl ether extract to Kuderna-
Danish apparatus through a funne! plugged
with glass wool. Use liberal washing of
ether. Crush any hardened Na,SO, with a

ORGANIC CONSTITUENTS (SC0)

glass rod. Before concentrating, add 0.5
mL toluene. Reduce volume to less than |
mL on a sand or hot water bath heated to
60 to 70°C. Attach a Snyder micro~<olumn
to Kuderna-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 mlL
using a gentle stream of clean, dry nitrogea
(filtered through activated carbon). Car-
TION: Da not use new plastic tubing berween
the carbon trap and the sample as inzerfer-
ences may be introduced. Rinse internal
wall of ampule with hexane during con-
centration, never let extract go to drymess,
and keep ampule solvent level below water
level in the bath. Adjust final volurme to |
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 recsiver at 5C°C for
30 min in the sand bath. Cool and add
enough Na,SO, solution (] 3d above) so
that the toluene-water interface is in the
neck of the Kuderna-Danish volumetric re-
ceiver flask (about 4.5 mL). Stopper flask
with 2 ground-glass stopper and shake vig-
orously for about | min. Let stand for 3
min for phase separation.

Pipet solvent layer from receiver ta top
of a small column prepared by plugging a
disposable Pasteur pipet with glass wool
and packing with 2.0 cm Na, SO, over 1.5
cm 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 are correct.

d. Gas chromatography: Analyzs a suit-
able portion, 5 to 10 pL, by gas chroma-
tography, using at least two columas for
identification and quantification. Inject
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Figure 509:6. Resuits of gas chromatographic peo-
cedure for chlorinated phenaxy acid
herhicides. Columa: 1.5% OV.17 +
1.95% QF-1; carrier gas: argon
(3%)/methane at 70 mL/min; col-
umn temperature: 185°C; detector
electron 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 1 Sa below). For sample chromato-
grams, see Figures 509:6 and 509:7.

e. Determination of recovery efficiency:
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Figure 509:7. Chromatogrsm of herbicide mix-
ture, DB-5 column, 30 m long,
electron capcure detector.

Add known amounts of herbicides to 1-L
water sample, carry through the same pro-
cedure as the samples, and determine r=-
covery efficiency. Pericdically determine
recovery efficiency and a control blank to
test the procedure. Analyze one set o7 -
plicates with each series of samples
quality-control check.
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Figure 309:6. Resuits of gas chromatographic pro-
cedure for chlorinated phenoxy scid
berbicides. Column: 1.5% OV-17 +
1.95% QF-1; crmier gas: argon
(3%)/methane at 70 mL/min; coi-
umn temperature: [85°C; detector:
electron capture.

standard herbicide methyl esters frequently
to insure optimum operating conditions.
Always inject the same volume. Adjust
sampie volume extract with toluene, if nec-
essary, so that the sizes of the peaks ob-
tained are close to those of the standards
(see 1 5a below). For sample chromato-
grams, see Figures 509:6 and 509:7.

e Determination of recovery eficiency:
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Figure 509:7. Chromacogram of herbicide mix-
ture. DB-5 column, 30 m long,
electron capture detector.

Add known amounts of herbicides to |-L
water sample, carry through the same pro-
cedure as the samples, and determine ra-
covery efficiency. Pericdically determine
recovery efficiency and a control blank to
test the procedure. Analyze one set of du-
plicates with each series of samples as a
quality-control check.
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5. Calcuiation

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 l.

Compare peak height or area of a stand-
ard to peak height or area of sample to
determine amount of herbicide injected (see
Table 509:1II).

Calculate concentration of herbicide:

_AxBxCxD

e/l EXFXG
where:
A = weight of herbicide standard injected,
ng.
B = peak height or area of sample, mm or
mm?,

C = extract volume, ul,

D = dilution factor,

E = peak height or area of standard, mm or
mm?,

F = volume injected, wl., 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 509:1II. RETENTION TIMES FOR
METHYL ESTERS OF SOME CHLORINATED
PHENOXY AcCID HERBICIDES RELATIVE TO

2,4-D METHYL ESTER

Relative Retention Time for
Given Liquid Phase*

1.5% OV-17
-+

Herbicide 1.95% QF-1 $% QV-210
4D 1.00 1.00
Silvex 1.34 1.22
2,4,5-T . 1.51
1.4-D (min

absolute) 2.00 1.62

* All columns glass, 180 em X 4 mm [D, solid support
Gas Chrom Q (100/120 mesh); coiumn temperature
185°C; argon/methane carrier flow, operated in puise
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.

TaBLE 509:1V. PRECISION OF PHENOXY ACID HERBICIDES FROM DOSED SURFACE WATER

) Singie-
Concentration Recovery Operator
Range Number Average Precision
Material ng/L of Sampies % S. %
24D 300-515 11 93 5.0
Silvex 70-290 12 94 8.5
.4.5-T 90-~290 12 100 8.0
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TABLE 50%V. RECOVERY OF PHENOXY ACID HERBICIDES FROM DOSED SURFACE WATER

Amount
Added Recovery
Sampie Herbicide ng %
1 24D 308 94
Silvex 70 87
24,5-T 92 86
2 4D 308 82
Silvex ) 99
24,5-T 92 110
] . 24D 308 90
Silvex 70 81
24,5-T 92 104
4 24D 470 91
Silvex 126 91
24,5-T 140 86
b 4D 470 97
Silvex 126 36
24,5-T 140 96
6 4D 518 99
Silvex 222 98
24,5-T 21! 104
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APPENIDX C. EPA Test Method 608-Organochlorine
Pesticides andd PCB's



EFA

United States
Environmental Protection

Agency

Environmentai Monitoring and
Support Laboratory
Cincinnati OH 45268

Research and Development

Test Method

Organochlorine Pesticides
and PCBs — Method 608

1. Scope and Application

1.1 This method covers the
determination of certain organochlorine
pesticides and PCBs. The following
parameters can be determined by this
method:

Parameter STORET No. CAS No.

Aldrin 39330 309-00-2
a-B8HC 39337 319-84-6
B-BHC 39338 319-.88-7
d¢-BHC 34259 319-86-8
y-BHC 39340 58-89-9
Chiordane 39350 57-74-9
4,4°-DDD 39310 72-54-8
4,4'-DDE 39320 72-558-9
4,4°-00T 39300 50-29-3
Dieidrin 39380 60-57-1
Endosuifan | 34361 959-98-8
Endosuifan il ‘34356 33212-65-9
Endosuifan suifate 34351 1031-07-8
Endrin 39330 72-20-8
Endrin aldehyde 34366 7421-93-4
Heptachior 39410 76-44-8
Heptachlor epoxide 39420 1024-57-3
Toxaphene 39400 8001-358-2
PCB8-10186 34871 12674-11-2
PCB-1221 39488 11104-28-2
PCB-1232 39492 11141.186-5
PCB-1242 39496 53469-21-9
PC8-1248 39500 12672-29-6
PCB-1254 39504 11097-69-1
PCB-1260 39508 11096-82-5

1.2 This is a gas chromatagraphic
(GC) method applicable to the determi-
nation of the compounds listad above
in municipal and industriaj 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 identifi-
cations should be supported by at least

608-71 July 1982

one additional qualitative technique.
This method describes anaiytical
canditions for 3 second gas-
chromatographic column that can be
used to confirm measurements made
with the primary coiumn, Method 625
provides gas chromatograph/mass
spectrometer (GC/MS) conditions
appropriate for the qualitative and



silicone rubber tubing may be usad.
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
sampie. An integrating flow meteris
required to collect flow proportional
composites.

5.2 Glassware (All specifications are
suggested. Catalog numbers are
included for illustration oniy).

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 D, with coarse frit.

5.2.3 Chromatographic column—
Pyrex, 400 mmiong x 22 mm ID,
with coarse fritted plate and Teflon
stopcock (Kontes K-42054 or
equivalent).

5.2.4 Concentrator tube, Kuderna-
Danish— 1 0-mL, graduated (Kontes K-
57Q050-1025 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 equivaient). Attach to
concentrator tube with springs.

5.2.6 Snyder column, Kuderna-
Danish—three-ball macro (Kontes
K-503000-0121 or equivaient).

5.2.7 Vials—Amber glass, 10- to
15-mL capacity, with Teflon-lined
screw cap.

5.3 Boiling chips— approximately
10/40 mesh. Heat to 400 °C for 30
minutes or Soxhiet extract with
methyiene chloride.

5.4 Water bath—Heated, with
concentric ring cover, capabie of
temperature control { £ 2 °C). The bath
should be used in a hood.

5.5 Balance—Analytical, capabie 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 synnges, analytical columns,
gases, detector, and strip-chart
recorder. A data system is
recommended for measuring peak
areas.

5.6.7 Column1—-1.8mlong x 4
mm iD giass, packed with 1.5%

SP-2250/1.95% SP-2401 on
Supeicoport {100/120 mesh) or
equivalent. Column 1 was used to
develop the method performance
statements in Section 14. Guidelines
for the use of aiternate coiumn
packings are provided in Section 12.1.

5.6.2 Column2—1.8mlong x 4
mm D glass, packed with 3% OV-1 on
Supelicoport (100/120 mesh) or
equivalent.

5.6.3 Detector—Eiectron 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 14,
Guidelines for the use of aiternate
detectors are provided in Section 12.1.

6. Reagents

8.1 Reagent water—Reagent water is
defined as a water in which an inter-
ferent is not observed at the MDL of
each parameter of interest.

6.2 Sodium hydroxide soiution {10
N}—{ACS). Dissolve 40g NaGQH in
reagent water and dilute to 100 mL.

8.3 Sodium thiosuifate—(ACS).
Granuiar.

8.4 Sulfuric acid solution {1 +1)—
{ACS). Slowly, add 50 mL H,S04 (sp.
gr. 1.84) to 50 mL of reagent water.

8.5 Acetone, hexane, iscoctane
(2,2,4-rimethylpentane), methylene
chioride— Pesticide quality or
aquivalent.

8.8 Ethyl ether— Pesticide quality or
equivaient, redistilled in glass if
necessary.

6.6.17 Must be free of peroxides as
indicated by EM Laboratories Quant
test strips (Available from Scientific
Products Co., Cat. No. P1126-8, and
others suppliers.)

6.6.2 Procadures 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.

8.7 Sodium suifate—(ACS) Granular,
anhydrous. Purify by heating at 400 °C
for 4 hours in a shallow tray.

6.8 Florisil—~PR grade (60/100
mesh); purchiase activated at 1250 °F
and store in dark in giass containers
with glass stoppers or foil-lined screw
caps. Before use, activate each batch
atleast 16 hours at 130 °C in a foil
covered glass container.

6.9 Mercury—Triple distilled.
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6.10 Copper powder—Activated.

6.11 Stock standard solutions (1.00
ug/ul) — Stock standard solutions can
be prepared from pure standard
materiais or purchased as certified
solutions.

6.11.1 Prepare stock standard
solutions by accurately weighing about
0.0100 grams of pure material.
Dissoive the material in isooctane,
dilute to volume in 3 10-mL volumetric
flask. Larger volumes can be used at
the convenience of the anaiyst. If
compound purity is certified at 36% or
greater, the weight can be used
without correction to calcuiate the
concentration of the stock standard.
Commercially prepared stock standards
can ba 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 shouid
be checked frequently for signs of
degradation or evaporation, especially
just prior to preparing calibration
standards from them. Quality controi
check standards that can be used to
determine the accuracy of calibration
standards will be available from the
U.S. Environmental Protection Agency,
Environmentai Monitoring and Support
Laboratory, Cincinnati, Ohio 45268.

6.11.3 Stock standard soiutions
must be replaced after six months, or
sooner if comparison with check
standards indicate a probiem.

7. Calibration

7.1 Establish gas chromatographic
operating parameters which produce
retention times equivalent to those
indicated in Table 1. The gas
chromatographic system may be
calibrated using the external standard
technique {Section 7.2) or the internai
standard technique (Section 7.3).

7.2 External standard calibration
procedure:

7.2.1 Prepare calibration standards
at a minimum of three concentration
lavels far each parameter of interast 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 abova, the
MODL and the other zoncentrations
shouid corraspond to the expected
range of concentrations found in real
samples or shouid devine the working
range of the detector.



the performance of the laboratory for
each spike concentration and
parameter being measured.

8.3.7 Calculate upper and lower
control limits for method performance:

Upper Control Limit (UCL) = R + 3s
Lower Control Limit {LCL) = 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{10)
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 deveioped by the analysis of four
aliquots of wastewater as described in
Section 8.2.2, followed by the calcuia-
tion of R and s. Alternately, the analyst
may use four wastewater data points
gathered through the requirement for
continuing quality control in Section
8.4. The accuracy statements shouid
be updated reguiariy(10),

8.4. The laboratory is required to
collect a portion of their samples in
duplicate to maonitor spike recoveries.
The frequency of spiked sampie anaiysis
must be at least 10% of ail sampies or
one sample per month, whichever is
greater. One aliquot of the sampie must
be spiked and analyzed as described in
Section 8.2. If the recovery for a
particuiar parameter does not fail
within the control limits for method
performance, the resuits reported for
that parameter in ail sampies processed
as part of the same set must be quali-
fied as described in Section 13.5. The
laboratory shouid monitor the frequency
of data so qualified to ansure that it
remains at or below 5%.

8.5 Before processing any sampies,
the anaiyst shouid demonstrate through
the analysis of a one-liter aliquot of
reagent water, that ail glassware and
reagent interferences are under control.
Each time a set of sampies is extracted
or there is a change in reagents, a
laboratory reagent biank shouid be
processed as 3 safeguard against
laboratory contamination.

1.6 Itis recommended that the
1aboratory adopt additionai 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 possibie, the
laboratory shouid perform analysis of
standard reference materials and parti-
cipate in relevant performance
evaluation studies.

9. Sample Collection,
Preservation, and Handling

9.1 Grab sampies must be collected
in glass containers. Conventional
sampling practicas!11} shouid be
followed, excapt that the bottle must
not be prewashed with sample before
collection. Composite sampies should
be colilected 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 aidrin is to be
determined, add sodium thiosuifate
when rasidual chlorine is present. U.S.
Environmentai Protection Agency
methods 330.4 and 330.5 may be
used to measure chiorine residuai(12!,
Field test kits are availabie for this
purpose.

9.3 All sampies must be extracted
within 7 days and compietely analyzed
within 40 days of extractioni2),

10. Sample Extraction

10.1 Mark the water meniscus on the
side of the sample bottle for later deter-
mination of sampie volume. Pour the
entire sample into a two-liter separatory
funnel.

10.2 Add 60 mlL methylene chioride
to the sampie bottle, seal, and shake
30 seconds to rinse the inner surface.
Transfer the soivent to the separatory
funnel and axtract the sample by
shaking the funnel for two minutes
with periodic venting to release gxcess
pressure. Allow the organic layer to
separate from the water phase for a
minimum of 10 minutes. If the emuision
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 chioride extract
in a 250-mL Erienmeyer flask.

10.3 Add a second 6§0-mL volume of
methyilene chioride 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 Kuderna-Danish
(K-0) concentrator by attaching a
10-mL concentrator tube to a 500-mL
evaporative flask. Other concantration
devices or techniques may be used in
place of the Kuderna Danish if the
requirements of Section 8.2 are met.

10.5 Pour the combined extract
through a drying column containing
about 10 cm of anhydrous sodium
suifate, and collect the extract in the
K-D concentrator. Rinse the Erfenmaeayer
flask and column with 20 to 30 mL of
methyiene chioride to complete the
quantitative transfer.

10.6 Add one or two clean boiling
chips to the evaporative flask and
attach a three-ball Snyder coiumn.
Prewet the Snyder column by adding
about 1 mL methylene chioride to the
top. Place the K-D apparatus on a hot
water bath (60 to 65 °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. Adjust the verticai
position of the apparatus and the water
temperature as required to compiete
the concentration in 15 to 20 minutes.
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 1 mL, remove
the K-D apparatus and ailow 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 bailing chip and reattach the
Snyder column. Prewet the column by
adding about 1 mi of hexane to the
top. Concentrate the solvent axtract as
before. The alapsed time of concentra-
tion should be 5 to 10 minutes. When
the apparent volume of liquid reaches 1
mL, remaove the K-O apparatus and
allow it to drain and cooi at least 10
minutes.



13.2 Whenitis 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 muiticomponent 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 of each identified
peak in the chromatogram. Calculate
as total response in the sample versus
total response in the standard.

13.4 Report resuits in micrograms
per liter without correction for recovery
data. When duplicate and spiked
sampies are analyzed, report all data
obtained with the sample resuits.

13.5 For samples processed as part
of a set where the laboratory spiked
sampie 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
{MDL) is defined as the minimum
concentration of a substance that can
be measured and reported with 39%
confidence that the vaiue is above
zerol1), The MDL concentrations listed
in Table 1 were obtained using reagent
water!17), 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 appiicabie over the
concentration range from 4 x MDL up
to 1000 x MDL with the foilowing
exceptions: Chiordane recovery at 4 x
MDL was low (6Q%); Toxaphene
recovery was demonstrated linear over
the range of 10 x MDL to 1000 x
MOLOT T,

14.3 In a single laboratory (South-
west Research Institute), using spiked
wastewater samples, the average
recoveries presented in Table 3 were
obtained!4), Each spiked sampie was
anaiyzed in triplicate on two separate
days. The standard deviation of the
percent recovery is also included in
Tabie 3.

14.4 The U.S. Environmental Protec-
tion Agency is in the process of
conducting an interiaboratory method
study to fully define the performance
of this method.
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Figure 4. Gas chromatogram of PC8-1016.
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Figure 8. Gas chromatogram of PC8-1221.
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Figure 8. Gas chromatogram of PC8-1232.
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Figure 9. Gas chromatogram of PC8-1254.
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Method 608—~0Organochlorine Pesticides and
PCBs-
1. Scope and Application

1.1. This method covers the determination

of certain organochlorine pesticides and
PCHs. The following parameters can be

determined by this method:
Parameter STORET No. CAS No.

Y N SOUU——— 3930 309-00=2
ot | o O— 39337 319-84-8
P > S— 39338 | 319-85-7
-8HC 34259 319-96-3
oM 39340 8-89-9
Z:m 13S0 $§7-74-0
4,4'=000 IR0 T72-84-4
4,4'-D0E 39320 72-55+9
4,4°-00T 39300 50-29-3
Dietann 39380 60-57-1
Encaosulten | 34361 959-00-8
gtan It 34358 | IIN2-65-9
Encosulian sulale. 34381 1031-07-8
Enann 39390 72-20-8
Encnn aidefwoe 34368 7413
eptachi 39410 T6—4a-8
29420 1024-57-3
T 39400 3001-35-2
PCB-1016 34671 | 12674-11-2
PCB-1221. 19488 1104-28-2
PCB-1232 30482 | 11141-16-5
PCB-1242. 39496 | 53489-21-9
PCB-1248 29500 | 12672-29-6
PCB~1254 29504 | 11097-88~1
PCB-1280. 39508 | 11096-82-5

1.2 This is a gas chromatographic {(GC)
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 shouid 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 {or the qualitative and
quantitative confirmation 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-listed in Table 1. The MDL for a specific
wastewater may differ from those listed.
depending upon the nature of interferences in
tire.sample matrix,

1:4- The sample extraction and
comrcentration steps in this method are
essentially the same as in Methods 606, 609,
611, and 612 Thus. a single sampie may be
extracted to measure the parameters
included in the scope of each of these
methods. When cleanup is required. the
concentration levels must be high enough to
permit selecting aliquots. as necessary, to
apply appropriate cleanup procedures. The
analyst is allowed the-latitude, under Section
1Z. to select chromatographic conditions
appropriate for the simuitaneous
measurement of combinations of these
parameters.

1.5 Any modification of this method,
beyond those expressly permitted. shail 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
acceptable results with this method using the
procedure described in Section 82

2 Summary of Method

21 A measured volume of sampie,
approximately 1-L. is extracted with
methylene chloride using a separatory funnel.
The methylene chloride extract is dried and
exchanged to hexane during concentration to
a volume of 10 mL or less. The extract is
separated by gas chromatography and the
parameters are then measured with an
electron capture detector.?

2.2 The method provides a Florisil column
cleanup procedure and an elemental suifur
removal procedure to aid in the elimination of
interferences that may be encountered.

3. Interferences

3.1 Method interferences may be caused
by contaminants in solvents, reagents,
glassware, and other sample processing
hardware that lead to discrete artifacts and/
or elevated baselines in gas chromatograms.
All of these materials must be routinely
demonstrated to be free {rom interferences
under the conditions of the analysis by
running laboratory reagent blanks as
described in Section 8.1.3.

311 Glassware must be scrupulously
cleaned.? Clean all glassware as soon as
possible after use by rinsing with the last
solvent used in it. Solvent rinsing shouid be
followed by detergent washing with hot
water, and rinses with tap water and distilled
water. The glassware shouid then be drained
dry. and heated in & muffle furnace at 400 °C
for 15 to 30 min. Some thermally stable
materials, such as PCBs. may not be
eliminated by this treatment. Solvent rinses
with acetone and pesticide quality hexane
may be substituted for the muffle furnace
heating. Thorough rinsing with such solvents
usually eliminates PCB interference.
Volumetric ware should not 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.

312 The use of high purity reagents and
solvents helps to minimize interference
problems. Purification of soivents by
distillation in all-glass systems may be
required.

32 Interferences by phthalate esters can
pose 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 50% fractions from
Florisil. Common flexible plastics contain
varying amounts of phthalates. These
phthalates are easily extracted or leached
from such materiais during laboratory
operations. Cross contamination of clean
glassware routinely occurs when plastics are
handled during extraction steps. especially
when solvent-wetted surfaces are handled.
Interferences from phthalates can best be

minimized by avoiding the use of plastics in
the laboratory. Exhaustive cleanup of
reagents and giassware 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 cleanup
procedures in Section 11 can be used to
overcome many of these interferences. but
unique samples may require additional
cleanup approaches to achieve the MDL
listed in Table 1.

4. Safety

4.1 The toxicity or carcinogenicity of each
reagent used in this method has not been
precisely defined: however, each chemical
compound should be treated as a potential
heaith 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
carcinogens: 4.4°-DOT, 4.4°-DDD, the BHCs,
and the 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
composite sampling.

5.1.1 Grab sample bottle—1-L or 1-qt.
amber glass, fitted with a screw cap lined
with Teflon. Foil may be substituted for
Teflon if the sampie is not corrosive. |f amber
botties are not available, protect sampies
from light. The bottle and cap liner must be
washed. rinsed with acetone or methyiene
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
250 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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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—2-L, with Teflon
stopcock.

$.22 Drying column—Chromatographic
column, approximately 400 mm long X 19 mm
ID, with coarse frit filter disc.

§.23 Chromatographic column—<400 mm
long X 22 mm ID, with Teflon stopcack and
coarse {rit filter disc (Kontes K—42054 or
equivalent).

5.2.4 Concentrator tube, Kuderna-
Danish—10~-mL, graduated (Kontes K-
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.

5.2.5 Evaporative flask, Kuderna-
Danish—500-mL (Kontes X-570001-0500 or
equivalent). Attach to concentrator tube with
springs.

5.2.8 Snyder column. Kuderna/Danish—
Three-ball macro (Kontes K-503000-0121 or
equivalent).

5.2.7 Vials—10 to 15~mL, amber glass,
with Teflon-lined screw cap.

$.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°C). The bath should be used in a hood.

5.5. Balance—Analytical. capable of
accurately weighing 0.0001 g.

5.8. Gas chromatograph-—An analytical

tem complete with gas chromatograph

.itable 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.

5.6.1 Column 1—1.8 m long X 4 mm [D
glass, packed with 1.5% 5P-2250/1.95% SP-
2401 on Supelcoport (100/120 mesh) or
equivalent. This columa was used to develop
the method performance statements in
Section 14. Guidelines for the use of alternate
column packings are provided in Section 12.1.

§.8.2 Column 2—1.8 m long X 4 mm ID
glass. packed with 3% OV-1 on Supelcopart
{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 used
to develop the method performance
statements in Section 14. Guidelines for the
use of alternate detectors are provided in
Section 12.1.

8. Reogents

6.1 Reagent water——Reagent water is
defined as a water in which an interferent is
not observed at the MDL of the parameters of
interest.

8.2 Sodium hydroxide solution (10 N}
Dissolve 40 g of NaOH (ACS) in reagent
water and dilute to 100 mL,

Sodium thiosulfate——{ACS) Granular.
Suifuric acid (1 +1}—Slowly, add 50
« H2SO4 (ACS, sp. gr. 1.84) to 50 mL of
reagent water.

8.5 Acetone, hexane, isoactane,
methylene chloride—Pesticide quality or
equivalent,

8.8 Ethyl ether—~Nanograde, redistilled in -
glass if necessary.

8.8.1 Ethyl ether must be shown to be free
of peroxides before it is used as indicated by
EM Laboratories Quant test strips. (Available
from Scientific Products Co.. Cat. No. P1128-
8, and other suppliers.)

6.8.2 Procedures recommended for
removal of peroxides are provided with the
test strips. After cleanup, 20 mL of ethyl
alcohol preservative must be added to each
liter of ether.

8.7 Saodium sulfate—{ACS) Granular,
anhydrous. Purify by heating at 400 *C for ¢ h
in a shallow tray.

6.8 Florisil—PR grade (60/100 mesh).
Purchase activated at 1250 °F and store in the
dark in glass containers with ground glass
stoppers or foil-lined screw caps. Befare use,
activate each batch at least 16 h at 130°Cina
foil-covered glass container and allow to
cool.

6.9 Mercury—Triple distilled.

8.10 Copper powder—Activated.

8.11 Stock standard solutions (1.00 ug/
ul)}—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 g of pure
material. Dissolve the material in iscoctane
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 98% 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 sourcs.

8.11.2 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.

8.11.3 Stock standard solutions must be
replaced after six months, or sooner if
comparison with check standards indicates a
problem.

6.12 Quality control check sampie
concentrate—See Section 8.2.1.

7. Calibration

7.1 Establish gas chromatographic
operating conditions equivalent to those
given in Table 1. The gas chromatographic
system can be calibrated using the external
standard technique {Section 72) or the
internal standard technique {Section 7.3).

7.2 External standard calibration
procedure: .

7.21 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 and diluting to volume with
isooctane. Qne of the external standards
should be at a concantration near, but above,
the MDL {Table 1) and the other
concentrations should correspond to the

expected range of concentrations found in
real samples or should define the working
range of the detector.

7.2.2 Using injections of 2 to 5 ul. analyze
each calibration standard according to
Section 12 and tabulate peak height or area
responses against the mass injected. The
resulls 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 ( <10% relative standard
deviation. RSD), linearity through the origin
can be assumed and the average ratio or
calibration factor can be used in place of a
calibration curve.

73 Internal standard calibration

procedure=~To use this approach. the analyst

must select one or more internal standards
that are 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. Because of
these limitations, no internal standard can be
suggested that is applicable to all samples.

73.1 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 MOL and the other concentrations shouid
carrespond to the expected range of
concentrations {ound in real samples or
should define the working range of the
detector.

73.2 Using injections of 2 to § ul, analyze
each calibration standard according to
Section 12 and tabulate peak height or area
responses against concentration for each
compound and internal standard. Calculate
response {actors {RF) for each compound
using Equation 1.

Equation 1.
RF = (ANC]
(AJ(C)
where:

A, =Response {or the parameter to be

measured.

A, =Response {or the internal standard.

Cw=Concentration of the internal standard

{ug/L).

C,=Cancentraton of the parameter to be

measured {(ug/L).

If the RF vaiue over the working range is a
canstant { < 10% RSD), the RF can be
assumed to be invariant and the average RF
can be used for calculations. Altemnatively,

the results can be used to plot a calibration -

curve of response ratios. A,/A,, vs. 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. If the respanse
for any parameter varies from the predicted
response by more than £15%, the test must
be repeated using a fresh calibration
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standard. Alternatively, 8 new calibration
curve must be prepared for that compound.

75 The cleanup procedure in Section 11
utilizes Florisil column chromatography.
Florisil from different batches or sources may
vary in adsorptive capacity. To standardize
the amount of Florisil which is used. the use
of lauric acid value ? is suggested. The
referenced procedure determines the
adsorption from hexane solution of lauric
acid {mg) per g of Florisil. The amount of
Florisil to be used for each column is
calculated by dividing 110 by this ratio and
muitiplying by 20 g.

7.8 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.

8. Quality Control

81 Each laboratory that uses this method
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 must
maintain records to document the quality of
data that is generated. Ongoing data quality
checks are compared with established
periormance criteria to determine if the
results of analyses meet the performance
characteristics of the methad. When resuits
of sample spikes indicate atypical method
performance, a quality control check
standard must be analyzed to confirm that
the measurements were performed in an in-
control mode of operation.

8.1.1 The anaiyst must make an initial,
ane-time, demonstration of the ability to
generate acceptabie accuracy and precision
with this method. This ability is established
as described in Section 8.2

812 [n recognition of advances that are
qccurring in chromatography, the analyst is
permitted certain options (detailed in
Sections 10.4. 11.1, and 12.1) 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 sampies, the
analyst must analyze a reagent water blank
to demonstrate that interferences {from the
analytical system and glassware are under
cantrol Each time a set of samples is
extracted or reagents are changed. a reagent
weater blank must be procassed as a
safeguard against laboratory contamination.

81.4 The laboratory must. on an ongoing
basis, spike and analyze a minimum of 10% 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
Dasis, demonsirate through the analyses of
quality control check standards that the
cperation of the measurement system is in
cantrol. This procedure is described in
Section 8.4. The frequency of the check
standard analyses is equivalent to 10% of all
sampies analyzed but may be reduced if
spike recoveries from samples (Section 8.3)
meet all specified 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 following
opersations.

8.21 A quality control {QC) check sample
concentrate is required containing each
singie-component parameter of interest at the
following concentrations in acetone: 4.4~
DDD. 10 ug/mL: 4.4°-DDT, 10 ug/mL;:
endosulfan IL 10 pg/ml; endosuifan suifate,
10 pg/mL; endrin, 10 ug/ml; any other single-
component pesticide, 2 ug/mL. If this method
is only ta be used to analyze for PCBs,
chlordane, or toxaphene, the QC check
sample concentrate should contain the most
representative multicomponent parameter at
a concentration of 50 ug/ml in acetone. The
QC check sample concentrate must 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 standards
prepared independently from those used for
calibration.

822 Using a pipet. prepare QC check
samples at the test concentrations shown in
Table 3 by adding 1.00 mL of QC check
sample concentrate to each of four 1-L
aliquots of reagent water.

8.23 Analyze the well-mixed QC check
samples according to the method beginning in
Section 10. _

824 Calculate the average recovery (X)
in pg/mL; and the standard deviation of the
recovery (s} in ug/mL. for each parameter
using the four results.

825 For each parameter compare s and X
with the corresponding acceptance criteria
for precision and accuracy, respectively,
found in Table 3. If s and X for all parameters
of interest meet the acceptance criteria, 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, the system performance is
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
anaiyzed.

828 When 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.

8.28.1 Locate and correct the source of
the problem and repeat the test for all
parameters of interest beginning with Section
3.2.2

8.2.8.2 Beginning with Section 8.2.2, repeat
the test only for those parameters that failed
to meet criteria. Repeated failure, however,
will confirm a general problem with the
measurement system. !f 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.

83 The laboratory must. on an ongoing
basis. spike at least 10% of the sampies 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.

83.1 The concentration of the spike in the
sample should be determined as follows:

8.3.1.1 I, as in compliance monitoring, the
concentration of a specific parameter in the
sample is being checked against a regulatory
concentration limit, the spike should be at
that limit or 1 to § times higher than the
background concentration determined in
Section 8.3.2, whichever concentration would
be larger.

83.12 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 at the test concentration in
Section 8.2.2 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 it is impractical to determine
background ievels before spiking (e.g.,
maximum holding times wil] 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 the test concentration in Section 8.2.2.

8.32 Analyze one sample aliquot to
determine the background concentration (B)
of each parameter. If necessary, prepare a
new QC check sampie concentrate (Section
8.2.1) appropriate for the background
concentrations in the sampie. Spike a second
sample aliquot with 1.0 mL of the QC check
sample concentrate and analyze it to
determine the concentration after spiking (A}
of each parameter. Caiculate each percent
recovery (P) as 100(A~B)%/T. where T is the
known true value of the spike.

833 Compare the percent recovery (P) 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 bath 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 5:1.19 |f
spiking was performed 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) caiculate overall
precision (S°) using the equation in Table 4.
substituting X’ for X: {3) calculate the range
for recovery at the spike concentration as
(100 X'/T)=2.44(100 $'/T)%.10

8.3.4 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 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
<nalysis of a QC check standard will depend

yon 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 measured in the sample in
Section 8.3, the probability that the analysis
of 2 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.

8.42 Analyze the QC check standards to
determine the concentration measured (A) of
each parameter. Calculate each percent
recovery (P,) as 100 (A/T)R. 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

2liance purpases.

3 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 (P)
and the standard deviation of the percent
recavery (s,}. Express the accuracy
assessment as a percent recovery interval
from P—2s,t0 P+2 s, If P=90% and
s, = 10%, 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 ten new accuracy
measurements).

8.8 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 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 containers. Conventional sampling
practices !1 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 possibie 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
sample should be adjusted to a pH range of
5.0 to 9.0 with sodium hydraxide solution or
sulfuric acid. Record the volume of acid or
base used. If aldrin is to be determined, add
sodium thiosulfate when residual chlorine is
present. EPA Methods 330.4 and 330.5 may be
used for measurement of residual chlorine.!s
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 meniscus on the side
of the sample bottle for later determination of
samplie volume. Pour the entire sample into a
2-L separatory funnel.

102 Add 80 mL of methylene chloride to
the sample bottle, seal, and shake 30 3 to
rinse the inner surface. Transfer the salvent
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, 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
250~-mL Erlenmeyer flask.

103 Add a second 80-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 Kuderna-Danish (K-D)
concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporative
flask. Other concentration devices or
techniques may be used in place of the K-D
concentrator if the requirements of Section
8.2 are met.

10.5 Pour the combined extract through a
solvent-rinsed drying column containing
about 10 cm 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 methyiene
chloride to complete the quantitative transfer.

10.6 Add one or twa clean bailing chips to
the evaporative flask and attach a three-ball
Snyder column. Prewet the Snyder column by
adding about 1 mL of methylene chloride to
the top. Place the K--D apparatus on a hot
water bath (60 to 85 *C) so that the
concentrator tube is partially immersed in the
hot water. and the entire jower rounded
surface of the {lask is bathed with hot vapor.
Adjust the vertical position of the apparatus

. capture gas chromatography of certain

and the water temperature as required to
complete the concentration in 15 to 20 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 1 mL
remave the K-D apparatus and allow it to
drain and cool for at least 10 min.
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 .2
the Snyder column. Concentrate the extract
as in Section 10.8, except use hexane to
prewet the column. The elapsed time of
concentration should be 5 to 10 min. -
10.8 Remove the Snyder column and rinse
the flask and its lower joint into the .
concentrator tube with 1 to 2 mL of hexane. A
S-mL syringe is recommended for this
operation. Stopper the concentrator tube and
store refrigerated if further processing will -
not be performed immediately. If the extract
will be stored longer than two days, it should

A h
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be transferred to a Teflon-sealed screw-cap =%
vial. If the sample extract requires no further ;%‘
cleanup, proceed with gas chromatographic Az

g

analysis (Section 12}, If the sample requires
further cleanup, proceed ta Section 11.

10.9 Determine the original sample
volume by refilling the sample bottle to the
mark and transferring the liquid to a 1000-mL
graduated cylinder. Record the sampie
volume to the nearest 5 mL.

1%

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

FRUREI R
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pesticides, can be removed by the technique
described in Section 11.3.

112 Florisil column cleanup:

1121 Place a weight of Florisil (nominally
20 g) predetermined by calibration (Section
7.5), into a chromatographic column. Tap the
column to settle the Florisil and add 1t0 2 cm
of anhydrous sodium suifate to the top.

1122 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.

11.23 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.

1124 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 is 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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e
. s mL/min. Remove the K-D flask and
et it aside for later concentration. Elute the
column agein, using 200 mL of 15% ethyl ether
in bexane (V /V) (Fraction 2), into a second K-
D flask. Perform the third elution using 200
oL of 50% ethyl ether in hexane (V/V}
{Fraction 3). The elution patterns for the
ricides and PCBs are shown in Table 2.
P‘:1.2.5 Concentrate the fractions 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 its
lower joint into the concentrator tube with
hexane. Adjust the volume of each fraction to
10 mL with hexmas:cnnd analyze by gas
chromat phy ( ion 12).

113 glsznentll sulfur will usually elute
entirely in Fraction 1 of the Florisil column
cieanup. To remove sulfur interference from
this fraction or the original extract. pipet 1.00
mL of the concentrated extract into a clean
coocentrator tube or Teflon-sealed vial. Add
one to three drops of mercury and seal.!?

itate the contents of the vial for 15 to 30 s.
Prolonged 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.'* Analyze by gas chromatography.

12. Gas Chromatography

121 Table 1 summarizes the
recommended operating conditions for the
gas chromatograph. [ncluded in this table are
retention times and MDL that can be
achieved under these conditions. Examples of
the separations achieved by Column 1 are
shown in Figures 1 10 10. Other packed or
capillary (open-tubular) columns,
chromatographic conditions, or detectors may
be used if the requirements of Section 8.2 are
met.

122 Calibrate the system daily as
described in Section 7.

123 If the internal standard calibration
procedure is being used, the internal standard
must be added to the sample extract and
mixed thoroughly immediately before
injection into the gas chromatograph.

124 Inject 2to 5 uL of the sample extract
or standard into the gas chromatograph using
the solvent-flush technique.!* Smaller (1.0 uL)
volumes may be injected if automatic devices
are employed. Record the volume injected to
the nearest 0.05 uL. the total extract volume,
and the resulting peak size in area or peak
height units.

3125 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
of the retention time window used to make
identifications should be based 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.

126 If the response for a peak exceeds
the working range of the system. dilute the
extract and reanalyze.

127 If the measurement of the peak
response is prevented by the presence of
interferences, further cleanup is required.

13. Calculotions

13.1 Determine the concentration of
individual compounds in the sample.

13.1.1 If the external standard calibration
procedure is used, caiculate the amount of
material injected from the peak response
using the calibration curve or calibration
factor determined in Section 7.2.2. The
concentration in the sample can be

calculated from Equation 2.
Equation 2,
(A)VY)
Concentration (ug/L)=
(Vi(vi)
where:

A=Amount of material injected (ng).

V,=Volume of extract injected (uL).

V.= Volume of total extract (xL).

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.

(Ad) (L)

Co trati /L) =
neentration (kg L= RF(V.)

where:

A, =Response for the parameter to be

measured.

Ay =Response for the internal standard

I,= Amount of intemal standard added to

each extract (ug).

V,=Volume of water extracted (L).

132 When it is apparent that two or more
PCB (Aroclor) mixtures are present, the
Webb and McCall procedure !* may be used
to identify and quantify the Aroclors.

133 For multicomponent mixtures
{chlordane, toxaphene, and PCBs) match
retention times of peaks in the standards
with peaks in the sample. Quantitate every
identifiable peak uniess interference with
individual peaks persist after cleanup. Add
peak height or peak srea of each identified
peak in the chromatogram. Calculate as total
response in the sample versus total response
in the standard.

134 Report results in ug/L without
correction for recovery data. All QC data
obtained should be reported with the sample
results.

14. Method Performance

141 The method detection limit (MDL) is
defined as the minimum concentration of 8
substance that can be measured and reported
with 99% confidence that the value is above
zero.! The MDL concentrations listed in
Table 1 were obtained using reagent water.!?
Similar results were achieved using

representative wastewaters. The MDL
actually achieved in a given analysis will
vary depending on instrument sensitivity and
matrix effects.

14.2 This method has been tested for
linearity of apike recovery from reagent
water and has been demonstrated to be
applicable over the concentration range from
4 xMDL to 1000 X MDL with the following
exceptions: Chlordane recovery at 4 X MDL
was low (60%): Toxaphene recovery was
demonstrated linear over the range of
10 MDL to 1000 x MDL.17

14.3° This method was tested by 20
laboratories using reagent water, drinking
water, surface water, and three industrial
wastewaters spiked at six concentrations.?®
Concentrations used in the study ranged from
0.5 to 30 ug/L for single-component pesticides
and from 8.5 to 400 ug/L for multicomponent
parameters. Single operator precision, overall
precision, 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 4.
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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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Figure 1. Gas chromatogram of pesticides.
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COLUMN: 1.5% $P-2250/1.95% SP-2401 ON SUPELCOPORY
TEMPERATURE: 200°C.
OETECTOR: ELECTRON CAPTURE
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Figure 2. Gas chromatogram of chlordane.
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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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‘igure 3. Gas chromatogram of toxaphene.
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COLUMN: 1.5% SP-2250/1.95% SP-2401 ON SUPELCOPORT
TEMPERATURE: 150°C.
DETECTOR: ELECTRON CAPTURE
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Figure 4. Gas chromatogram of PC8-1016.
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COLUMN: 1.5% SP-2250/1.35% SP-2401 ON SUPELCOPORT
TEMPERATURE: 160°C.
DETECTOR: ELECTRON CAPTURE
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Figure 5. Gas chromatogram of PCB-1221.
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COLUMN: 1.5% SP-2250/1.95% SP-2401 ON SUPELCOPORT
TEMPERATURE: 160°C.
OETECTOR: ELECTRON CAPTURE
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Figure 6. Gas chromatogram of PCB-1232.
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COLUMN: 1.5% SP-2250/1.95% SP-2401 ON SUPELCOPORT
TEMPERATURE: 160°C.
DETECTOR: ELECTRON CAPTURE
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Figure 7. Gas chromatogram of PCB-1242.



102 Federal Register / Vol. 49. No. 209 / Friday. October 26. 1984 / Rules and Regulatior

COLUMN: 1.8% SP-2250/1.95% SP-2401 ON SUPELCOPORT
TEMPERATURE: 160°C.
DETECTOR: ELECTRON CAPTURE
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Figure 8. Gas chromatogram of PCB-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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Figure 9. Gas chromatogram of PCB-1254.
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Figure 10. Gas chromatogram of PCB8-1260.
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APPENDIX E. Method 8080-Organochlorine Pesticides and PCB's



METHOD 8080
ORGANOCHLORINE PESTICIDES AND PCB'S

1.0 Scope and Application

l.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 Endrin aldehyde
2a-BHC Heptachlor
g-8HC Heptachlor epoxide
w=8HC Kepone
-8HC (Lindane) Methoxychlor
lordane Toxaphene
4,4'-000 pPCB-1016
4,4'-00E pCB-1221
4,4'-00T pPCB-1232
Dieldrin ' PCB-1242
Endosulfan [ PCB-1243
Endosulfan I PCB-1254
Endosulfan sulfate PC8-1260
Endrin

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 ¢leanup 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
usad. 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) procadures. A 2- to 5-ul sample is
injected into a gas chromatograph (GC) using the solvent flush technique, and
compounds in the GC effluent are detacted by an electron capture detector
(ECD) or another halogen-specific detector. An aliquat of each sample will
be spiked with standards to determine the spike recovery and the limits of
detection for that particular sample. It 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'sd

Retention time (min)

Detection 1imitP

Parameter Column 1€ Column 2¢ (ug/1)
Aldrin 2.40 4.10 0.004
a-BHC 1.35 1.82 0.004
B-BHC 1.90 1.97 0.006
w=BHC 2.15 2.20 0.009
g-BHC (Lindane) 0.70 2.13 0.004

hlordane e 0.014
4,4'-0DD 7.83 9.08 0.012
4,4'-0DE 5.13 7.15 0.004
4,4'-D0T 9.40 11.7% 0.012
Dieldrin 5.45 7.23 0.002
Endosulfan [ 4,50 6§.20 0.014
Endosulfan II 8.00 8.28 0.004
Endosulfan sulfate 14,22 10.70 0.066
Endrin 6.55 8.10 0.006
Endrin aldehyde 11.82 9.30 0.023
Heptachlor 2.00 3.35 0.004
Heptachlar epoxide 3.50 5.00 0.083
Methoxychlor 18.20 26.60 0.176
PCB-1016 e e ND
PCB-1221 e e ND
PCB-1232 e e ND
PCB-1242 e e 0.065
PCB-1248 e e ND
pPCB-1254 e e ND
PCB-1260 e e ND

ND = not determined.

3Taken from reference 6.

Boetection Timit 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 l-1iter liquid extract, and assuming a GC injection of 5 ul.

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.D. glass column with
S% Methane/95% Argon carrier gas at 60 ml/min flow rate. Column temperature
is 200° C.

dColumn 2 conditions: Supelcoport 100/200 mesh coated with 3% OV-1 in
a 180-cm long x 4-mm [.0. glass column with 5% Methane/95% Argon carrier gas
at 60 m1/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
1imits 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 demonstratad
to be free from interferencas 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 bte
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 PC8's, may not be eliminatad by
this treatment. Volumetric ware should not be heated in a muffle furnace.
Glassware should be sealed/stored in a clean envircnment 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 is interference-free. Standard quality assuranca
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 an the gas
chromatogram, confirmatory techniques such as mass spectroscopy should
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be used. Detection limits for groundwater and EP extracts are given in
Table 1. Detection limits for these compounds in wastes should be set at

1 pg/g.

4,0 Apparatus and Materials

4,1 Orying column: 20-mm [.D. pyrex chromatographic column with coarse
frit.

4.2 Kuderna-Danish (K-D) 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
equivalent).

4.2.4 Boiling chips: Extracted, approximately 10/40 mesh.

4,3 Water bath: Heated, with concentric ring cover, capable of tempera-
ture control (+2° C). 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 incluging
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 mm 0.D., with coarse
fritted plate and Teflon stopcock (Kontes K-42054-213 or equivalent),

5.0 Reagents

S.1 Preservatives
5.1.1 Sodium hydroxide: (ACS) 10 N in distilled water.

§.1.2 Sulfuric acid (1+1): (ACS) Mix equal volumes of conc.
H2504 with distilled water,

§.2 Methylene chloride: Pesticide quality or equivalent.

5.3 Sodium sulfate: _(ACS) Granular, 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 solutions at a concen-
tration of 1.00 ug/ul 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 lsooctane (2,2,4-trimethyl pentane): Pesticide residue analysis
grade.

5.8 Acetone: Pesticide residue analysis grade.
5.9 Diethyl 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 alcohol
preservative must be added to each 1iter of ether.

5.10 Florisil: PR grade (60/100 mesh); purchase activated at 1250° 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.
[f 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
sulfurjc_acid..
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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 Florisil to form a layer 1-2 cm 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 m1 hexane, adding each rinse to the column.

7.1.2.2 Place a 500-ml K-D flask and clean concentrator tube
under the chromatography column. Drain the column into the flask
unti] the sodium sulfate layer is nearly exposed. Elute the column
with 200 m1 of 6% ethyl ether in hexane (Fraction 1) using a drip
rate of about S ml/min. Remove the K-D flask and set aside for
later concentration. Elute the column again, using 200 m1 of 15%
ethyl ether in hexane (Fraction 2), into a second K-D flask.
Perform the third elution using 200 m] of 50% ethyl ether in hexane
(Fraction 3). The elution patterns for the pesticides and PCB's
are shown in Table 2.

7.1.2.3 Concentrate the eluates by standard K-D 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 PESTICIDES
AND PCB's USING FLORISIL COLUMN CHROMATOGRAPHYa

Percent recovery by fraction®

Parameter 1(6%) 2(15%) 3(50%)

Aldrin 100

a-BHC 100

g-BHC 97

w-BHC 98

g-BHC (Lindane) 100

Chlordane 100

4,4'-000 99

4,4'-D0E 98

4,4'-00T 100

Dieldrin 0 100

Endosulfan I 37 64

Endosulfan I 0 7 a1
Endosulfan sulfate 0 0 106
Endrin 4 96

Endrin aldehyde 0 68 26
Heptachlor 100

Heptachlor epoxide 100

Methoxychlor 100

Toxaphene 96

PC8-1016 97

PC8-1221 97

PC8-1232 95 4

PCB8~1242 97

PCB-1248 103

PCB-1254 90

PC8-1260 95

ATaken from reference 1.
BEluting salvent composition given in Section 7.1.2.2.

8080 / 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 [.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% 0V-1 in
a 180-cm long x 4-mm [.D. glass column with 5% Methane/95% Argon carrier
gas at 60 ml/min flow rate. Column temperature {s 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
1imit. 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 pul 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 more 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 pl 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:

RF = (Ascjs)/(Ajscs)

Response for the parameter to be measured.

e

Response for the internal standard.

Concentration of the internal standard in ug/1.

O
—3
w

[}

Concentration of the parameter to be measured in ug/l.

o
w
[}

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,
As/Ais 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. [f 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 gq.

7.4 Gas chromatographic analysis

7.4.1 Inject 2-5 ul of the sample extract using the solvent flush
technique. Smaller (1.0 ul) volumes can be injected if automatic devices
are employed. Record the volume injected to the nearest 0.05 ul, and
the resulting peak size, in area units.

7.4.2 1If 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
safequard 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 ug/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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Figure 1. Gas chromatogram of pesticides.
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Coiumn: 1.5% SP.2250+

1.95% SP.2401 on Supeiczoport
Temperature: 20C°C '
Detector: Eiecon Capture
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Figure 2. Gas chromatogram of chlordane.
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Coiumn: 1.5% SP- 2250+

1.98% SP.24Q01 on Suceicagor
Temperature. 20Q°C
Detector: Electron Capture
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Figure 3. Gas chromatogram of toxaphene.
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Column: 1.5% SP-2250~

1.95% SP.2401 on Supeicaperm
Temperature: 200°C
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Figure 4. Gas chromatogram of PC3-1254,
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Coiumn: 1,5% SP-225C+

1.95% $7-24Q1 on Supeicogert
Temperature: 200°C
Dewscior: Eleczron Capture

2 8 10 14 18 2 28
RETENTION TIME (MINUTES)

Figure 3. Gas chromatogram of PC3-1260.
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8.3 The method detection limit (MDL) 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 MDL concentrations listed in Table 1 were
obtained using reagent water. Similar results were achieved using represen-
tative wastewaters. The MDL 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 presanted in Table 3 were

obtained. The standard deviation of the measurement in percent recovery fis
also included in Table 3.

TABLE 3. SINGLE OPERATOR ACCURACY AND PRECISION

Average Standard Spike Number
percent deviation range of Matrix
Parameter recovery (%) (ug/1) analyses types
Aldrin 89 2.5 2.0 15 3
a=-BHC 89 2.0 1.0 15 3
B-BHC 88 1.3 2.0 15 3
w=8HC 86 3.4 2.0 15 3
g-BHC (Lindane) 97 3.3 1.0 15 3
Chlordane 93 4,1 20 21 4
4,4'-DDD 92 1.9 6.0 15 3
4,4'-DDE 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
Endrin 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 §5-100 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 625—Base/Neutrals and Acids
—r=Scopeant Appieetion :

1.1 This method covers the determination
of a number of organic compounds that are
partitioned into an organic solvent and are
amenable to gas chromatography. The
parameters listed in Tables 1 and 2 may be
qualitatively and quantitatively determined
using this method.

1.2 The method may be extended to
include the parameters listed in Table 3.
Benzidine can be subject to oxidative losses
during solvent concentration. Under the
alkaline conditions of the extraction step, a-
BHC, v-BHC. endoauifan [ and IL and endrin
are subject to decomposition.
Hexachlorocyclopentadiene is subject to
thermal decomposition in the inlet of the gas
chromatograph. chemical reaction in acetone
solution. and photochemical decomposition.
N-nitrosodimethylamine is 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 parameters 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 CTR 138.1.

1.4 The method detection limit (MDL.
defined in Section 18.1) ! for each parameter
is listed in Tables 4 and 5. The MDL for a
specific wastewater may differ from those
listed. depending 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 of alternate test
procedures under 40 CFR 136.4 and 136.5.
Depending upon the naturs of the
modification and the extent of intended use,
the applicant may be required to demonstrate
that the modifications will producs
equivalent resuits when applied to relevant
wastewaters. .

1.8 This method is restricted to use by or
under the supervision of analysts
experienced in the use of a gas
chromatograph/mass spectrometer and in the
interpretation of mass spectra. Each analyst
must demonstrate the ability to generate
acceptable results with this method using the
procedure described in Section 8.2.

2 Summary of Meathod

21 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 2 using a
separatory funnel or a continuous extractor.
The methylene chloride extract is dried,
concentrated to a volume of 1 mL, and
analyzed by GC/MS. Qualitative
identification of the parameters in the extract
is performed using the retention time and the
relative abundance of three characteristic
masses (m/z). Quantitative analysis is
performed using- internal
standard techniques with a single
characteristic m/z.

2. [nterferences

31 Method interferences may be caused
by contaminants in solvents, reagents,
glassware, and other sample processing
hardware that lead ta discrete artifacts and/
or elevated baselines in the total ion current
profiles. All of these materials must be
routinely demonsirated to be free from
interferences under the conditions of the
analysis by running laboratory reagent
blanks as described in Section 8.1.3.

3.1.1 GClassware must be scrupulously
cleaned.? Clean all glassware 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 muifle furnace at 400 *C
for 15 to 30 min. Some thermally stable
materials, such as PCBs, may not be
eliminated by this treatment. Saolvent rinses
with acstone and pesticide quality hexane
may be substituted for the muffle furnace
heating. Thorough rinsing with such solvents
usually eliminates PCB interference.
Volumetric ware should not 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.

32 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.

3.3 The base-neutral extraction may
cause significantly reduced recovery of
phenol, 2-methyiphenol. and 2.4-
dimethyiphenol The analyst must recognize
that resuits obtained under these conditions
are minimum concentrations.

3.4 The packed gas chromatographic
columns recommended for the basic fraction
may not exhibit sufficient resolution for
certain isomeric pairs including the following:
anthracene and phenanthrene: chrysene and
benzo(a)anthracene: and
benzo(b)fluoranthene and
benzo(k)fluoranthene. The gas
chromatographic retention time and mass
spectra for these pairs of compounds are not
sufficiently different to make an
unambiguous identification. Alternative
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) mass spectrometry may make
identification easier. Tables 8 and 7 give
characteristic Cl ions for most of the
compounds covered by this method. The use
of Cl mass spectrometry to support electron
ionization (EI) mass spectrometry is
encouraged but not required.

~. 4. Safety.

4.1 The toxicity or carcinogenicity of ear
reagent used in this method have 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 ail 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
carcinogens: benzo(a)anthracene. benzidine.
3.3'-dichlorobenzidine. benzo(a)pyrene, a-
BHC, 8-BHC, §-BHC, y-BHC,
dibenzo(a.h)anthracene, N-
nitrosodimethylamine, 4,4'-DDT, 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 wormn
when the analyst handles high concentrations
of these toxic compounds.

S. Apparotus and Materials

5.1 Sampling equipment. for discrete or
composit 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. 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.

$.1.2 Automatic sampler (optional}—The
sampler must incorporate glass sample
containers for the collection of a minimum of
250 mL of sample. Sample containers 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, however, 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.

8.2 Glassware (All specifications are
suggested. Catalog numbers are included for
illustration only.):

5.21 Separatory funnel—2-L. with Teflon
stopcock. .

5.22 Drying column—Chromatographic
column, 19 mm ID, with coarse [rit filter disc.

5.23 Concentrator tube. Kudemna-
Danish—10-mL. graduated (Kontes K~570050-
1025 or equivalent). Calibration must be
checked at the volumes employed in the test.
Geound glass stopper is used to prevent
evaporation of extracts.
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5.2.4 Evaporative flask, Kuderna-
Danish—>500-mL (Kontes K-57001-0500 or
equivalent). Attach to concentrator tube with
springs.

5.2.5 Snyder column, Kuderna-Danish—
Three all macro (Kontes K-503000-0121 or
equivalent).

5.28 Snyder column, Kuderna-Danish—
Two-ball macro (Kontes K-569001-0219 or
equivalent).

8.27. Vials=—10 to 15-mL, amber giass,
with Teflon-lined screw cap.

5.28 Continuous liquid—liquid
extractor—Equipped with Teflon or glass
connecting joints and stopcocks requiring no
lubrication. {Hershberg-Wolf Extractor, Ace
Glass Company. Vineland, N.].. P/N 8841~10
or equivalent.)

5.3 Boiling chips—Approximately 10/40
mesh. Heat 10 400 *C for 30 min of Soxhiet
extract with methylene chioride.

54 Water bath~Heated. with concentric
ring cover, capabie of temperature control
{=2°C). The bath should be used in 8 hood.

5.5 Balance—Analytical, capable of
accurately weighing 0.0001 g.

5.6 GC/MS system:

$.8.1 Gas Chromatograph—An analytical
system complete with a temperature
programmabie gas chromatograph and ail
required accessores including syringes,
analytical columns. and gases. The injection
port must be designed for on-column injection
when using packed columns and for splitiess
injection when using capillary columns.

582 Column for base/neutrals—1.8 m
long x 2 mm ID glass, packed with 3% SP-
2250 on Supelcoport (100/120 mesh) or
equivalent. This column was used to develop
the method performance statements in
Section 16. Guidelines for the use of alternate
column packings are provided in Section 13.1.

5.83 Column for acids—1.8 m long x 2 mm
1D glass, packed with 1% SP-1240DA 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 given in Section 13.1.

5.6.4 Mass spectrometer—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 9 when 50 ng of
decalluorotriphenyl phosphine (DFTPP;
bis(perfluorophenyl) phenyi 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 ail
acceptable performance criteria {Section 12)
may be used. GC to MS interfaces
constructed of all glass or glass-lined
materials are recommended. Glass can be
deactivated by silanizing with
dichlorodimethylsilane.

5.6.6 Data system—A computer system
must be interfaced to the mass spectrometer
“hat allows the continuous acquisition and

orage on machine-readable media of ail

ass spectra obtained throughout the
duration of the chromatographic program.
The computer must have software that allows
scarching 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 lon Current Profile
(EICP). Software must also be available that -
allows integrating the abundance in any EICP
between specified time or scan number
limits.

&. Reagents

8.1 Reagent water—~Reagent water is
defined as a water in which an interferent is
not observed at the MDL of the parameters of
interest.

8.2 Sodium hydroxide solution (10 N}—
Dissolve 40 g of NaOH (ACS) in reagent
water and dilute to 100 mL.

83 Sodium thiosulfate—{ACS) Granular.

8.4 Sulfuric acid (1+1)}=Slowly. add 50
mL of HaSO4 (ACS, sp. gr. 1.84) to 50 mL of
reagent water,

8.5 Acetone, methanol. methlylene
chloride—Pesticide quality or equivalent

8.8 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 ug/
uL}=—standard solutions can be prepared
from pure standard materials or purchased as
certified solutions.

6.7.1 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 98% 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 cancentration
if they are certified by the manufacturer or by
an independent source.

672 Transfer the stock standard
solutions into Teflon-sealed screw-cap
botties. 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.

673 Stock standard solutions must be
replaced after six months, or sooner if
comparison with quality control check
samples indicate a probeim.

6.8 Surrogate standard spiking solution—
Select a minimum of three surrogate
compounds from Table 8. Prepare a surrogate
standard spiking solution containing each
selected surrogate compound at a
concentration of 100 ug/mL in acetone.
Addition of 1.00 mL of this solution to 1000
mL of sample is equivalent to a concentration
of 100 ug/L of each surrogate standard. Store
the spiking solution at 4 *C in Teflon-sealed
glass container. The solution should be
checked frequently for stability. The solution
must be replaced after six months, or sooner
if comparison with quality control check
standards indicates a problem.

6.9 DFTPP standard—Prepare a 25 ug/mL
solution of DFTPP in acetone.

8.10 Quality control check sample
concentrate—See Section 8.2.1.

7. Calibration

7.1 Establish gas chromatographic
operating parameters equivalent to those
indicated in Tables 4 or 5.

72 Internal standard cahbrauon B
procedure—To use this approach. the analy, Btz‘
must seiect three or more internal mnm %
that are similar in analytical behavior to the %
compounds of intetest. The analyst must’
further demonstrate that the measurement
the internal standards is not affected by "2".
method or matrix interferences. Some -
recommended internal standards are lmea"
Table 8. Use the base peak m/z as the ..":
primary m/z for quantification of the ™ -
standards. If interferences are noted. use
of the next two most intense masses for ° h
quantification.

each parameter of interest by adding
appropriate volumes of one or more stock
standards to a volumetric flask. To each “*

a known constant amount of one or more
internal standards, and and dilute to volume
with acetone. One of the calibration T
standards should be at a concentration near,. =
but above, the MDL and the other
concentrations should correspond to the
expected range of concentrations found in
real samples or should define the working
range of the GC/MS system.

722 Using injections of 2 to 5 ul. ana]y-ze
each calibration standard according to
Section 13 and tabulate the area of the P
primary characteristic m/z (Tables 4 and 5) -
against concentration for each compound and
internal standard. Calculate response factors °
(RF) for each compound using Equation1.” -

Equation 1.

(A.)(C.)
‘(A.)(C.)

where: -
A= Area of the characteristic m/z for the it
parameter to be measured. B
A, = Area of the characteristic m/z for t.he ;.'z‘»
internal standard. -
C.=Concentration of the internal stnndud
(mg/L}
C,=Concentration of the parameter to be
measured (ug/L}).

If the RF yajue over the working range is a
constant{<35% RSD])the RF can be -
assumed to de invanant and the average RF
can be used for calculations. Alternatively, - -
the resuits can be used to plot a calibration - -
curve of response ratios, A,/ A, vs. RF. e

7.3} 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 {or any parameter
varies from the predicted response by more -
than the test must be repeated uning a .
fresh Talibration standard. Alternatively, 8 “-*
new calibration curve must be prepared for
that compound.

8. Quality Control

8.1 Each laboratory that uses this method
is required to operate a formal quality control‘
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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
performance criteria to determine if the
results of analyses meet the performance
characteristics of the method. When resuits
of sample spikes indicate atypical method
performance, a quality control check
standard must be analyzed to confirm that
the measurements were performed in an in-
control mode of operation.

811 The analyst must make an initial,
ane-time, demonstration of the ability to
generate acceptable accuracy and precision
with this method. This ability is established
as described in Section 8.2,

8.1.2 In recognition of advances that are
occuring in chromatography, the analyst is
permitted certain opticns (detailed in
Sections 10.8 and 13.1) to improve the
separations or lower the cost of
measurements. Each time such a madification
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
analyst must analyze a reagent water blank
tc 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
basis; spike and analyze a minimum of 5% 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 coatrol check standards that the
operation of the measurement system is in
controL This procedure is described in
Section 3.4. The frequency of the check
standard analyses is equivalent to 5% of all
samples analyzed but may be reduced if
spike recoveries from samples (Section 8.3)
meet all specified 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 following
operations.

8.21 A quality control (QC) check sampie
concentrate is required containing each
parameter of interest at a concentration of
100 ug/mL in acetone. Multiple solutions may
be required. PCBs and muiticomponent
pesticides may be omitted from this test. The
QC check sample concentrate must be
obtained from the U.S. Environmental
Pratection Agency. Environmental Monitoring
and Support Laboratory in Cincinnati, Chio.
if available. If naot 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 laharatory using stock standards

prepared independently from those used for
calibration.

8.22 Using a pipet. prepare QC check
samples at a concentration of 100 ug/L by
adding 1.00 mL of QC check sample
concentrate to each of four 1-L aliquots of
reagent water.

823 Analyze the well-mixed QC check
samples according to the method beginning in
Section 1Q or 11.

824 Calculate the average recovery (X)
in pg/L. and the standard deviation of the
recovery (s8] in ug/L. for each parameter using
the four results.

828 For each parameter compare s and X
with the corresponding acceptance criteria
for precision and accuracy, respectively,
found in Table 8. If s and X for all parameters
of interest meet the acceptance criteria, the
system performance is acceptable and
analysis of actual samples can begin. If any
individual s excseds the precision limit or
any individual X (alls outside the range for
accuracy, the system performance is
unacceptable for that parameter.

Note.—The large number of parameters in
Table 8 present a substantial probability that
one or more will fail at ieast one of the
acceptance criteria when all parameters are
analyzed.

828 When 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,

8.28.1 Locate and correct the source of
the problem and repeat the test for ail
parameters of interest beginning with Section
a2.2

8.2.8.2 Beginning with Section 8.2.2, repeat
the test only for thase parameters that failed
to meet criteria. Repeated failure, however,
will confirm a general problem with the
measurement system. [f 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 angoing
basis. spike at least 5% of the samples from
each 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:

83.1 If. as in compliance monitoring, the
concentration of a specific parameter in the
sample is being checked against a regulatory
concentration limit, the spike should be at
that limit or 1 to § times higher than the
background concentration determined in
Section 8.3.2, whichever concentration would
be larger.

8.3.1.2 If the concentration of a specific
parameter in the sampie is not being checked
against a limit specific to that parameter, the
spike should be at 100 ug/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 (fitis 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 ug/L.

8.3.2 Analyze one sample aliquot to
determine the background concentratior
of each parameter. If necessary. prep:
new QC check sample concentrate {Se.

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
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.

833 Compare the percent recavery (P} for
each parameter with the corresponding QC
acceptance criteria found in Table 6. 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 5:1.7 If
spiking was performed at a concentration
lower than 100 ug/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 (T) for C:
(2) calculate averall precision (S') 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/~ °

8.3.4 If any individual P falls outside
designated range for recavery, that pa o
has failed the acceptance criteria. A, ct.
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
analysis of 8 QC check standard will depend
upon the number of parameters being
simultaneously tested. the complexity of the
sample matrix, and the performance of the
laboratory. If the entire list of single-
component parameters in Table 8 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 mL of QC check sample
concentrate (Sections 8.21 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 :o
determine the concentration measured (A) of
each parameter. Calculate each percent
recovery (P) as 100 (A/T)%. where T is the
true value of the standard concentration.

8.4.3 Compare the percent recovery (P.}
for each parameter with the correspond
QC acceptance criteria found in Table ¢
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 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.

8.5 As part of the QC program for the
laboratory. method accuracy for wastewater
sampies 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 (P}
and the standard deviation of the percent
recovery (s,). Express the accuracy
assessment as a percen! interval from P—2s,
to P+2s,. If P=90% and s, =10%, for
example. the accuracy interval is expressed
as 70-110%. Update the accuracy
assessment for each parameter on a reguiar
basis {e.g. after each five to ten new accuracy
measurements).

8.8 As a quality control check. the
laboratory must spike all samples with the
surrogate standard spiking solution as
described in Section 10.2, and calculate the
percent recovery of each surrogate
compound.

8.7 lItis 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 sampies. 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 performance evaluation studies.

8. 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 sampie
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 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 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
chiorine.® Field test kits are availabie for this
purpose.

9.3 All samples must be extracted within
7 days of collection and completely analyzed
within 40 days of extraction.

10. Separatory Funnel Extraction

10.1 Samples are usually extracted using
separatory funnel techniques. If emulsions
will prevent achieving acceptable soivent
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 L. 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 chioride
for the acids.

10.2 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> 11 with sodium hydroxide
solution.

10.3 Add 80 mL of methylene chloride to
the sample bottle, seal, and shake for 30 s 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 from the
water phase for a minimum of 10 min. If the
emuision 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 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 2
250-mL Erlenmeyer flask. If the emuision
cannot be broken [recovery of less than 80%
of the methylene chloride, corrected for the
water solubility of methylene chloride).
transfer the sample, solvent. and emulsion
into the extraction chamber of a continuous
extractor and proceed as described in Section
11.3.

104 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. 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
a 250-mL Erlenmeyer flask and label the
combined extracts as the acid fraction.

10.8 For each fraction, assemble a
Kudema-Danish (K-D) concentrator by
attaching a 10-mL concentrator tube to a 500-
mL evaporative flask. Other concentration
devices or techniques 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-rinsed drying
column containing about 10 cm 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 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 (60 to 85 °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. Adjust the vertical position of
the apparatus and the water temperature as

to 20 min. At the proper rate of dunll:ﬁomh!
balls of the column will actively chatter bat
the chambers will not flood with condenseq
solvent. When the apparent volume of hqui
reaches 1 mL, remove the K-D lppantu;;ak
from the water bath and allow it to drain an

column and rinse the flask and its lowgr joint
into the concentrator tube with 1 to 2 mi, of
methylene chloride. A 5-mL syringe is *
recommended for this operation. ‘3

10.9 Add another one or two clean boiﬁ 3
chips to the concentrator tube for each': g
fraction and attach a two-ball rmcro-Snydgxa :
column. Prewet the Snyder column by addi :
about 0.5 mL of methylene chioride to the top? 7

(80 to 85 *C) so that the concentrator tube is®
partially immersed in hot water. Adjust the

water temperature as required to complets.
the concentration in 5 to 10 min. At the
proper rate of distillation the bails of the .
column will actively chatter but the chunbeu
will not flood with condensed solvent. When
the apparent volume of liquid reaches about:x
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 Jower joint into the_
concentrator tube with approximately 0.2 mL’
of acetone or methylene chioride. Adjust the®
final volume t0 1.0 mL with the solvent.- _.-
Stopper the concentrator tube and store . -,
refrigerated if further processing will not be
performed immediately. If 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 Determine the original sample
volume by refilling the sample bottie to the 3
mark and transferring the liquid to a lom-mL =
graduated cylinder. Record the sample
volume to the nearest 5 mL

11. Continuous Extraction

11.1 When experience with a sample fx‘om e
a given source indicates that a serious :
emuision problem will result or an emuision-
is encountered using a separatory funnelin - .
Section 10.3. a continuous extractor should be. :
used. 3
11.2 Mark the water meniscus on the side =
of the sample bottle for later determination of </
sample volume. Check the pH of the sampie :
with wide-range pH paper and adjust to pH < :
> 11 with sodium hydroxide solution. - =35
Transfer the sample to the continuous <
extractor and using a pipet. add 1.00 mL of : . : =
surrogate standard spiking solution and mix
well, Add 80 mL of methylene chioride to the -
sample bottle, seal. and shake for 30 s to -
rinse the inner surface. Transfer the solvent ™~
to the extractor. =
11.3 Repeat the sample bottle rinse mth
an additional 50 to 100-mL portion of - >
methylene chloride and add the rinse to the
extractor. ;
114 Add 200 to 500 mL of methylene - =
chloride to the distilling flask. add sufﬁdent b
reagent water to ensure proper operation. '
and extract for 24 h. Allow 1o cool. then
detach the distilling flask. Dry. concentrate, . -
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and seal the extract as in Sections 10.8
through 10.8.

11.5 Charge a clean distilling flask with
500 mL of methylene chloride and attach it to
the continuous extractor. Cacefully, while
stirring. adjust the pH of the aqueous phase
to less than 2 using sulfuric acid. Extract for
24 h. Dry, concentrate, and seal the extract as
in Sections 10.8 through 10.9.

12. Daily GC/MS Performance Tests

12.1 At the beginning of each day that
analyses are to be performed, the GC/MS
system must be checked to ses if acceptable

erformance criteria are achieved for
DFTPP.'*Each day that benzidine is to be
determined, the tailing factar criterion
described in Section 12.4 must be achieved.
Each day that the acids are to be determined.
the tailing factor criterion in Section 12.5
must be achieved.

122 These performancs tests require the
following instrumental parameters:

Electron Energy: 70 V (nominal)

Mass Range: 35 to 450 amu

Scan Time: To give at least 5 scans per
peak but not to exceed 7 s per scan.

123 DFTPP performance test—At the
beginning of each day. inject 2 uL (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 9 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. The tailing
factar tests in Sections 12.4 and 12.5 may be
performed simultaneously with the DFTPP
test.

124 Column performance test for base/
neytrals—At the beginning of each day that
the base/neutral fraction is to be analyzed
for benzidine. the benzidine tailing factor
must be calculated. [nject 100 ng of benzidine
either separately or as a part of a standard
mixture that may contain DFTPP and
calculate the tailing factor. The benzidine
tailing factor must be less than 3.0.
Caiculation of the tailing factor is illustrated
in Figure 13." Replace the columa packing if
the tailing factor criterion cannot be
achieved.

125 Column performance test for acids—
At the beginning of each day that the acids
are to be determined, inject 50 ng of
pentachlorophenol either separately or as a
part of a standard mix that may contain
DFTPP. The tailing factor for
pentachlorophenol must be less than S.
Calcuiation of the tailing factor is illustrated
in Figure 13." 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.
Table § summarizes the recommended gas
thromatographic operating conditions for the
acid fraction. Included in these tables are
fetention times and MDL that can be
achieved under these conditions. Examples of
the separations achieved by these columns

are shown in Figures 1 through 12, Other
packed or capillary (open-tubular) columns or
chromatographic conditions may be used if
the requirements of Section 8.2 are met.

13.2 After conducting the GC/MS
performance tests in Section 12 calibrate the
system daily as described in Section 7.

133 ¢ i i

to-pret the internal standard
must be added to sample extract and mixed
thoroughly immediately before injection inta
the instrument. This procedure minimizes
losses due to adsorption. chemical reaction or
evaporation.

13.4 Inject 2 to 5 uL of the sample extract
or standard Into the GC/MS system using the
solvent-flush technique.®® Smaller (1.0 ul)
volumes may be injected if automatic devices
are employed. Record the volume injected to
the nearest 0.08 ul.

13.5 I the response for any m/z exceeds
the working range of the GC/MS system,
dilute the extract and reanalyze.

13.8 Perform ail qualitative and
quantitative measurements 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.

4. Qualitative Identification

14.1 Obtain EICPs for the primary m/z
and the two other masses listed in Tables 4
and . Sae Section 7.3 for masses to be used
with internal and surrogate standards. The
following criteria must be met to make a
qualijtative identification:

14.1.1 The characteristic masses of each
parameter of interest must maximize in the
same or within one scan of each other.

14.12 The retention time must fall within
+30 s of the retention time of the authentic
compound.

14.1.3 The relative peak heights of the
three characteristic masses in the EICPs must
fail within =20% of the relative intensities 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.

142 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. Accaptable resolution is achieved
if the baseline to vailey height between the
isomery 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 peak m/z
for internal and surrogate standards. If the
sampie produces an interference for the

. primary m/z. use a secondary characteristic

m/z to quantitate.

Calculate the concentration in the sampie
using the response factor (RF) determined in
Section 7.2.2 and Equation 3.

Equation 3.

(AJ(L)

Concentration (ug/L)= —————
(ARFY(V.)

where:

A, = Area of the characteristic m/z for the
parameter or surrogate standard to be
measured.

A= Area of the characteristic m/z for the
internal standard.

I, = Amount of internal standard added to
each extract (ug).

V.= Volume of water extracted (L).

152 Report results in pg/L without
correction {or recovery data. All QC data
obtained should be reported with the sample
resuits.

18. Method Performance

18.1 The method destection limit (MDL) is
defined as the minimum concentration of a
substanca that can be measured and reported
with 99% confidence that the value is above
zero.! The MDL concentrations listed in
Tabies 4 and S were obtained using reagent
water, '? The MDL actually achieved in a
given analysis will vary depending on
instrument sensitivity and matrix effects.

182 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 pg/L. ' Single
operator precision. overall precision. 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. Sereening Procedure for 2.3.7,8-
Tetrachlorodibenza-p-dioxin (2.3,7,8-TCDD)

17.1 If the sampie must be screened for
the presence of 2,3,7,8-TCDD, it is
recommended that the reference material not
be handled in the laboratory unless extensive
safety precautions are employed. It is
sufficient to analyze the base/neutral extract
by selscted ion monitoring (SIM} GC/MS
techniques, as follows:

17.1.1 Concentrate the base/neutral
extract to a final volume of 0.2 ml.

17.1.2 Adjust the temperature of the base/
neutral column {Section 5.8.2) to 220 *C.

17.1.3 Opaerate the mass spectrometer to
acquire data in the SIM mode using the ions
at m/z 257, 320 and 322 and a dwell time no
greater than 333 milliseconds per mass.

17.1.4 Inject S to 7 uL of the base/neutral
extract. Callect SIM data for a total of 10 min.

17.1.5 The possible presence of 2.3.7.8-
TCDD is indicated if all three masses exhibit
simultaneous peaks at any point in the
selected ion current profiles.

17.1.8 For each occurrence where the
passible presence of 2.3,7,8-TCDD is
indicated, calculate and retain the reiative
abundances of each of the three masses.

17.2 False positives to this test may be
caused by the presence of single or coeluting
combinations of compounds whose mass
spectra contain all of these masses.

17.3  Conclusive results of the presence
and concentration level of 2.3.7.8-TCDD 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.—BASE/NEUTRAL EXTRACTABLES

Parameter S'TON:ET CAS No.

Acer 34208 83-32-8
A ph 34200 208-96-8
A 34220 120-12-7
8 J452¢ 56-55-3
B wene 34230 205-99-2
B srthene 34242 207-08-5
Berzola)py 34247 50-32-8
Benzo(ghi)perylens 34521 1912242
Berayl butyt pivthaiate 34282 85-68-7
B8-8HC, 38338 310-85-7
$-8HC 34259 319-86-8
Bis(2 uIn 111 =ddd
Bis{2ct 34278 111-91-1
Bis(2-ethythecyfyor 39100 117817
Bis(2 OBODPropyl) 34283 108-80-1
«-Bromopnenyi phenyl ether | 346836 101-55-3
Cn 39350 57-74-0
2-Chioronap: 34581 01-58-7
4-CNorophenyt pheryt eer coe...| 34641 | 7005-72-3
Chwy 34320 218-01-8
44000 36310 72-54=8
4,4 -00€ %320 72-55-9
44007 39300 80-29-3
Di 34858 83-70-3
Ob-n-dutyipr 39710 84-74=2
1.3-Ob 34508 541=73-1
1.2-00 34536 95-50-1
1,4-Di 45T 106—48-7
3.7-Dk i 34631 01041
Disidrin 38380 60-57-1
Distrwl phthsisie 34338 84882
Dimetrwi pf 34341 1312113
2.4-Dinvtrotok 34811 127-14=2
2.6-Dw 34626 606-20-2
O Yo 34596 117-84-0

34351 | 1091078

STORET
Pararneter No. .

4-Lhioro-3-methyipnenci 34452
2-Chiorope 34588
z:'; 34501
24Ok Dt 4808
2.4-Dinttropt 4818
[ AA—-'A Y.t - m,
2-Nroor 34591
4-Nitrophenol 34648
A a2
Phenol J4894
2.4,6-Tri opt 34821

Ve e

a <88
f:: 1 I B - < 1 319-84=5 |~ 808
BBHC | 28340 58-89-8 |- &8
Encowmstan || 34381 950-56-8 | 808
ENCOMMAN U | 34358 | 33213-45-0 }' 008
Eraw | 39090 72-20-8 | 808
HexachioroCylopentadens 340308 T1=47=4 | B2
N-Nittosodimethylamine .| 34438 ;
¢ Ses Secton 1.2
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TABLE 4, —CHROMATOGRAPHIC CONOITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC MASSES FOR BASE/NEUTRAL EXTRACTABLES

Continued
Charscterstc masses
Reten- .::"‘” .
ton time | o0 f‘m Electron impact WT ongaton
{m) g/ Prenary Secnnd- | Seconds |  Meth- Meth- Metn-
oy ay ane ane ane
A 178 1.9 1954 153 152 184 158 183
O vi phthaiate 18.3 1.8 163 194 184 151 163 164
2.6-O6 187 19 185 89 121 183 n fral
Fuorens 19.5 19 168 185 167 168 187 198
+Chicrophenyl phenyl ether. 19.5 42 204 208 141
2,4-O 198 87 165 [~ 182 183 an 2
Oty 2.1 1.9 149 177 150 "7 251
N-NItroesOiONervyinming ¢ 205 19 189 168 167 189 170 198
) 210 1.9 ¢ 142 249 284 286 208
2-8HC* F1 B 183 181 109
+Gromophenyt phanyl ether n2 19 24 % 141 9 251 ar
58MHC* 24 163 181 100
oy s sS4 178 179 178 178 179 207
A 28 1.9 178 179 178 178 179 07
3-8HC 224 42 181 183 100
' 24 1.9 100 m 214
3.8HC 27 S 183 109 181
Alarin %0 1.9 & 28 220
Didety! pt 24.7 25 149 150 104 149 205 79
Hegtachk 288 22 353 358 81
Er M 84 27 338 341
= 288 22 202 1 100 3 n 243
Dielann, 72 28 ™ 263 s !
+.4-D0E 272 5.8 F27 24 176 | !
Pyr 73 19 22 101 100 203 2 243
Enanns 279 a1 263 82 ‘
& dan 1ts 06 ar 239 341 !
4,4-000 288 28 238 a7 185 :
i 208 ““ 164 92 188 185 213 225
44007 23 a7 s 27 185
Endosulian sufate. 298 5.8 Fied a7 422
Sndrin Y 87 48 2%0
Suty! benayt o 29.9 25 149 9 208 149 299
Sis(2-ethyinexyl) p .6 FA] 149 187 279 149
Civysene s s 28 26 29 28 9 “
a s 78 23 229 228 228 229 257
2.2-Cicrw 122 18.8 22 254 128
Okn-octyl pf 2s 23 149
Bemzo(bite M43 48 22 253 128 252 253 281
Senzo(kifk 49 25 252 % 128 252 % 281
[ Y 8.4 25 252 253 128 252 253 281
Indeno(1.2,.3-c.dipyrene. @7 37 278 138 bigs 278 Fia4 308
[o” ( 432 23 278 129 b4 78 79 307
iperylens 481 [R] 78 138 F124 278 a7 08
NN " y 42 74 “ !
cn » 19=30 rel 375 kigd L
Toxaphene® %2 159 =1} =3 !
PC3 1016 18=30 224 260 294 :
PC8 1221° 15-30 0 190 224 220 J
PCB 1232° 1532 190 24 260
PCB 1242° 18-32 224 260 294
PCB 1248° 12-34 294 330 82
PCB 1254° 2-34 8 294 R0 82 .
PCB 1260° 232 330 382 04 l!
* See Secton 1.2,
S These nds we of {See figures 2 hvu 12)

TABLE 5.—CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC MASSES FOR ACID EXTRACTABLES

Column condition  Supecooort (1007120 mesh) costed with J% SP-2250 packed in 2 1.8 m Jong x 2mm D glass cONTN with Nedsn camer gas at 0 mi/min How rate. Column
heid at 50 ‘C for 4 mn, then programwned at 8 ‘C/mn ta 270 ‘C andg heid for 30 mn

Churactenstc masses

Reten. | Memod -
don ome | e Electron impact l Chermcal anizavon
bon et . -
M | 60 | ormgey | S000nG- | Secons- | Mem. | Mem- | e
1 oy ay . ane | ane | ane
1 i1 §

2Chioropnenal 59 13 128 s 130 ! 129 | 131! 157
2-Nitr as 38 139 as 109 | 140 | 168 | 122
) 8.0 1.5 94 a3 ] l 98 122 5 138
24-Cimathyior 9.4 27 12 197 121 123 181 | 183

240 98 27| 82| . | e es| s

1467, o 1.8 27 196 198 200 197 199 | A

4Chioro-3-methyiphenal 132 3.0 142 107 144 ! 143 | 171 18
24.0in 15.9 42 184 | ] 154 | 188 | 213 | 22-
3 Methyid Edirwtropt 18.2 2 198 182 7 199 . 27, 239
achioroonenod 17.8 LX) 268 284 288 | 287! 265 | 289
LNitroonencs { 203 24 &8 139 | 109 ! 140 | 168 i 122

Suosicoport (100/120 mesh) coated wih 1% SP-12400A packed n & 1.8 m long 2 2mm D glass COUMN Wil Newum camer gas at 3O mL/mm fow rate. Coiumn

. Column conarions
"Moerature Neid rsothermat at 70 "G lor 2 mn then programmad at 8 “C/awn o 200 °C.
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TaBLE 6.—QC ACCEPTANCE CRITERIA—METHOD 625

Test conclusion | Limns for s / | Renge tor X{(ug/
Parameter ) 0 b0 g
Acenaphtss 100 7e 60.1-1323 |
ACenaphthy 100 @2 53.5-128.0
100 »0 72-1522
:‘" 100 20 43.4-118.0
a h 100 e 418-133.0
B 100 388 420-1404 | -
8 100 22 252-1487
B (&)Y 100 n.0 31.7-148.0
Berzo(ghiperyter 100 8.9 D-195.0
Beruyl butyl pr 100 f<R) D-139.9
100 ns 41.5-1%0.8
100 1.8 0-100.0
M’.“"c, s 100 850 4291280
B2 100 345 49.2-1847
Bis(2- Y 100 L& 82.8-138.8
Bia(2-ethyihexy 100 a 28.6-1388
4-Bromopherwyi phenyl ether 100 2.0 4.5-114.4
2O 100 1.0 04.5-113.8
«Chicrophenyl phenyt ether 100 kX% 38.4-144.7
Chry 100 43 44.1=139.0
4,4'-000 100 310 D-1245
4.4°-D0E 100 320 192-110.7
4.4-00T 100 818 D-170.8
Diber 100 70.0 D-199.7
Obretustyl pt 100 8.7 8461110
1.2-Oict 100 2.9 48.86-1120
1.3-Da 100 4.7 16.7-153.9
1.4,-Dict 100 21 I 3-105.7
3.3-On b 100 7.4 8.2-2125
Desionn 100 0.7 44.3-1193
Oretrwt pt 100 268.5 D-100.0
Oirmethryt o 100 a2 0-100.0
24D 100 218 475-126.9
2.8-Or sone. 100 2.6 88.1-134.7
Dw-n-octytphn 100 N4 16.6-131.8
Encosultan sultate 100 16.7 D-10a.5
Enonn sicetyyc 100 32s D-18a.8
Flyoranthens . 100 -1 ] 429-1213
iy 100 2.7 71.6=-108.4
Heptachior . 100 N2 D-1722
Heptachior 3 - 100 54.7 70.8-100.4
xact 100 249 781415
axact 100 283 37.8-1022
[ 100 245 £52-100.0
InoeNo(1,2.3-cipy - 100 “s D-150.9
- 100 633 48 8-1802
Napi 100 0.1 35.8-119.6
Niro 100 NI 54.3-157.6
N-NItrosodi=n=propy 100 554 12.6-1979
PCB-126Q 100 542 193-121.0
Ph 100 0.8 852-108.7
Py - 100 252 69.8-100.0
1.2.4-Tri 100 2.1 $7.3-129.2
4-Chioro-3 Y 100 72 40.6-127.9
2-Cn 100 . %4 36.2-120.4
240 op! i 100 28.4 $2.5-121.7
2,4-Dimathryio 100 261 41.8-100.0
2,4-Dirvtrop 100 ®e D-1729
2-Metryid,6-Ci . 100 K02 $3.0-100.0
2-Naroot 100 382 450-188.7
4-Niro l 100 412 12.0-108.5
F oD 100 489 w1-1518
Phenol 100 28 16.6-100.0
24.6-Trct 100 37 52.4-1292
3= Starcierd devistion for four Y n pg/L 824).
X 208 y for four y in ug/l 824).
P, P, = Percem y wed (S 832 S 842
O wOetectect; resut must bs greater than zem.
Note: Thess crmens are based y uoon the per data in Table 7. Where necessary, U mits iOr recovery have been 1 aseure

CONCONUATONS beiow those used 10 Geveiop Tabie 7.

TABLE 7. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION—METHOD 625

Accurscy, as Singie ansiyst
Parameter W"'{ X' (ug/ | precmon, & (ug/
N
Aceneor 0.96C+0.19 0.18%-0.12 0212067 .
Acsnaphtviens 0.89C+0.74 024%~1.08 028 =054,
Algrin 0.78C +1.68 027%~-128 0.43%+1.13 =7
Antt 0.80C+0.68 0.218-0.32 0.278-0.64 73
Ber 0.88C-0.60 0.15% +0.89 0288028
e : 0.93C - 1.80 0228 +0.43 0.29% 4096
ao(k ons 0.87C - 1.58 0.19% +1.03 0.352 +0.40
v 0.90C-0.13 0.22% +0.48 0.32% 4135 .
. SrZO(QNi)Dery: 0.96C ~0.06 0298 +2.40 0.512-0.64
Benzyl butyl o 0.66C -~ 1.88 0.18% +0.94 0.53% +0.82
8-8-C 0.87C ~0.94 0208 -0.58 0.30X - 1.54
8-81C, 0.29C—1.00 0.34% +0.88 0.83% =017 .

Bis(2-chiorosthyether 0.06C—1.54 0.35% -0.00 035R+0.10 *
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TABLE 7. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION-—METHOD 625—Continued
Accuracy, as Singie anslyst Overall .
Paramaeter y. pe ul-. (v} S m
52t v 1.12C—-5.04 0.188 4+ 1.34 026X +2.01
52 Y 1.09C~2.31 024% 4028 025X +1.04
3 2-aSyinaxy Dt 0.84C-1.18 ozs§+o.r:| o.asg.o.ov
Sromophenyl phenyl sther 0.91C=1.3¢ 0.13% +0.68 0.16%+0.688
j Oronapr 0.89C+0.01 o.o7§+o.sz 0.13% +0.34
Crioroonenyl pheryl ether 0.91C+0.53 0.20%-0.94 0.30X = 0.48
~ry 0.93C~1.00 0.28%X+0.13 0.33X-0.09
£-000 0.56C~0.40 0.29%-0.32 0.66% ~0.96
+.00E 0.70C—-0.54 0.26%-1.17 0.39X ~ 1,04
+-O0T. 0.79C-3.2¢8 0.42%+0.19 0.65% ~0.58
Denzol 0.88C+4.72 0.30% 4+ 8.51 0.59% +0.29
DAy 0.59C+Q.71 Q.13R+ 118 0.39X +0.60
2.0 0.80C+0.28 0.20%+0.47 0.24%+0.30
3.0 0.86C-0.70 0.25R+-0.68 Q.41%+0.11
10 0.73C~1.47 024R+0.23 0.29% +0.38
2 O 1.29C-12.85 0.28%+7.33 0.47% +2.45
-an 0.82C~0.16 0.20%-0.16 0.28%-0.07
erwt 0.43C+1.00 0.28R 4 1.44 0.52%+0.22
et of 0.20C+1.03 0.54% 4+0.19 1.05% ~0.92
O 0.92C—4.81 0.12X+1.08 021%+1.50
50 1.06C-3.80 0.14% 4128 0.19%+0.3%
“noctyip a.76C-0.79 0218+1.19 0.37%+1.19
dan uatate 0.39C+0.41 012K+ 2.47 0.83%~1.03
~amnt aksey 0.76C~3.68 0.16R+3.91 0.73% ~0.62
worsnthene 0.81C+1.10 0.22%-0.73 0.28% - 0.60
Lorene. 0.90C-0.00 0.12KX +0.28 0.13% +0.81
20 0.87C-2.97 024%-0.58 0.50X-0.23
~otacior 0.92C—-1.87 0.33X—0.48 0.28X+0.84
sxact 0.74C+0.68 0.18%-0.10 0.43X ~0.52
xact e 0.71C~1.01 0.19X +$0.92 0.26% +0.49
2racniooethane 0.73C~0.83 0.17% +.0.87 0.17X +0.60
1eno(1.2.3-cdipyrene 0.78C~3.10 0.29% +1.48 0.50% +0.44
onorone 1.12C+ 1.41 027X +0.77 0.33X +0.28
1shihaiene 0.78C + 1.58 0.21X-0.41 0.30X - 0.68
ropenzens 1.09C~-3.08 0.19% +0.92 0.27X +0.21
e oY 1.12C-822 0272 +0.68 0.44%X +0.47
13-1260. 0.81C~10.06 0.35% +3.61 0.43% +1.82
ananttren 0.57C-0.08 0.12% +0.57 0.15% + 025
rone 0.84C~0.18 0.16%+0.08 0.15% +0.31
; 4-Treniorobenzsne 0.94C-0.79 0.15%4-0.85 0.21%+0.39
“nioro-3-metryiphent 0.84C+-035 0.23%+0.75 0.29%+1.31
Zhigropnenol 0.76C +0.29 Q18X +1.48 0.28X4+0.97
- Ochioropnencl 0.87C+0.13 0.15%+1.25 021X+1.28
+-Dimethylps 0.71C+4.41 0.18R 4121 0.22%+1.21
+-Oinsropner 0.81C~18.04 a.38%+ 236 0.42% + 26.29
“Aathyt~4 S-dirwirapnencl 1.04C—28.04 0.10% +42.29 0.26% + 23.10
Srtrooner 1.07C=1.18 0.16% 4+ 1.94 0.27% +2.60
“utropt 0.81C-1.22 038R+ 257 0.44% 4324
coner 0.93C+1.99 0.24%43.03 0.30% +4.33
anot 0.43C+1.28 028%+0.73 035X +0.58
8T 091C-0.18 0.16% 4222 0.22%X & 1.8¢
X' m Expactad recovery !or one or more s of & g & cor otC m [
1.’ = Expecied sngie snalyst S &t an sverage concentraton found of X, in ug/L
$' = Expected ntenaboratory standard at sn 9 tound at X, n ug/le
C = True value 'or the concentraton, n ug/L
X = Aversge: recovery found for ol 0 g e of C, in ug/L
TaeLE 8.—SUGGESTED INTERNAL AND TABLE 9.—0OF TPP KEY MASSES AND
SURROGATE STANDAROS ABUNOANCE CRITERIA
Sgsas neutral frachon Aad fraction Mass m/3 Abundance ctens
e 2-Fn €1 | 30-60 percent of mass 196,
nr P 68 | Less then 2 pwcent of mass 69
z s Ph b 70 | Less then 2 percent of mass 69.
-0 Y 24P yt phenol 127 | 40-60 percant of mass 198.

197 | Less than 1 percant of mass 198,

198 | Base peak, 100 ce.
199 | 5-8 percant ot mass 198,

275 | 10=30 percant of mess 196.

365 | Greater han 1 percent of mass 198,

441 | Present it less an mass 443,

442 | Graater Tan 40 percent of mass 198,

443 | 17-23 percent of mass 442,

BILLING CODE 6560-50~M
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. COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TQ 270°C
DETECTOR: MASS SPECTROMETER

m/z2=35 TO 450

:

Ni m/2=377

J A, m/z=375
s 1 { I3 S | i 1 e
8 20 2 24 26 2 2 32 -7 3

RETENTION TIME, MIN.
Figure 4. Gas chromatogram of chlordane.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

m/2~35 TO 450

m/z=233

m/z=231 1 11

m/Z=153

2

=2 24 p- ] p-] :;o ;2 Je R k-4
RETENTION TIME, MIN.
Figure 5. Gas chromatogram of toxaphene.

i
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COLUMN: 3% S$P-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

il
L.

19 2‘0 2 24 26 a3 k1] 312
RETENTION TIME, MIN.
Figure 6. Gas chromatograrh of PCB-1016.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

UL

Ml =35 1 450

m/ 2=260

[ m/z =190

1 M 5 [ .
18 2 22 24 28

k- 30 n
RETENTION TIME, MIN.

Figure 7. Gas chromatogram of PCB-1221.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C

DETECTOR: MASS SPECTROMETER

L_L_JUU I | ®/2=35 T0 450

m/z=26Q

m/z2=224

m/2=130

18 20 22 24 2¢ 28 30 2
RETENTION TIME, MIN.

Figure 8. Gas chromatogram of PCB-1232.
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COLUMN: 3% SP-2250 ON SUPELCOPORT

PROGRAM: 50°C FQR 4 MIN, 8°C/MIN TO 270°C

DETECTOR: MASS SPECTROMETER

m/z=35 TO 450

m/2+=294

u m/2=2560

/\ m/z=224
L | 1 S Fa ..~ V. NN i 1
18 20 2 24 2% P> E™ 12

RETENTION TIME, MIN

Figure 9. Gas chromatodgram of PCB-1242.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

—_—

m/2=35 TO 450 b

m/2=330

U

m/2=294
1 Y F

18 2 2 24 » 2 20 »
RETENTION TIME, MIN.

Figure 10. Gas chromatogram of PCB-1248.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR- 4 MIN, 3°C/MIN TO 278°C
DETECTOR: MASS SPECTROMETER -

mz=3570450 . f\A h

m/2=362 -

m/z=330

1 e 'y N 1 L du

s 2 = 24 28 28 0 2 34 % b
RETENTION TIME, MIN.

Figure 11. Gas chromatogram of PCB-1254,
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
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Figure 12. Gas chromatogram of PCB-1260.
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TALLING FA -—
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Exampie calculation: Peak Height = DE = 100 mm
10% Peak Height = BD = 10 mm
Peak Width at 10% Peak Height =AC=23mm
AB=11 mm
BC=12mm

1
Thetetore: Tailing Facter ="l-2‘i =11

Figure 13. Tailing factor calculation.



APPENDIX G. Method 8150-Chlorinated Herbicides



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=0

2,4-08
2,4,5-T
2,4,5=-TP
Dalapon
Dicamba
Dichloroprop
Dinoseb

MCPA

MCPP

Since these compounds are produced and used in various faorms (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 Dy or under the supervision of
analysts experienced i{n the use of gas chromatography and in the interpre-
tation of gas chromatograms. Only experienced analysts should be allowed to
work with diazomethane due to the potential hazards associated with its use
(explosive, 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
Sdmples, Spiked samples are used to verify the applicability of the chosen
&xtraction technique to each new sample type. The esters are hydrolyzed with
Potassium hydroxide and extraneous organic material is removed by a solvent
*dsh, After acidification, the acids are extracted with solvent and converted
Lo their methyl esters using diazomethane as the derivatizing agent. After
®xcess 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
acid equivalents,

2.2 The sensitivity of Method 8150 usually depends on the 1evep
interferences rather than on instrumental limitations. Table llistst:
limits of detection that can be obtatned in wastewaters in the absencaZ,
interferences. Detection limits for a typical waste sample would be
significantly higher.

TABLE 1. CHROMATOGRAPHIC CONDITIONS AND DETECTION
LIMITS FOR METHOD 8150 IN WASTEWATER

Retention time (min) Estimated:;

detections

Parameter Col, la Col. 1b Column 2 Column 3 limit (ug/l
Dicamba 1.2 - 1.0 -
214'0 2-0 - 1.5 -
2,4,5-TP 2.7 -- 2.0 --
2,4,5-T 3.4 -- 2.4 --
2,4-08 4.1 -- - -
Dalapon -- - -- 5.0
MCPP .- 3.4 - -
MCPA - 4.l - -
Dichloroprop - 4,8 - --
Dinoseb - 11.2 -- --

aColumn conditions are as follows:

Column la conditions: 95% Argon/5% Methane carrier gas as a flow ra»e c
70 ml/min. Column temperature isothermal at 185° C. =
Column 1lb temperature: 140° C for 6 min and then programmed to 200° Qé’
10°/min. o
Column 2 conditions: 95% Argon/S% Methane carrier gas at a flow rate ot
70 ml1/min. Column temperature isothermal at 185° C

Column 3 conditions: UHP Nitrogen carrier gas at a flow rate of 25 m17¢
Column temperature programmed from 100° € to 150° C at 10°/min.
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3.0 Interferences

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware and other sample processing hardware that lead to discret
artifacts or elevated baselines in gas chromatograms. All these materials
mst be routinely demonstrated to be free from interferences under the

conditions of the analysis by running laboratory reagent blanks as described

3.1.1 Glassware must be scrupulously cleaned. Clean all glasswars
as soon as possible after use by rinsing with the last salvent 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 PCB's may not be eliminatad 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 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 distillatic
in all-glass systems may be required.

3.2 Matrix interferesnces 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
the waste being sampled.

- 3.3 Organic acids, especially chlorinated acids, cause the most
direct interference with the determination. Phenols, including chlorophenols,
My also interfere with this procedure.

. 3.4 Alkaline hydralysis and subsequent extraction of the basic solution
femoves many chlorinated hydrocarbons and phthalate esters that might otherwis:
Interfere with the electran capture analysis.

3.5 The herbicides, being strong organic acids, react readily with
{lkaline substances and may be lost during analysis. Therefore, glassware
114 glass wool must be acid-rinsed and sodium sulfate must be acidified wizn
Wifuric acid prior to use to aveid this possibility.

. 3.6 Before processing any samples, the analyst should demonstrate da. ..,
"rough the analysis of an organic-free water or solvent blank that the

“t1r§ analytical system is interference-free. Standard quality assuranca
factices should be used with this method. Field replicates should de
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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 anals;
yses. Where doubt exists over the identification of a peak on the gas &
chromatogram, confirmatory techniques such as mass spectroscopy should b
used. Detection limits for groundwater and EP extracts are given in Table:
Detection limits for these compounds in wastes should be set at 1 ug/g. -

4,0 Apparatus and Materials

4.1 Glassware (all specifications are suggested. Catalog numbersmé
included for 11lustration only). E

4,1.1 Separatory funnel: 2000-ml, with Teflon stopcock.

4.1.2 Drying column: Chromatographic column 400 mm long x
1S mm [.D. with coarse frit.

4.1.3 Chromatographic column: 300 mm long x 10 mm I.D. w1th'
coarse fritted disc at bottom and Teflon stopcock. .

4.1.4 Concentrator tube, Kuderna-Danish: 10-m1, graduated.
Calibration must be checked at the volumes employed in the test. -
Ground-glass stopper is used to prevent evaporation of extracts.:;“

4.1.5 Evaporative flask, Kuderna-Danish: 500-ml. Attach to=
concentrator tube with springs. , :

4,1.6 Snyder column, Kuderna-Danish: three-ball macro.
4.1.7 Snyder column, Kuderna-Danish: two-ball micro.

4.1.8 Vials: Amber glass, 10- to 15-m1 capacity with Tef]onvzﬁ
lined screw=-cap. Py

4.1.9 Erlenmeyer flask: Pyrex, 250-ml with 24/40 ground--
glass joint.

4,2 Boiling chips: approximately 10/40 mesh., Heat to 400° C fong;?
30 min or Soxhlet extract with methylene chloride. , '

-4,3 Diazald Kit: recommended for the generation of diazomethaﬁ'
(available from Aldrich Chemical Co., Cat. No. 210,025-2).

4.4 Water bath: Heated, with concentric r1ng cover, capable of
temperature control (#2° C). The bath should be used in a hood.

4,5 Glass wool: Acid washed.
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4,6 Balance: Analytical, capable of accurately weighing to the
nearest 0,0001 g.

4,7 Pipet: Pasteur, glass, dispdsab]e (140-mm x S5-mm I[.D.).

4.8 Gas chromatograph: Analytical system complete with gas chromato-
graph suitable for on-column injection and all required accessories fncluding
syringes, analytical columns, gases, detector and stripchart recorder. A
data system is recommended for measuring peak areas.

4.8.1 Column 1: 180 c¢m long x 4 mm [.D. glass, packed with 1.5%
SP-2250/1.95% SP-2401 on Supelcopaort (100/120 mesh) or equivalent.

4.8.2 Column 2: 180 c¢cm long x 4 mm [.0. glass, packed with 5%
QvV-210 on Gas Chrom Q (100/120 mesh) or equivalent.

4.8.3 Column 3: 180 ¢m long x 2 mm [.D. glass, packed with 0.1%
SP-1000 on 8Q/100 mesh Carbopak C or equivalent.

4.8.4 Detector: Electron capture. This detector has proven
effective in the analysis of wastewaters for the parameters listed in
Section 1l.1. Guidelines for the use of alternate detectors are provid
in Section 7.4. :

4.9 Wrist Shaker: Burrel Model 7% or equivalent.

5.0 Reagents

5.1 Reagent water: Reagent water is defined as a water in which an
interferent is not observed at the method detection limit of each parameter
of intarest. '

5.2 Sodium hydroxide solutian (10 N): ODissolve 40 g NaOH in reagent
water and dilute to 100 ml.

5.3 Sulfuric acid solution (1:1): Slowly add 50 m1 H2S04
(sp. gr. 1.84) to 50 ml of reagent water.

5.4 Sulfuric acid solution (1:3): Slowly add 1 part HS04
(sp. gr. 1.84) to 3 parts reagent water.

5.5 Hydrochloric acid: (ACS) Mix 1 part of concentcated acid with
3 parts distilled water (v/v).

5 5.6 Potassium hydroxidé salutian: 37% aqueous solution (w/v).
Fepare with reagent grade potassium hydroxide pellets and distilled water.

)
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5.7 Acetone, hexane, toluene, methanol: Pesticide quality or
equivalent. :

N B n{:.‘ s
5.8 Diethyl ether: Nanograde, redistilled in glass if necessary:%:

from Scientific Products Co., Cat. No. P1126-8, and other suppliers).ﬁu
Procedures recommended for removal of perox1des are provided with theﬁt
strips. After cleanup, 20 ml ethyl alcohol preservative must be added
each liter of ether.

5.9 Sodium sulfate: (ACS) Granular, acidified as follows: SluFpysecss
100 g sodium sulfate with enough diethyl ether to just cover the solid;gthgn&b
add 0.1 ml of concentrated sulfuric acid. Remove the ether under a .va
Mix 1 g of the resulting solid with 5 ml of reagent water and measure’ 'ﬁ .
of the mixture. It must be below pH 4. Store at 130° C. Several 1eve1a;ﬂ‘5i
purification may be required in order to reduce background phthalate leyels'ts
an acceptab1e Tevel: (1) Heat 4 hr at 400° C in a shallow tray, (2) Hea by

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 NapSO4: Use 50 g of acidified anhydrous
NapSO4 to every 1000 ml distilled H20.

5.13 Stock standard solutions (1.00 pg/pl): Stock standard solu;icq
can be prepared from pure standard materials or purchased as cert1f1ed* -
solutions. :

5.13.1 Prepare stock standard solutions by accurater weighing on
about 0.0100 g of pure acids. Dissolve the material in pestic -qqa
diethyl ether and dilute to volume in a 10-ml volumetric flask 2
volumes can be used at the convenience of the analyst. If compo 4 Xee
purity is certified at 96% or greater, the weight can be used. wrﬂumt;u
correction to calculate the concentration of the stock standardimiss:
Commercially prepared stock standards can be used at any concentnatﬁm
if they are certified by the manufacturer or by an 1ndependent‘§oqg;3

screw-cap bottles. Store at 4° C and protect from 11ght.“n g%ﬁii"
standard solutions should be checked frequently for signs of] de9 ko ng%
or evaporation, especially just prior to preparing cahbratmn,.stan dares
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 Diazomethane solution: Follow generator kit instructions. Stare
ifreezer 1n glass bottle stoppered with cork. Check for deterioration,

Sample Collection, Preservation, and Handling

3§ 6.1 Grab samples must be collected in glass containers. Conventional

bling practices should be followed; however, the bottle must not be

insaed with sample before collection. Composite samples should be callected

Fefrigerated glass containers in accordance with the requirements of the

Hram. Automatic sampiing equipment must be as free as poss1b1e of Tygon
other potential sources of contamination.

6.2 The samples must be iced or refrigerated at 4° C from the time of
Bection until extraction.

6.3 All samples must be extracted within 7 days and completely analyzed
pin 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 concentrated
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 {f 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. I[f an
emulsion forms, slowly add 5 g of acidified sodium sulfate (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 2, add more hydrochloric acid until stabi
Add 20 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 funnels. Repeat this step once more,
collecting the acetone-ether extracts in the funnels conta1n1ng
5% acidified sodium sulfate solution, _
7.1.1.7 Gently mix the content of each separatory funne
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-m1 ground-glass Erlenmeyer flask. Reextract the water layer
with 25 ml of ethyl ether. Allow the layers to separate and
discard the aqueous layer. Combine the ether extracts in the
respective Erlenmeyer flasks. oy
7.1.1.8 Add 30 ml of distilled water to the extract ini
Erlenmeyer flasks and refrigerate. Note: This is a good s;oppﬂ
point or, {f time permits, continue to step 7.1.1.12. _
7.1.1.9  Add 5 ml of 37% (w/w) aqueous potassium hydroxid
and boiling chips to the extract in the flask and fit them with-2
one-ball Snyder column. Evaporate the ethyl ether on the steam::
bath and continue to heat for 90 min.

7.1.1.10 Remove the flasks from the steam bath, allow t
to cool, and transfer the water solutions to 125-ml separatomy—»
funnels., Extract the basic solutions once with 40 ml and them I .
twice with 20 m1 of redistilled ethyl ether. Allow sufficient :
time for the layers to separate, and discard the ether layer each
time. Note: This is a solvent cleanup step. The phenoxy acid=
herbicides remain soluble in the aqueous phase as potassium ..
salts.

7.1.1.11 Add 5 ml cold 25% (v/v) sulfuric acid to the .
contents of each funnel to adjust the pH to 2. Be sure to chgéié
the pH at this point. Extract the herbicides once with 40 mi:an
two more times with 20 ml of ethyl ether.
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7.1.1.12 Collect the ether extracts in 125-al Erlenmeyer
flasks containing 1.0 g of acidified anhydrous NapSO4. Stopper
and allow the extracts to remain in contact with the acidified
NazS04. Store the samples overnight in 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 on the side of the sample
bottle for later determination of sample volume. Pour the entire
sample into a 2-liter separatory funnel. Check the pH with wide-
range pH paper and adjust to pH less than 2 with sulfuric acid
(1:1).

7.1.2.2 Add 150 ml diethyl ether to the sample bottle,
seal, and shake 30 sec to rinse the walls. Transfer the sglvent
into the saparatory 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 winimum of 10 min., [f the emulsion interface between
the layers is more than one-third the size of the sqolvent 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 l-liter Erlenmeyer
flask. Then collect the extract in a 25Q-ml ground-glass Erlenmeyer
flask containing 2 ml of 37% aqueous potassium hydroxide. Approxi-
mately 80 ml of the diethyl ether will remain dissaolved in the
aqueous phasa.

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 l-liter fhask with each additional aliquot of
extracting salvent.)

7.1.2.4 Add 1 or 2 clean bailing chips to the 250-ml
flask, add 15 ml distilled water, and attach a three-ball Snyder
column, Prewet the Snyder column by adding 1 ml diethyl ether to
the taop. Place the apparatus on a hot water bath (60" to 65° C),
Such that the bottom of the flask is bathed in the watar vapaor.
Although the diethyl ether will evaporate in 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 temperature faor at least 10 min.
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7.1.2.5 Transfer the solution to a 60-ml separatory i =
using 5 to 10 ml of distilled water. Wash the basic so]ution;twﬁk;
by shak1ng for 1 min with 20-ml portions of diethyl ether, S0
the organic phase. The herbicides remain in the aqueous phas“ 7

7.1.2.6 Acidify the contents of the separatory funnel s
pH 2 by adding 2 m1 of cold (4° C) sulfuric acid (1:3). Test sith
pH indicator paper. Add 20 ml diethyl ether and shake vigorouii :
for 2 min. Drain the aqueous layer into the 250-ml Er]enmeyer*
then pour the organic layer into a 125-ml Erlenmeyer conta1n1ng
about 0.5 g of acidified anhydrous sodium sulfate. Repeat theéhr
extraction twice more with 10-ml aliquots of diethyl ether, com
bining all solvent in the 125-ml1 flask. Allow the extract to #=

remain in contact with the sodium sulfate for approximately 2 ﬁ?

7.1.2.7 Transfer the ether extract, through a funnel
plugged with acid-washed glass wool, into a 500-ml Kuderna-Danish 3
flask equipped with a 10-ml concentrator tube. Use liberal washipgs
of ether. Use a glass rod to crush any caked sodium sulfate d&'ng
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 bf :
adding about 1 ml diethyl ether to the top. Place the K-D apparatus
on a hot water bath (60° to 65° C) so that the concentrator tubé? -
partially immersed in the hot water, and the entire lower rounded -
surface of the flask is bathed in vapor. Adjust the vert1ca1£?ﬂ&?
position of the apparatus and the water temperature as requ1red
to complete the concentration in 15 to 20 min. At the proper.ratey
of distillation, the balls of the column will actively chatterbut
the chambers ui11 not flood. When the apparent volume
reaches 1 ml, remove the K-D apparatus and allow it to
at least 10 min while cooling.

7.1.2.9 Remove the Snyder column and rinse the flask and
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. nou
ready for derivatization with diazomethane to form methyl es;ers

S

7.1.3 Esterification

7.1.3.1 The diazomethane derivatization (1) procedur =
described below will react efficiently with all of the chlorinateds
herbicides described in this method and should be used only by~«=?
experienced analysts, due to the potential hazards associated Wil
its use. Diazomethane is a carcinogen and can explode under-
certain conditions. The following precautions should be take
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e Use a safety screen.
e Use mechanical pipetting aides.
e Do not heat above 90° C - EXPLOSION may result.

e Avoid grinding surfaces, ground-gqlass joints, sleeve
bearings, glass stirrers - EXPLOSION may result.

e Store away from alkali metals - EXPLOSION may result.

e Solutions of diazomethane decompase rapidly in the
presence of solid materials such as copper powder,
calcium chloride, and beiling chips.

7.1.3.2 Instructions for preparing diazomethane are provided
with the generator kit. :

7.1.3.3 Add 2 ml of diazomethane solution and let sample
stand for 10 min with occasianal swirling.

7.1.3.4 Rinse inside wall of ampule with several hundred
ul of ethyl ether. Take sample to approximately 2 ml to remove
excess diazomethane by allowing salvent to evaporate spontanecusly
(room temperature).

7.1.3.5 Dissaolve 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 -Column
Dicamba 1a,2
2,4-0 1a,2
2,4,5-TP 1a,2
2,4,5-T 1a,2
2,4-08 la
Dalapon 3
McPPp 1b
MCPA 1b
Dichloroprop 1b

Oinoseb 1b
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Column la conditions: 95% Argon/5% Methane carrier gas at a flow rat
of 70 m1/min. Column temperature isothermal at 185° C.

Column 1b -temperature: 140° C for 6 min and then programmed to 200°
at 10°/min. p

Column 2 conditions:  95% Argon/S5% Methane carrier gas at a flow rate:ﬁ
of 70 m1/min. Column temperature, isothermal at 185° C. :

Column 3 conditions: UHP Nitrogen carrier gas at a flow rate of =
25 ml/min., Column temperature programmed from 100° to 150° C at 10_

if appropr1ate response and separation can be demonstrated.

7.3 Calibration

7.3.1 Establish gas chromatographic operating parameters equ
lent to those indicated above in Table 1. The gas chromatographic
system can be calibrated using the external standard technique (Sec-
tion 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 work1
standards at a minimum of three concentration 1eve15 by add1ng§“ 3
volumes of one or more stock standards to a volumetric flask andz=
diluting to volume with diethyl ether. One of the external stamnns
should be at a concentration near, but above, the method detection®
limit. The other concentrations shou1d correspond to the expecteds
range of concentrations found in real samples or should def1ne‘
working range of the detector.

7.3.2.2 Prepare calibration standards from the free ac1
esterification of the working standards as described under Liqu_
Extract1on Section 7.1.2. Us1ng injections of 2 to § ul of eag

against the mass injected. a:
calibration curve for each parameter, Alternatively, the ratTOf
the response to the mass injected, defined as the calibration’
factor (CF), can be calculated for each parameter at each standd
concentration. If the relative standard deviation of the ca]1Mﬁt i
factor is less than 10% over the working range, linearity throu

used in place 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 aor
more calibration standards. [f the response for any parameter
varies from the predicted response by more than +10%, the test must
pbe 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 measuyrement of the
internal standard is 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 minimum 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 abaove, the method
detecticn limit. The other concentrations should correspond to
the expected range of concentrations found in real samples, or
should define the warking range of the detector.

7.3.3.2 Prepare calibration standards from the free acids by
esterification of the working standards as described under Liguid
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 ul 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:

RF = (AsCis)/(AisCs)

where:

Response for the parameter to be measured.

3>
¥
N

Respaonse for the internal standard.

Concentration of the internal standard in ug/l.

O
[V
"

Concentration of the parameter to be measured in ug/l.

a4t o 3 mAAN g g By
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If the RF value over the working range is constant, less than
relative standard deviation, the RF can be assumed to be inva
and the average RF can be used for calculations. Alternative
the results can be used to plot a calibration curve of respor
ratios, Ag/Ajs against RF. :

7.3.3.5 The working calibration curve or RF must,beiﬁ
fied on each working day by the measurement of one or more cz2
tion standards. If the response for any parameter varies: fro
predicted response by more than +10%, the test must be repeat
using a fresh calibration standard. A]ternative]y, a new caT

tion curve must be prepared for that compound.

7.3.4 Before using any cleanup procedure, the analyst must
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 S5 pl of the sample extract using the solve
flush technique. Smaller (1.0-u1) volumes can be injected if autc
devices are employed. Record the volume injected to the neares;‘
0.05 ul, and the resulting peak size, in area units. L

7.4.2 If the peak area exceeds the linear range of the sysg-
dilute the extract and reanalyze. Be

~

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 standz
through the procedure to validate elution patterns and the absence
interferences from the reagents. z

7.4.4 Examples of chromatograms for chlorophenoxy herb1c1de<
shown in Figures 1 to 3.

8.0 Quality Control

8.1 Before processing any samples, the analyst should demonstrat:
through the analysis of a distilled water method blank that all glassw:
reagents are interference-free. Each time a set of samples is extracte
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 precisicn
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Column: 1.5% SP-2250/1.95% SP-2401 on Supeicopart {100/120 Mesh)
Temperatura: |sothermal at 185°C
Detector: Electron Capturs

2,40

-~ Dicamba
2,4,6-TP

2,4,6-7

2,4-DB

) VUYL

Q 1 2 3 4 ]
RETENTION TIME (MINUTES)

Figure 1. Gas chomatogram of chiorinated herbicides.
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|
Column: 1.5% SP-2250/1.95% SP-2401 on Supelcoport (100/120
Program: 140°C for § Min, 10°C/Minute to 200°C
Detector: Electron Capture
<
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Figure 2. Gas chromatogram of chlorinated herbicices.



8150 / 17

Column: 0.1% SP-1000 on 80/100 Mesh Carbopak C
Program: 100°C, 109C/Min o 150°C
Detactor: Electron Capturs

Dalapon

y

t | 1 |

Q 2 4 8
RETENTION TIME (MINUTES)

Figure 3. Gas chromatogram of dalapan, 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
groungwater 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/MS confirmation

8.3.1 GC/MS techniques should be judiciously employed to sur
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 &
capable of scanning the mass range at a rate to produce at least £
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-¥
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 E
interfaced to the mass spectrometer, s

8.3.2 Gas chromatographic columns and conditions should be"
selected for optimum separation and performance. The conditions -
selected must be compatible with standard GC/MS operating pract1ces
such as those described for Method 825Q. N

8.3.3 At the beginning of each day that confirmatory analyses
to be performed, the GC/MS system must be checked to see that all.li
(decafluorotriphenyl phosphine) performance criteria are achieved,::
described in Method 8250. Py

8.3.4 To confirm an identification of a compound, the backgrOL
corrected mass spectrum of the compound must be obtained from the;
sample extract and compared with a mass spectrum from a stock or:.
calibration standard analyzed under the same chromatographic ccndit%
At least 25 ng of material should be injected into the GC/MS. The~_
following criteria must be met for qualitative confirmation:

1. The molecular ion and all other ions present above 102 reTe:
abundance in the mass spectrum of the standard must be pres:
in the mass spectrum of the sample with agreement to +10..
example, if the relative abundance of an ion is 30% in the £
spectrum of the standard, the allowable limits for the feld
abundance of that ion in the mass spectrum for the samp]e“f
be 20-40%. ,
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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'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
e A chemical and waste inventory system :

e 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



Martin Marietta Environmental Systems

~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