






















































Enseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS (CONT.)
Method 625

Client Name: Goldberg-Zoino & Associates, Inc.
Client ID: GZA-106M
Lab ID: 004882-0006-SA Enseco ID: 2032538
Matrix: AQUEOUS Sampled: 08 NOV 89 Received: 09 NOV 89
Authorized: 09 NOV 89 Prepared: 13 NOV 89 Analyzed: 16 NOV 89

Reporting
Parameter Result Units Limit

Fluorene ND ug/L 10
4-Nitroaniline ND ug/L 50
4,6-Dinitro-2-methylphenol ND ug/L 50
N-Nitrosodiphenylamine ND ug/L 10
4-Bromophenyl p henyl ether ND ug/L 10
Hexachlorobenzene ND ug/L 10
Pentachlorophenol ND ug/L 50
Phenanthrene ND ug/L 10
Anthracene ND ug/L 10
Di-n-butyl phthalate ND ug/L 10
Fluoranthene ND ug/L 10
Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene ND ug/L 10
bis(2-Ethylhexyl)phthalate ND ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate ND ug/L 10
Benzo b fluoranthene ND ug/L 10
Benzo k fluoranthene ND ug/L 10
Benzo a pyrene ND ug/L 10
Indeno 1,2,3-c,d)pyrene ND ug/L 10
Dibenz a,h)anthracene ND ug/L 10
Benzo(g,h,i)perylene ND ug/L 10

Nitrobenzene-d5 49.8 % --
2-Fluorobiphenyl 49.3 %-
Terphenyl-d14 53.6 %--
Phenol-d5 32.3 %--
2-Fluorophenol 39.2
2,4,6-Tribromophenol 38.4 %--

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Kerylynn Hemmerle Approved By: Paula DiMattei



Enseo
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS
Method 625

Client Name: Goldbera-Zoino & Associates, Inc.
Client ID: GZA-101R
Lab ID: 004927-0004-SA Enseco ID: 2032568
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chlorop henol ND ug/L 10
1,3-Dichlorobenzene ND ug/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND ug/L 10
2-Methylphenol ND ug/L 10
bis(2-Chl oroisopropyl)ether ND ug/L 10
4-Methylphenol ND ug/L 10
N-Nitroso-di-n-propylamine ND ug/L 10
Hexachloroethane ND ug/L 10
Nitrobenzene ND ug/L 10
Isophorone ND ug/L 10
2-Nitrophenol ND ug/L 10
2,4-Dimethylphenol ND ug/L 10
Benzoic acid ND ug/L 50
bis(2-Chloroethoxy)methane ND ug/L 10
2,4-Dichlorophenol ND ug/L 10
1,2,4-Trichlorobenzene ND ug/L 10
Naphthalene ND ug/L 10
4-Chloroaniline ND ug/L 10
Hexachlorobutadiene ND ug/L 10
4-Chloro-3-methy lphenoi ND ug/L 10
2-Methylnaphthalene ND ug/L 10
Hexachlorocyclopentadiene ND ug/L 10
2,4,6-Trichlorophenol ND ug/L 10
2,4,5-Trichlorophenol ND ug/L 50
2-Chloronaphthalene ND ug/L 10
2-Nitroaniline ND ug/L 50
Dimethyl phthalate ND ug/L 10
Acenap hthylene ND ug/L 10
3-Nitroaniline ND ug/L 50
Acenaphthene ND ug/L 10
2,4-Dinitrophenol ND ug/L 50
4-Nitrophenol ND ug/L 50
Dibenzofuran ND ug/L 10
2,4-Dinitrotoluene NO ug/L 10
2,6-Dinitrotoluene ND ug/L 10
Diethyl phthalate NO ug/L 10
4-Chlorophenyl phenyl ether NO ug/L 10

(continued on following page)
N.D. = Not Detected
N.A. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



Enseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS (CONT.)
Method 62576

Client Name: Goldberq-Zoino & Associates, Inc.
Client ID: GZA-101P
Lab ID: 004927-0004-SA Enseco ID: 2032568
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Fluorene ND ug/L 10
4-Nitroaniline NO ug/L 50
4,6-Dinitro-2-methylphenol ND ug/L 50
N-Nitrosodiphenylamine ND ug/L 10
4-Bromophenyl p henyl ether ND ug/L 10
Hexachlorobenzene ND ug/L 10
Pentachlorophenol ND ug/L 50
Phenanthrene ND ug/L 10
Anthracene ND ug/L 10
Di-n-butyl phthalate ND ug/L 10
Fluoranthene ND ug/L 10
Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene ND ug/L 10
bis(2-Ethylhexyl)phthalate ND ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate ND ug/L 10
Benzo fluoranthene ND ug/L 10
Benzo k fluoranthene ND ug/L 10
Benzo a pyrene ND ug/L 10
Indeno(I,2,3-c,d)pyrene ND ug/L 10
Dibenz(a,h)anthracene ND ug/L 10
Benzo(g,h,i)perylene ND ug/L 10

Nitrobenzene-d5 85.6 % --
2-Fluorobiphenyl 75.4 %--
Terphenyl-d14 88.5 %--
Phenol-d5 53.0 %--
2-Fluorophenol 71.0 %--
2,4,6-Tribromophenol 68.0 %--

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



+ Frseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS
Method 625

Client Name: Goldberg- Zoino & Associates, Inc.
Client ID: GZA-10S
Lab ID: 004927-0005-SA Enseco ID: 2032569
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chlorophenol ND ug/L 10
1,3-Dichlorobenzene ND ug/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND ug/L 10
2-Methyl phenol ND ug/L 10
bis(2-Chloroisopropyl)ether ND ug/L 10
4-Methylphenol ND ug/L 10
N-Nitroso-di-n-propylamine ND ug/L 10
Hexachloroethane ND ug/L 10
Nitrobenzene ND ug/L 10
Isophorone ND ug/L 10
2-Nitrophenol ND ug/L 10
2,4-Dimethylphenol ND ug/L 10
Benzoic acid ND ug/L 50
bis(2-Chloroethoxy)methane ND ug/L 10
2,4-Dichloropheno1 ND ug/L 10
1,2,4-Trichlorobenzene ND ug/L 10
Naphthalene ND ug/L 10
4-Chloroaniline ND ug/L 10
Hexachlorobutadiene ND ug/L 10
4-Chloro-3-methylphenol ND ug/L 10
2-Methylnaphtha ene ND ug/L 10
Hexachlorocyclopentadiene ND ug/L 10
2,4,6-Trichlorophenol ND ug/L 10
2,4,5-Trichloro phenol ND ug/L 50
2-Chloronaphthalene ND ug/L 10
2-Nitroaniline ND ug/L s0
Dimethyl phthalate ND ug/L 10
Acenaphthylene ND ug/L 10
3-Nitroaniline ND ug/L 50
Acenaphthene ND ug/L 10
2,4-Dinitrophenol ND ug/L 50
4-Nitrophenol ND ug/L 50
Dibenzofuran ND ug/L 10
2,4-Dinitrotoluene ND ug/L 10
2,6-Dinitrotoluene ND ug/L 10
Diethyl phthalate ND ug/L 10
4-Chlorophenyl phenyl ether ND ug/L 10

(continued on following page)
N.D. = Not Detected
NRA. eNot Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



Enseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS (CONT.)
Method 625

Client Name: Goldberq-Zoino & Associates, Inc.
Client ID: GZA-105S
Lab ID: 004927-0005-SA Enseco ID: 2032569
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 39 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Fluorene ND ug/L 10
4-Nitroaniline ND ug/L 50
4,6-Dinitro-2-methylphenol ND ug/L 50
N-Nitrosodiphenylamine ND ug/L 10
4-Bromophenyl phenyl ether ND ug/L 10
Hexachlorobenzene ND ug/L 10
Pentachlorophenol ND ug/L 50
Phenanthrene ND ug/L 10
Anthracene ND ug/L 10
Di-n-butyl phthalate ND ug/L 10
Fluoranthene ND ug/L 10
Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene NO ug/L 10
bis(2-Ethylhexyl)phtha1ate NO ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate ND ug/L 10
Benzo b fluoranthene ND ug/L 10
Benzo k fluoranthene ND ug/L 10
Benzo a pyrene ND ug/L 10
Indeno(1,2,3-cd)pyrene ND ug/L 10
Dibenz(a,h)anthracene ND ug/L 10
Benzo(g,h,i)perylene NO ug/L 10

Nitrobenzene-d5 75.8 %-
2-Fluorobiphenyl 60.8 %
Terphenyl-d14 73.8 %--
Phenol-d5 7.60 % --
2-Fluorophenol 10.6 %--
2,4,6-Tribromophenol 21.8 %--

Note I : Surrogate recovery outside of limits due to sample matrix
interference.

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



tElnseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS
Method 625

Client Name: Goldberg-Zoino & Associates, Inc.
Client ID: PZ-iS
Lab ID: 004927-0007-SA Enseco ID: 2032571
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chlorop henol ND ug/L 10
1,3-Dichlorobenzene ND ug/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND ug/L 10
2-Methyl phenol ND ug/L 10
bis(2-Chloroisopropyi)ether ND ug/L 10
4-Methylphenol ND ug/L 10
N-Nitroso-di-n-propylamine ND ug/L 10
Hexachloroethane ND ug/L 10
Nitrobenzene ND ug/L 10
Isophorone ND ug/L 10
2-Nitrophenol ND ug/L 10
2,4-Dimethylphenol ND ug/L 10
Benzoic acid ND ug/L 50
bis(2-Chloroethoxv)methane ND ug/L 10
2,4-Dichlorophenol NO ug/L 10
1,2,4-Trichlorobenzene ND ug/L 10
Naphthalene ND ug/L 10
4-Chloroaniline ND ug/L 10
Hexachlorobutadiene ND ug/L 10
4-Chloro-3-methylphenol ND ug/L 10
2-Methylnaphtha ene ND ug/L 10
Hexachlorocyclopentadiene ND ug/L 10
2,4,6-Trichlorophenol ND ug/L 10
2,4,5-Trichlorophenol ND ug/L 50
2-Chloronaphthalene ND ug/L 10
2-Nitroaniline ND ug/L 50
Dimethyl phthalate ND ug/L 10
Acenaphthylene ND ug/L 10
3-Nitroaniline ND ug/L 50
Acenaphthene ND ug/L 10
2,4-Dinitrophenol ND ug/L 50
4-Nitrophenol ND ug/L 50
Dibenzofuran ND ug/L 10
2,4-Dinitrotoluene ND ug/L 10
2,6-Dinitrotoluene ND ug/L 10
Diethyl phthalate ND ug/L 10
4-Chiorophenyl phenyl ether ND ug/L 10

(continued on following page)
N.D. =Not Detected
N.A. =Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



CFiseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS (CONT.)
Method 625

Client Name: Goldberg-Zoino & Associates, Inc.
Client ID: PZ-1S
Lab ID: 004927-0007-SA Enseco ID: 2032571
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Fluorene ND ug/L 10
4-Nitroaniline ND ug/L 50
4,6-Dinitro-2-methylphenol ND ug/L 50
N-Nitrosodiphenylamine ND ug/L 10
4-Bromophenyl phenyl ether ND ug/L 10
Hexachlorobenzene NO ug/L 10
Pentachlorophenol ND ug/L 50
Phenanthrene ND ug/L 10
Anthracene ND ug/L 10
Di-n-butyl phthalate ND ug/L 10
Fluoranthene ND ug/L 10
Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene ND ug/L 10
bis(2-Ethylhexyl)phthalate ND ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate ND ug/L 10
Benzo( b) fluoranthene ND ug/L 10
Benzo k fluoranthene ND ug/L 10
Benzo a pyrene ND ug/L 10
Indeno (1,2,3-c,d)pyrene ND ug/L 10
Dibenz(a,h)anthracene ND ug/L 10
Benzo(g,h,i)perylene ND ug/L 10

Nitrobenzene-d5 73.6 % --
2-Fluorobiphenyl 64.2 %--
Terphenyl-d14 81.2 %
Phenol-d5 42.6 %
2-Fluorophenol 64.0 %--
2,4,6-Tribromophenol 63.5 %--

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



KEnseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS
Method 625

Client Name: Goldberg-Zoiro & Associates, Inc.
Client ID: GZA-12
Lab ID: 004927-0009-SA Enseco ID: 2032573
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Phenol ND Ug/L 10
bis(2-Chloroethyl)ether ND Ug/L 10
2-Chlorop henol ND Ug/L 10
1,3-Dichlorobenzene ND Ug/L 10
1,4-Dichlorobenzene ND Ug/L 10
Benzyl alcohol ND Ug/L 10
1,2-Dichlorobenzene ND Ug/L 10
2-Methyl phenol ND Ug/L 10
bis(2-Chloroisopropyl)ether ND Ug/L 10
4-Methylphenol ND Ug/L 10
N-Nitroso-di-n-propylamine ND Ug/L 10
Hexachloroethane ND Ug/L 10
Nitrobenzene ND Ug/L 10
Isophorone ND Ug/L 10
2-Nitrophenol ND Ug/L 10
2,4-Dimethylphenol ND Ug/L 10
Benzoic acid ND Ug/L 50
bis(2-Chloroethoxy)methane ND Ug/L 10
2,4-Dichloropheno ND Ug/L 10
1,2,4-Trichlorobenzene ND Ug/L 10
Naphthalene ND Ug/L 10
4-Chloroaniline ND Ug/L 10
Hexachlorobutadiene ND Ug/L 10
4-Chloro-3-methylphenol ND Ug/L 10
2-Methylnaphtha ene ND Ug/L 10
Hexachlorocyclopentadiene ND Ug/L 10
2,4,6-Trichl orophenol ND Ug/L 10
2,4,5-Trichlorophenol ND Ug/L 50
2-Chloronaphthalene ND Ug/L 10
2-Nitroaniline ND Ug/L 50
Dimethyl phthalate ND Ug/L 10
Acenaphthylene ND Ug/L 10
3-Nitroaniline ND Ug/L 50
Acenaphthene ND Ug/L 10
2,4-Dinitrophenol ND Ug/L 50
4-Nitrophenol ND Ug/L s0
Dibenzofuran ND Ug/L 10
2,4-Dinitrotoluene ND Ug/L 10
2,6-Dinitrotoluene ND Ug/L 10
Diethyl phthalate ND Ug/L 10
4-Chlorophenyl phenyl ether ND Ug/L 10

(continued on following page)
N.D. = Not Detected

ReA. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



SEnsea

TARGET COMPOUND LIST (TCL)
SEMI!VOLATILE ORGANICS (CONT.)

Method 625

Client Name: Goldberg-Zoino Associates. Inc.
Client ID: GZA-12
Lab ID: 004927-0009-SA Enseco ID: 2032573
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 29 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Fluorene ND Ug/L 10
4-Nitroaniline ND Ug/L 50
4,6-Dinitro-2-methylphenoi ND Ug/L 50
N-Nitrosodipheny lamine ND Ug/L 10
4-Bromophenyl phenyl ether ND Ug/L 10
Hexachlorobenzene ND Ug/L 10
Pentachlorophenol ND Ug/L 50
Phenanthrene ND Ug/L 10
Anthracene ND Ug/L 10
Di-n-butyl phthalate ND Ug/L 10
Fluoranthene NO Ug/L 10
Pyrene ND Ug/L 10
Butyl benzyl phthalate ND Ug/L 10
3,3'-Dichlorobenzidine ND Ug/L 20
Benzo(a)anthracene ND Ug/L 10
bis(2-Ethylhexyl)phthaiat2 NO Ug/L 10
Chrysene ND Ug/L 10
Di-n-octyl phthalate ND Ug/L 10
Benzo b)fluoranthene ND Ug/L 10
Benzo k) fluoranthene ND Ug/L 10
Benzo a)pyrene NO Ug/L 10
Indeno(1,2,3-c.d)pyrere ND Ug/L 10
Dibenz(a,h)anthracene ND Ug/L 10
Benzo(g,h,i)perylene ND Ug/L 10

Nitrobenzene-d5 80.6
2-Fluorobiphenyl 65.9
Terphenyl-d14 74.2 %
Phenol-d5 24.0 -
2-Fluorophenol 42.: --
2,4,6-Tribromophenol 32.4 %--

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



CEnseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS
Method 625

Client Name: Goldbera-Zoino & Associates, Inc.
Client ID: GZA-12F
Lab ID: 004927-0010-SA Enseco ID: 2032574
Matrix: AQUEOUS Sampled: 07 NOV 89 Received; 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chlorophenol ND ug/L 10
1,3-Dichlorobenzene ND ug/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND uq/L 10
2-Methylphenol ND ug/L 10
bis(2-Chloroisopropyl)ether ND ug/L 10
4-Methylphenol ND ug/L 10
N-Nitroso-di-n-propylamine ND ug/L 10
Hexachloroethane ND ug/L 10
Nitrobenzene ND ug/L 10
Isophorone ND ug/L 10
2-Nitrophenol ND ug/L 10
2,4-Dimethylphenol ND ug/L 10
Benzoic acid ND ug/L 50
bis(2-Chloroethoxy)methane ND ug/L 10
2,4-Dichloropheno ND ug/L 10
1,2,4-Trichlorobenzene ND ug/L 10
Naphthalene ND ug/L 10
4-Chloroaniline ND ug/L 10
Hexachlorobutadiene ND ug/L 10
4-Chloro-3-methylphenol ND ug/L 10
2-Methylnaphtha ene ND ug/L 10
Hexachlorocyclopentadiene ND ug/L 10
2,4,6-Trichlorophenol ND ug/L 10
2,4,5-Trichlorop henol NO ug/L 50
2-Chloronaphthalene ND ug/L 10
2-Nitroaniline ND ug/L 50
Dimethyl phthalate ND ug/L 10
Acenaphthylene ND ug/L 10
3-Nitroaniline ND ug/L 50
Acenaphthene ND ug/L 10
2,4-Dinitrophenol ND ug/L 50
4-Nitrophenol ND ug/L 50
Dibenzofuran ND ug/L 10
2,4-Dinitrotoluene ND ug/L 10
2,6-Dinitrotoluene ND ug/L 10
Diethyl phthalate ND ug/L 10
4-Chlorophenyl phenyl ether ND ug/L 10

(continued on following page)
N.D. = Not Detectedai8A. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



Enseco
TARGET COMPOUND LIST (TCL)

SEMIVOLATILE ORGANICS (CONT.)
Method 625

Client Name: Goldbera-Zoino & Associates, Inc.
Client ID: GZA-12FB
Lab ID: 004927-0010-SA Enseco ID: 2032574
Matrix: AQUEOUS Sampled: 07 NOV 89 Received: 08 NOV 89
Authorized: 10 NOV 89 Prepared: 14 NOV 89 Analyzed: 15 NOV 89

Reporting
Parameter Result Units Limit

Fluorene ND ug/L 10
4-Nitroaniline ND ug/L 50
4,6-Dinitro-2-methylphenol ND ug/L 50
N-Nitrosodiphenylamine ND ug/L 10
4-Bromophenyl phenyl ether ND ug/L 10
Hexachlorobenzene ND ug/L 10
Pentachlorophenal ND ug/L 50
Phenanthrene ND ug/L 10
Anthracene ND ug/L 10
Di-n-butyl phthalate ND ug/L 10
Fluoranthene ND ug/L 10
Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene NO ug/L 10
bis(2-Ethylhexyl)phthaiat- ND ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate ND ug/L 10
Benzo(b)fluoranthene ND ug/L 10
Benzo (k) fluoranthene ND ug/L 10
Benzo(a)pyrene ND ug/L 10
Indeno(1,2,3-c,d)pyrene ND ug/L 10
Dibenz(a,h)anthracene NO ug/L 10
Benzo(g,h,i)perylene ND ug/L 10

Nitrobenzene-d5 68.7 % --
2-Fluorobiphenyl 61.2 %--
Terphenyl-d14 78.6 %
Phenol-d5 47.0 %--
2-Fluorophenol 62.0 %--
2,4,6-Tribromophenol 55.5 %--

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Elizabeth Hynes Approved By: Paula DiMattei



Enseco
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoi no
GZA-101S
4927-02
Aqueous
09 NOV 89

Parameter

& Associates, Inc.

Sampled: 07 NOV 89
Prepared: 14 NOV 89

Result

Total Petroleum Hydrocarbon

Individual Hydrocarbon
Total Product

o-Terphenyl

Qualitative Identification:

0.43

Received:
Analyzed:

Units

mg/L (ppm)

mg/L (ppm)
mg/L (ppm)

NA
NA

100

08 NOV 89
25 NOV 89

Reporting
Limit

See below

0.01
0.50

NA

NA

Minimum reporting limit for individual hydrocarbons = 0.01 mg/L (ppm).
Minimum reporting limit for total products = 0.50 mg/L (ppm).

N.D. = Not Detected
N.A. = Not Applicable

Reported by: Anna Farrenkopf Approved By: Robert Lizotte



Enseco
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino
GZA-101R
4927-04
Aqueous
09 NOV 89

Parameter

& Associates, Inc.

Sampled: 07 NOV
Prepared: 14 NOV

Resul t

Total Petroleum Hydrocarbon

Individual Hydrocarbon
Total Product

o-Terphenyl

Qualitative Identification:

0.31

89
89

Received:
Analyzed:

Units

mg/L (ppm)

mg/L (ppm)
mg/L (ppm)

NA
NA

101

08 NOV 89
25 NOV 89

Reporting
Limit

See below

0.01
0.50

NA

NA

Minimum reporting limit for individual hydrocarbons = 0.01 mg/L (ppm).
Minimum reporting limit for total products = 0.50 mg/L (ppm).

N.D. = Not Detected
N.A. = Not Applicable

Reported by: Anna Farrenkopf Approved By: Robert Lizotte



mEnseco
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Goldberg-Zoino
GZA-1055
4927-05
Aqueous
09 NOV 89

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Parameter

Total Petroleum Hydrocarbon

Individual Hydrocarbon
Total Product

& Associates, Inc.

Sampled: 07 NOV
Prepared: 14 NOV

Result

130

NA
NA

89
89

Received:
Analyzed:

Units

mg/L (ppm)

mg/L (ppm)
mg/L (ppm)

08 NOV 89
28 NOV 89

Reporting
Limit

See below

0.25
13.0

o-Terphenyl Diluted out

Qualitative Identification:
to a mixture of a petroleum
and paint thinner.

NA

This sample has GC/FID characteristics that are similar
product in the fuel oil and asphalt/lubricating range

Minimum reporting limit for individual hydrocarbons = 0.01 mg/L (ppm).
Minimum reporting limit for total products = 0.50 mg/L (ppm).

N.D. = Not Detected
N.A. = Not Applicable

Reported by: Anna Farrenkopf Approved By: Robert Lizotte

%



nseco
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino
GZA-105S
4927-06
Aqueous
09 NOV 89

Parameter

Total Petroleum Hydrocarbon

Individual Hydrocarbon
Total Product

& Associates, Inc.

Sampled: 07 NOV 89
Prepared: 14 NOV 89

Result

6,700

NA
NA

Received:
Analyzed:

Units

mg/L (ppm)

mg/L (ppm)
mg/L (ppm)

08 NOV 89
28 NOV 89

Reporting
Limit

See below

15
700

o-Terphenyl Diluted out

Qualitative Identification: This sample has GC/FID characteristics that are similar
to a mixture of paint thinner and petroleum products in the fuel oil range.

Minimum reporting limit for individual hydrocarbons = 0.01 mg/L (ppm).
Minimum reporting limit for total products = 0.50 mg/L (ppm).

N.D. = Not Detected
N.A. = Not Applicable

Reported by: Anna Farrenkopf

NA

Approved By: Robert Lizotte



Enseco
PRIORITY POLLUTANT METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates,
GZA-102S
004927-0001-SA Enseco ID:
AQUEOUS Sampled:
10 NOV 89 Prepared:

Inc.

2032565
07 NOV 89
See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit MethodParameter

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

ND
0.11
ND
ND
ND
ND
ND
ND
N D
ND
ND
ND
0.03

mg/
mg/
mg/
Mg/
Mg/
mg/
mg/
mg/
mg/
mg/
mg/

mg/

0.05
0.02
0.002
0.005
0.01
0.01
0.005
0.0002
0.04
0.005
0.01
0.005
0.01

200.7
206.2
200.7
200.7
200.7
200.7
239.2
245.1
200.7
270.2
200.7
279.2
200.7

Prepared Analyzed
Date Date

NA
NA
NA
NA
NA
NA
NA
20 NOV 89
NA
NA
NA
NA
NA

28
21
28
28
28
28
21
21
28
21
28
21
28

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89
89
89
89
89
89
89
89
89
89
89
89
89

Note G : Reporting limit raised due to matrix interference.

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast Approved By: Vaughn Pusey



Enseco
PRIORITY POLLUTANT METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
GZA-10]S
004927-0002-SA Enseco ID: 2032566
AQUEOUS Sampled: 07 NOV 89
10 NOV 89 Prepared: See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit MethodParameter

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

ND
ND
ND
ND
ND

0.02
ND
ND
ND
ND
ND
ND
0.05

mg/L
mg/L
mg/ L
mg/ L
mg/ L
Mg/ L
mg/ L
mg/ L
mg/ L
mg/L
mg/ L
mg/ L
mg/ L

0.05
0.005
0.002
0.005
0.01
0.01
0.005
0.0002
0.04
0.005
0.01
0.005
0.01

200.7
206.2
200.7
200.7
200.7
200.7
239.2
245.1
200.7
270.2
200.7
279.2
200.7

Prepared Analyzed
Date Date

NA
NA
NA
NA
NA
NA
NA
20 NOV 89
NA
NA
NA
NA
NA

28
21
28
28
28
28
21
21
28
21
28
21
28

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89
89
89
89
89
89
89
89
89
89
89
89
89

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast Approved By: Vaughn Pusey



tEnseco
PRIORITY POLLUTANT METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldbera-Zoino & Associates,
GZA-101R
004927-0004-SA Enseco ID:
AQUEOUS Sampled:
10 NOV 89 Prepared:

Inc.

2032568
07 NOV 89
See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit Method

ND
ND
ND
ND
ND
0.02
NO
ND
N o
ND
ND
ND
NO

mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L

0.05
0.005
0.002
0.005
0.01
0.01
0.005
0.0002
0.04
0.005
0.01
0.005
0.01

200.7
206.2
200.7
200.7
200.7
200.7
239.2
245.1
200.7
270.2
200.7
279.2
200.7

Prepared Analyzed
Date Date

NA
NA
NA
NA
NA
NA
NA
20 NOV 89
NA
NA
NA
NA
NA

28
21
28
28
28
28
21
21
28
21
28
21
28

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89
89
89
89
89
89
89
89
89
89
89
89
89

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast Approved By: Vaughn Pusey

Parameter

Antimony
Arsenic
Beryll ium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc



Enseco
PRIORITY POLLUTANT METALS

(DISSOLVED)

Client Name:
Client ID;
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
PZ-IS
004927-0007-SA Enseco ID: 2032571
AQUEOUS Sampled: 07 NOV 89
10 NOV 89 Prepared: See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit MethodParameter

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

ND
ND
ND
ND
ND
NO
ND
NO
ND
NO
ND
ND
0.08

mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/L
mg/ L
mg/ L
mg/ L
mg/ L

0.05
0.005
0.002
0.005
0.01
0.01
0.005
0.0002
0.04
0.005
0.01
0.005
0.01

200.7
206.2
200.7
200.7
200.7
200.7
239.2
245.1
200.7
270.2
200.7
279.2
200.7

Prepared Analyzed
Dite Date

NA
NA
NA
NA
NA
NA
NA
20 NOV 89
NA
NA
NA
NA
NA

28
21
28
28
28
28
21
21
28
21
28
21
28

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast

0

89
89
89
89
89
89
89
89
89
89
89
89
89

Approved By: Vaughn Pusey



Enseco
PRIORITY POLLUTANT METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates,
GZA-8
004927-0008-SA Enseco ID:
AQUEOUS Sampled:
10 NOV 89 Prepared:

Inc.

2032572
07 NOV 89
See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit Method

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.03

mg/ L
mg/ L
mg/L
mg/ L
mg/ L
mg/ L
mg/ L
mg/L
mg/L
mg/L
mg/ L
mg/ L
mg/ L

0.05
0.005
0.002
0.005
0.01
0.01
0.005
0.0002
0.04
0.005
0.01
0.005
0.01

200.7
206.2
200.7
200.7
200.7
200.7
239.2
245.1
200.7
270.2
200.7
279.2
200.7

Prepared Analyzed
Date Date

NA
NA
NA
NA
NA
NA
NA
20 NOV 89
NA
NA
NA
NA
NA

28
21
28
28
28
28
21
21
28
21
28
21
28

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89
89
89
89
89
89
89
89
89
89
89
89
89

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast

Parameter

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

Approved By: Vaughn Pusey



Enseco
PRIORITY POLLUTANT METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates,
GZA-12
004927-0009-SA Enseco ID:
AQUEOUS Sampled:
10 NOV 89 Prepared:

Inc.

2032573
07 NOV 89
See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit MethodParameter

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.22

mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/L
mg/ L
mg/ L
mg/ L
mg/ L

0.05
0.005
0.002
0.005
0.01
0.01
0.005
0.0002
0.04
0.005
0.01
0.01
0.01

200.7
206.2
200.7
200.7
200.7
200.7
239.2
245.1
200.7
270.2
200.7
279.2
200.7

Prepared Analyzed
Date Date

NA
NA
NA
NA
NA
NA
NA
20 NOV 89
NA
NA
NA
NA
NA

28
21
28
28
28
28
21
21
28
21
28
21
28

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89
89
89
89
89
89
89
89
89
89
89
89
89

Note G : Reporting limit raised due to matrix interference.

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast Approved By: Vaughn Pusey



Enseco
PRIORITY POLLUTANT METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates,
GZA-12FB
004927-0010-SA Enseco ID:
AQUEOUS Sampled:
10 NOV 89 Prepared:

Inc.

2032574
07 NOV 89
See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit Method

NO
ND
ND
ND
NO
ND
ND
ND
ND
ND
ND
ND
0.17

mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L

0.05
0.005
0.002
0.005
0.01
0.01
0.005
0.0002
0.04
0.005
0.01
0.005
0.01

200.7
206.2
200.7
200.7
200.7
200.7
239.2
245.1
200.7
270.2
200.7
279.2
200.7

Prepared Analyzed
Date Date

NA
NA
NA
NA
NA
NA
NA
20 NOV 89
NA
NA
NA
NA
NA

28
21
28
28
28
28
21
21
28
21
28
21
28

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89
89
89
89
89
89
89
89
89
89
89
89
89

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast Approved By: Vaughn Pusey

Parameter

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc



K EScco
METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
GZA-101M
004927-0003-SA Enseco ID: 2032567
AQUEOUS Sampled: 07 NOV 89
10 NOV 89 Prepared: See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Parameter Result Units Limit Method

Preared Analyzed
Date Date

ND mg/L
0.09 mg/L

0.1 200.7
0.01 200.7

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast

Iron
Manganese

NA
NA

28 NOV 89
28 NOV 89

-

Approved By: Vaughn Pusey



METALS

Client Name:
Client ID:
Lab 10:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
GZA-101M Total
004927-0011-SA Enseco ID: 2032575
AQUEOUS Sampled: 07 NOV 89
10 NOV 89 Prepared: See Below

Received: 08 NOV 89
Analyzed: See Below

Reporting Analytical
Result Units Limit Method

25 mg/L
0.35 mg/L

0.1 200.7
0.01 200.7

Prepared Analyzed
Date Date

27 NOV 89
27 NOV 89

28 NOV 89
28 NOV 89

N.D. = Not Detected
N.A. = Not Applicable

Reported By: Tara Prendergast Approved By: Vaughn Pusey

Parameter

Iron
Manganese

-Enseco



Enseco
INORGANICS Q C.. .

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
GZA-101M
004927-0003-SA Enseco ID: 2032567
AQUEOUS Sampled: 07 NOV 89
10 NOV 89 Prepared: See Below

Received: 08 NOV 89
Analyzed: See Below

Parameter

Chloride
Conductance, Specific
Nitrate (as Nitrogen)
Nitrite (as Nitrogen)
Organic Carbon, Total
pH

Reporting Analytical
Result Units Limit Method

171
980

4.8
ND
2.9
6.61

mg/ L
umho/cm
mg/L
mg/L
mg/ L
pH

5
1
0.05
0.05
0.5
NA

325.2
120.1
353.2
353.2
505B
150.1

Prepared Analyzed
Date Date

NA
NA
NA
NA
NA
NA

13 NOV
14 NOV
10 NOV
10 NOV
13 NOV
10 NOV

89
89
89
89
89
89

N.D. = Not Detected
N.A. = Not Applicable

Approved By: Josefina JonesReported By: John Poirier
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LAPUCK
LABORATORIES. INC.

:1. .--N

REPORT

71IICAL ANALYSIS
YFRIOLOGY

A TER ANALYSIS
OD \NALYSIS

YPE:FICA TION TESTING

Nove mber 24, 1989

LAB NO. 34287

Ms. Alice Lee
Enseco-Erco Laboratory
205 Alewife Brook Parkwnn
Cambridge, MA 02138

P.O. 4927

Sanple Received: I1. 22/RP

Sample Identification: ..927-03

Test Method: E.P.. Stadnard Methods

Test Results:

Fluoride

LT 0.1mg/l

Sulfate

18. 79mg/

Total Suspended Solids

544mq/kg

LAPUCK LABORATORIES, INC.

Nathan Bekowitz, V.P.

D.E.Q. E.-M A 061

Consulting & Testing Services

for over 20 Years...
.erfr n cujre Urm 11he :10 ma1: ii! i 1 not be 1: rriuced whfol I or in part for n14ertIsmfsf., or er purposes or r our

signature or in connection with our name winout special ermission in wrting. Total Liability is limited to the invoiced amnount. The
1results listed refer only to tested samples and, or arherj -, smeters

4927-03



LAPUCK
LABORATORIES, INC.

[HumR 5PR

REPORT

ILI

LAB NO. 34251

Ms. Alice Lee
Enseco-Erco Laboratory
205 Alewife Brook Parkway
Cambridge, M A 02138

P.O. 4927

Sample Received: November 15, 1989

Sample Identification: -19270-, 1, 07, 08 to 10

Test Method: E.P.A. Standard Methods

Cvanide

LT 0.005

LTO.005

LT 0.005

0.007

LT 0.005~

LT 0.005

LAPUCK LABORATORIES, INC.

Nathan BekowItz, v. P.

9

' 1 report to renaered uirn the conton tiat n % nott ne r reroauced wholy or in pain lor adverusing or other purposes o er OUT
signature or in connection with our name without special permission in writing. Total liabiliry is limited to the invoiced amount. The
results isted refer only to tested samples andlor a licable narameb

Test Results:

.1927-02

1927-04

4927-07

4927-08

4927-09

4927-10

NB/f mo

Consulting & Testing Services
for over 20 Years...

('HE MICAL ANALYSIS@
B ACTERIOLOGY
W ATER ANALYSIS
FOOD ANALYSIS
SPECIFICATION TESTTN

November 15, 1989
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Enseco

QUALITY ASSURANCE/QUALITY CONTROL

As an indication of the overall quality of the data generated by
Enseco - Erco Laboratory for this report, the following controls have been

provided (when applicable).

Method blanks are analyzed to assess the level of contamination which

exists in the analytical system. A method blank, analyzed with every batch

of samples, consists of reagents specific to the method. This blank is

carried through every aspect of the procedure, including preparation,
cleanup, and analysis. Ideally, the concentration of an analyte in the blank

is below the reporting limit for that analyte. However, some common
laboratory solvents and metals are difficult to eliminate to the part-per-

billion levels commonly reported in environmental analyses. Therefore, all
method blank data is reported to the client. Data are not blank-corrected.

Duplicate control samoles (DCS) are used to monitor the laboratory's
day-to-day performance of routine analytical methods. A DCS consists of a
standard, control matrix which is spiked with a group of target compounds
representative of the method analytes. The DCS is analyzed with
environmental samples to provide evidence that the laboratory is performing
the method within accepted QC guidelines.

A DCS has been established for most routine analytical methods. Reagent
water is used as the control matrix for the analysis of aqueous samples. The
DCS compounds are spiked into reagent water and carried through the
appropriate steps of the analysis. As stated in SW-846 (third edition), a
universal blank matrix does not exist for solid samples and therefore no
matrix is used. The DCS for solid samples consists of the DCS compounds
spiked into a reagent blank and carried through the appropriate steps of the
analysis. The data thus obtained are used to set the DCS control limits. As
sufficient laboratory data become available, the control limits are redefined
based upon the most recent six months of DCS data. Control limits for
accuracy are based on the historical average recovery of the DCS plus or
minus three standard deviation units, or alternatively on established control
limits defined in the methodology.

Surrogates are organic compounds that are similar to the analytes of
interest in chemical behavior but which are not normally found in
environmental samples. Enseco routinely adds surrogates to samples requiring
GC/MS and most GC analysis and reports these surrogate recoveries to the
client. These surrogates are added to samples to monitor the effect of the
matrix on the accuracy of the analysis. Results are reported in terms of
percent recovery.



QC LOT ASSIGNMENT REPORT
Semivolatile Organics by GC/MS

Laboratory
Sample Number

004882-0002-SA
004882-0003-SA
004882-0004-SA
004882-0005-SA
004882-0006-SA
004882-0007-SA
004882-0008-SA
004882-0009-SA
004882-0010-SA

QC Matrix

AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS

QC Category

625-A
625-A
625-A
625-A
625-A
625-A
625-A
625-A
625-A

QC Lot Number
(DCS)

13
13
16
13
13
13
13
13
13

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89-FA
89-FA
89-FA
89-FA
89-FA
89-FA
89-FA
89-FA
89-FA

QC Run Number
(SCS/BLANK)

13
13
16
13
13
13
13
13
13

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89-F13
89-F13
89-F14
89-F13
89-F13
89-F13
89-F13
89-F13
89-F13

Ensece
I oRN cNt,

0s



Enseco
DUPLICATE CONTROL SAMPLE REPORT
Semivolatile Organics by GC/MS

Concentration Accuracy Precisi
Analyte Spiked Measured Average(%) (RPD)

DCS1 DCS2 AVG DCS Limits DCS Lim

Category: 625-A
Matrix: AQUEOUS
QC Lot: 13 NOV 89-FA
Concentration Units: ug/L

Pentachlorophenol 200 131 127 129 65 9-103 3.4
Phenol 200 89.5 89.6 89.6 45 12- 89 0.2
2-Chlorophenol 200 160 159 160 80 27-123 1.0
4-Chloro-3-methylphenol 200 129 131 130 65 23- 97 1.4
4-Nitrophenol 200 141 139 140 70 10- 80 1.8
2,2,4-Trichlorobenzene 100 67.2 67.6 67.4 67 39- 98 0.5
Acenaphthene 100 58.5 56.8 57.7 58 46-118 3.1
2,4-Dinitrotoluene 100 73.0 72.1 72.5 73 24- 96 1.2
Pyrene 100 74.2 74.2 74.2 74 26-127 0.0
N-Nitroso-di-n-propylamine 100 75.0 77.1 76.0 76 41-116 2.8
1,4-Dichlorobenzene 100 64.6 64.1 64.3 64 36- 97' 0.8

Category: 625-A
Matrix: AQUEOUS
QC Lot: 16 NOV 89-FA
Concentration Units: ug/L

Pentachlorophenol 200 236 NA NC NC 9-103 NC
Phenol 200 130 NA NC NC 12- 89 NC
2-Chlorophenol 200 244 NA NC NC 27-123 NC
4-Chloro-3-methylphenol 200 184 NA NC NC 23- 97 NC
4-Nitrophenol 200 196 NA NC NC 10- 80 NC
1,2,4-Trichlorobenzene 100 105 NA NC NC 39- 98 NC
Acenaphthene 200 87.2 NA NC NC 46-118 NC
2,4-Dinitrotoluene 100 108 NA NC NC 24- 96 NC
Pyrene 100 133 NA NC NC 26-127 NC
N-Nitroso-di-n-propylamine 100 116 NA NC NC 41-116 NC
1,4-Dichlorobenzene 100 89.1 NA NC NC 36- 97 NC 2

ND = Not detected
NC = Not calculated, calculation not applicable.
NA = Not applicable

Calculations are performed before rounding to avoid round-off errors in calculated results.



Ensewo

SINGLE CONTROL SAMPLE REPORT
Semivolatile Organics by GC/MS

Concentration Accuracy(%)
Analyte Spiked Measured SCS Limits

Category: 625-A
Matrix: AQUEOUS
QC Lot: 13 NOV 89-FA QC Run: 13 NOV 89-F13
Concentration Units: ug/L

Phenol-d5 200 57.0 28 10- 94
2-Fluorophenol 200 76.2 38 21-100
2,4,6-Tribromophenol 200 129 64 10-123
Nitrobenzene-d5 100 61.4 61 35-114
2-Fluorobiphenyl 100 58.7 59 43-116
Terphenyl-d14 100 60.9 61 33-141

Category: 625-A
Matrix: AQUEOUS
QC Lot: 16 NOV 89-FA QC Run: 16 NOV 89-F14
Concentration Units: ug/L

Phenol-d5 200 92.1 46 10- 94
2-Fluorophenol 200 136 68 21-100
2,4,6-Tribromophenol 200 87.3 44 10-123
Nitrobenzene-d5 100 91.2 91 35-114
2-Fluorobiphenyl 100 72.0 72 43-116
Terphenyl-d14 100 80.8 81 33-141

Calculations are performeo before rounding to avoid round-off errors in calculated results.



Enseco
METHOD BLANK REPORT
Semivalatile Organics by GC/MS

Reporting
Analyte Result Units Limit

Test: 625-TCL-A
Matrix: AQUEOUS
QC Lot: 13 NOV 89-FA QC Run: 13 NOV 89-F13

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chlorop henol ND ug/L 10
1,3-Dichlorobenzene ND ug/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND ug/L 10
2-Methylphenol ND ug/L 10
bis(2-Chl oroisopropyl)ether ND ug/L 10
4-Methylphenol ND ug/L 10
N-Nitroso-di-n-propylamine ND ug/L 10
Hexachloroethane ND ug/L 10
Nitrobenzene ND ug/L 10
Isophorone ND ug/L 10
2-Nitrophenol ND ug/L 10
2,4-Dimethylphenol ND ug/L 10
Benzoic acid NO ug/L 50
bis(2-Chloroethoxy)methane ND ug/L 10
2,4-Dichlorophenoi ND ug/L 10
1,2,4-Trichlorobenzene ND ug/L 10
Naphthalene ND ug/L 10
4-Chloroaniline ND ug/L 10
Hexachlorobutadiene ND ug/L 10
4-Chloro-3-methy phenol ND ug/L 10
2-Methylnaphthalene ND ug/L 10
Hexachlorocyclopentadiene ND ug/L 10
2,4,6-Trich orophenol ND ug/L 10
2,4,5-Trichlorophenol ND ug/L 50
2-Chloronaphthalene ND ug/L 10
2-Nitroaniline NO ug/L 50
Dimethyl phthalate ND ug/L 10
Acenaphthylene ND ug/L 10
3-Nitroaniline NO ug/L 50
Acenaphthene ND ug/L 10
2,4-Dinitrophenol ND ug/L so
4-Nitrophenol ND ug/L 50
Dibenzofuran ND ug/L 10
2,4-Dinitrotoluene ND ug/L 10
2,6-Dinitratoluene ND ug/L 10
Diethyl phthalate ND ug/L 10
4-Chlorophenyl phenyl ether ND ug/L 10



Ensecc

METHOD BLANK REPORT
Semivolatile Organics by GC/MS (cont.)

Reporting
Analyte Result Units Limit

Test: 625-TCL-A
Matrix: AQUEOUS
QC Lot: 13 NOV 89-FA QC Run: 13 NOV 89-F13

Fluorene ND ug/L 10
4-Nitroaniline ND ug/L 50
4,6-Dinitro-2-methylphenol NO ug/L 50
N-Nitrosadiphenylamine ND ug/L 10
4-Bromophenyl p henyl ether ND ug/L 10
Hexachlorobenzene ND ug/L 10
Pentachlorophenol ND ug/L 50
Phenanthrene ND ug/L 10
Anthracene ND ug/L 10
Di-n-butyl phthalate ND ug/L 10
Fluoranthene NO ug/L 10
Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene NO ug/L 10
bis(2-Ethylhexyl)phthalate ND ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate ND ug/L 10
Benzo(b fluoranthene ND ug/L 10
Benzo( k fluoranthene ND ug/L 10
Benzo(a pyrene ND ug/L 10
Indeno( 1,2,3-c,d)pyrene ND ug/L 10
Dibenz(a,h)anthracene ND ug/L 10
Benzo(g,h,i)perylene NO ug/L 10

Test: 625-TCL-A
Matrix: AQUEOUS
QC Lot: 13 NOV 89-FA QC Run: 13 NOV 89413

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chlorophenol ND ug/L 10
1,3-Dich orobenzene NO uy/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND ug/L 10
2-Methyl phenol NO ug/L 10
bis(2-Chloroisopropy1)ether ND ug/[ 10
4-Methyiphenol ND ug/L 10
N-Nitroso-di-n-propylamine ND ug/L 10



DUPLICATE CONTROL SAMPLE REPORT

DUPLICATE CONTROL SAMPLE REPORT
Chromatography

Analyte

Enseco

Spiked
Concentration

DCS1
Measured

DCS2

Accuracy
Average(%)

AVG DCS Limits

Category: PCB-A
Matrix: AQUEOUS
QC Lot: 13 OCT 89-FB
Concentration Units: ug/L

Aroclor-1254 5 3.50 2.40 2.95 59 60-140

Calculations are performed before rounding to avoid round-off errors in calculated results.

Precision
(RPD)

DCS Limit

37 30



A Enseco
SINGLE CONTROL SAMPLE REPORT
Chromatography

Concentration
Spiked Measured

Category: PCB-A
Matrix: AQUEOUS
QC Lot: 13 OCT 89-FB
Concentration Units:

Dibutyichlorendate

Accuracy(%)
SCS Limits

QC Run: 10 NOV 89-01
ug/L

2.00 ND NC 60-140

ND = Not detected
NC = Not calculated, calculation not applicable.
NA = Not applicable

Calculations are performed before rounding to avoid round-off errors in calculated results.

Analyte



Enseco
METHOD BLANK REPORT
Semivolatile Organics by GC/MS (cont.)

Analyte Result Units
Reporting

Limit

Test: 625-TCL-A
Matrix: AQUEOUS
QC Lot: 13 NOV 89-FA QC Run:

Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic acid
bis(2-Chloroethoxy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene
Hexach orocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chlorona phthalene
2-Nitroani line
Dimethyl phthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethyl phthalate
4-Chlorophenyl phenyl ether
Fluorene
4-Nitroaniline
4,6-Dinitro-2-methylphenol
N-Nitrosodiphenylamine
4-Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di-n-butyl phthalate
Fluoranthene

13 NOV 89-F13

ND
ND
ND
ND
ND
ND
ND
NO
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ug/ L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/ L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L



Enseco
C0NINCC

METHOD BLANK REPORT
Semivolatile Organics by GC/MS (cont.)

Reporting
Analyte Result Units Limit

Test: 625-TCL-A
Matrix: AQUEOUS
QC Lot: 13 NOV 89-FA QC Run: 13 NOV 89-F13

Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene ND ug/L 10
bis(2-Ethylhexyl)phthalate ND ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate NO ug/L 10
Benzo b fluoranthene ND ug/L 10
Benzo k fluoranthene ND ug/L 10
Benzo a pyrene ND ug/L 10
Indeno( 1,2,3-c,d)pyrene NO ug/L 10
Dibenz(a,h)anthracene ND ug/L 10
Benzo(g,h,i)perylene ND ug/L 10

Test: 625-TCL-A
Matrix: AQUEOUS
QC Lot: 16 NOV 89-FA QC Run: 16 NOV 89-F14

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chloro phenol ND ug/L 10
1,3-Dichlorobenzene NO ug/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND ug/L 10
2-Methyl phenol ND ug/L 10
bis(2-Chloroisopropyl)ether ND ug/L 10
4-Methylphenol ND ug/L 10
N-Nitroso-di-n-propylamine ND ug/L 10
Hexachloroethane ND ug/L 10
Nitrobenzene ND ug/L 10
Isophorone ND ug/L 10
2-Nitrophenol ND ug/L 10
2,4-Dimethylphenol ND ug/L 10
Benzoic acid ND ug/L 50
bis(2-Chloroethoxy)methane ND ug/L 10
2,4-Dichlorophenol ND ug/L 10
1,2,4-Trichlorobenzene ND ug/L 10
Naphthalene ND ug/L 10
4-Chloroaniline ND ug/L 10



Enseco

. QC LOT ASSIGNMENT REPORT
Metals Analysis and Preparation

Laboratory
Sample Number

004882-0002-SA
004882-0002-SA
004882-0002-SA
004882-0002-SA
004882-0002-SA
004882-0002-SA
004882-0003-SA
004882-0003-SA
004882-0003-SA
004882-0003-SA
004882-0003-SA
004882-0003-SA
004882-0004-SA
004882-0004-SA
004882-0004-SA
004882-0004-SA
004882-0004-SA
004882-0004-SA
004882-0005-SA
004882-0005-SA
004882-0005-SA

0004882-0005-SA004882-0005-SA
004882-0005-SA
004882-0006-SA
004882-0006-SA
004882-0006-SA
004882-0006-SA
004882-0006-SA
004882-0006-SA
004882-0007-SA
004882-0007-SA
004882-0007-SA
004882-0007-SA
004882-0007-SA
004882-0007-SA
004882-0008-SA
004882-0008-SA
004882-0008-SA
004882-0008-SA
004882-0008-SA
004882-0008-SA
004882-0009-SA
004882-0009-SA
004882-0009-SA
004882-0009-SA
004882-0009-SA

QC Matrix

AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS

QC Category

ICP-AD
FAA-AD
FAA-AD
HG-CVAA-AD
FAA-AD
FAAI-AD
ICP-AD
FAA-AD
FAA1-AD
HG-CVAA-AD
FAA-AD
FAA -AD
ICP-AD
FAA1-AD
FAA1-AD
HG-CVAA-AD
FAA1-AD
FAA-AD
ICP-AD
FAA1-AD
FAA1-AD
HG-CVAA-AD
FAA1-AD
FAA-AD
ICP-AD
FAA1-AD
FAA1-AD
HG-CVAA-AD
FAA1-AD
FAAl-AD
ICP-AD
FAA-AD
FAA1-AD
HG-CVAA-AD
FAA1-AD
FAAl-AD
ICP-AD
FAA-AD
FAAI-AD
HG-CVAA-AD
FAA-AD
FAA1-AD
ICP-AD
FAA-AD
FAA-AD
HG-CVAA-AD
FAAI-AD

QC Lot Number
(DCS)

15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475
15 NOV 89-475

QC Run Number
(SCS/BLANK)

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475



Enseco

QC LOT ASSIGNMENT REPORT
Metals Analysis and Preparation (cont.)

Laboratory
Sample Number

004882-0009-SA
004882-0010-SA
004882-0010-SA
004882-0010-SA
004882-0010-SA
004882-0010-SA
004882-0010-SA
004882-0011-SA
004882-0014-SA
004882-0015-SA
004882-0016-SA
004882-0017-SA
004882-0018-SA

QC Matrix

AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS

QC Category

FAA1-AD
ICP-AD
FAA1-AD
FAA1-AD
HG-CVAA-AD
FAA1-AD
FAA1-AD
FAA1-AD
ICP-AT
ICP-AT
ICP-AT
ICP-AT
ICP-AT

QC Lot Number
(DCS)

15
15
15
15
15
15
15
15
14
14
14
14
14

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-482
89-482
89-482
89-482
89-482

QC Run Number
(SCS/BLANK)

15
15
15
15
15
15
15
15
14
14
14
14
14

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV

89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-475
89-482
89-482
89-482
89-482
89-482



7 Enseo
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Quality Control

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
Laboratory Control Spike Duplicate
15 NOV 89-FAD
Aqueous Sampled: NA
NA Prepared: 15 NOV 89

Received: NA
Analyzed: 21 NOV 89

Parameter

ortho-Terphenyl
Fuel Oil No. 2

Percent
Recovery

100
120

QC Advisory
Limits

60-120%
60-120%

N.A. = Not Applicable

Approved By: Anna FarrenkopfReported by: Robert Lizotte



Enseco
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Quality Control

Client Name: Goldberg-Zoino & Associates, Inc.
Client ID: Laboratory Control Spike
Lab ID: 15 NOV 89-FA
Matrix: Aqueous Sampled: NA
Authorized: NA Prepared: 15 NOV 89

Percent
RecoveryParameter

ortho-Terphenyl
Fuel Oil No. 2

102
104

Received: NA
Analyzed: 21 NOV 89

QC Advisory
Limits

60-120%
60-120%

N.A. = Not Applicable

Approved By: Anna FarrenkopfReported by: Robert Lizotte
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Enseco

QUALITY ASSURANCE/QUALITY CONTROL

As an indication of the overall quality of the data generated by
Enseco - Erco Laboratory for this report, the following controls have been
provided (when applicable).

Method blanks are analyzed to assess the level of contamination which
exists in the analytical system. A method blank, analyzed with every batch
of samples, consists of reagents specific to the method. This blank is
carried through every aspect of the procedure, including preparation,
cleanup, and analysis. Ideally, the concentration of an analyte in the blank
is below the reporting limit for that analyte. However, some common
laboratory solvents and metals are difficult to eliminate to the part-per-
billion levels commonly reported in environmental analyses. Therefore, all
method blank data is reported to the client. Data are not blank-corrected.

Duplicate control samples (DCS) are used to monitor the laboratory's
day-to-day performance of routine analytical methods. A DCS consists of a
standard, control matrix which is spiked with a group of target compounds
representative of the method analytes. The DCS is analyzed with
environmental samples to provide evidence that the laboratory is performing
the method within accepted QC guidelines.

A DCS has been established for most routine analytical methods. Reagent
water is used as the control matrix for the analysis of aqueous samples. The
DCS compounds are spiked into reagent water and carried through the
appropriate steps of the analysis. As stated in SW-846 (third edition), a
universal blank matrix does not exist for solid samples and therefore no
matrix is used. The DCS for solid samples consists of the DCS compounds
spiked into a reagent blank and carried through the appropriate steps of the
analysis. The data thus obtained are used to set the DCS control limits. As
sufficient laboratory data become available, the control limits are redefined
based upon the most recent six months of DCS data. Control limits for
accuracy are based on the historical average recovery of the DCS plus or
minus three standard deviation units, or alternatively on established control
limits defined in the methodology.

Surrogates are organic compounds that are similar to the analytes of
interest in chemical behavior but which are not normally found in
environmental samples. Enseco routinely adds surrogates to samples requiring
GC/MS and most GC analysis and reports these surrogate recoveries to the
client. These surrogates are added to samples to monitor the effect of the
matrix on the accuracy of the analysis. Results are reported in terms of
percent recovery.



Enseco

LOT ASSIGNMENT REPORT
emivolatile Organics b. 2C'

iaboratory
Sample Number

704872-0001-SA
004872-0002-SA

C at r X

AQUEOUS
AQUEOUS

QC Category

625-A
625-A

QC Lot NumS:r
(DCS)

11 DEC 89-FA
11 DEC 89-FA

QC Run Numb:;
(SCS/BLANK)

12 DEC 89-F15
12 DEC 89-FIS



-'Insecc

IPLICATE CONTROL SAMPLE :2PRT
Semivolatile Organics bv GC/MS

..naIyte
Concentration

Spiked

Category: 625-A
Matrix: AQUEOUS
0C Lot: 11 DEC 89-FA
Concentration Units: ug/L

'entachlorophenol
Phenol
2-Chlorophenol
4-Chloro-3-methylphenol
4-Nitrophenol
.2,4-Trichlorobenzene
I enaohthene

trotoluene

200
200
200
200
200
100
100
100
100
100
100

so-di-n-propylamine
_nlorobenzene

DC51

154
104
153
132

92.8
74.8
62 .6
71.2

100
72.2
62.3

Measured
DCS2

172
118
171
156
106

77.4
67.1
75.5

109
76.9
63.8

Accuracy
Average(%)

AVG DCS Limits

163
111
162
147

99.4
76. i
64.9
733

105
74.5
63.0

81
55
81
73
so
76

73
105
7,5

9-103
12- 89
27-123
23- 97
10- 80
39- 98
46-118
24- 96
26-127
41-116
36- 97

Calculations are perfor- o he'e roning to aft

Prec isi
(RPD)

DCS Liz

11
12
11
12
13

3.4
7.0
5.9
8.4
6.3
2.5

nr calculated resultsto avoid round-off errors



-.Enseco
!GLE CONTROL SAMPLE REPORT
mivolatile Organics by GCCMS

:analyte
Concentration
Spiked Measured

Category: 625-A
Matrix- AQUEOUS
QC Lot: 11 DEC 89-FA
Concentration Units:

Phenol-d5
2-Fluorophenol
2,4,6-Tribromophenol
Nitrobenzene-d5
2-Fluorobiphenyl
Terphenyl-d14

QC Run:
ug/L

Accuracy(%)
SCS Limits

12 DEC 89-Fl5

200
200
200
100
100
100

118
148
218

89.6
86.1
89.4

59
74

109
90
86
89

ialculations are performec before rounding to avoo round-off errors in calculated results.

10- 94
21-100
10-123
35-114
43-116
33-141



Ensea
* 'KETHOD BLANK REPORT
Semivolatile Organics by CC/MS

Reporting
Analyte Result Units Limit

Test: 8270-TCL-A
Matrix: AQUEOUS
QC Lot: 11 DEC 89-FA QC Run: 12 DEC 89-FI5

Phenol ND ug/L 10
bis(2-Chloroethyl)ether ND ug/L 10
2-Chlorophenol ND ug/L 10
1,3-Dich orobenzene ND ug/L 10
1,4-Dichlorobenzene ND ug/L 10
Benzyl alcohol ND ug/L 10
1,2-Dichlorobenzene ND ug/L 10
2-Methyl phenol ND ug/L 10
bis(2-Chloroisopropyl)ether ND ug/L 10
a-Methyl phenol ND uL 
N-Nitroso-di-n-propylamine ND uo/L 10
Hexachloroethane ND ug/L 10
Nitrobenzene ND ug/L 10
Isophorone ND ug/L 10
2-Nitrophenol ND ug/L 10
2,4-Dimethylphenol ND ug/L 10
Benzoic acid ND ug/L 50
bis(2-Chloroethoxy)metnar ND ug/L 10
2,4-Dichlorophenol ND ug/L 10
1,2,4-Trichlorobenzene ND ug/L 10
Naphthalene ND ug/L 10
4-Chloroaniline ND ug/L 10
Hexachlorobutadiene ND ug/L 10
4-Chloro-3-methylphenoi ND ug/L 10
2-Methylnaphthalene ND ug/L 10
Hexachlorocyclopentadiene ND ug/L 10
2,4,6-Trich orophenol ND ug/L 10
2,4,5-Trichlorophenol ND ug/L 50
2-Chloronap hthalene ND ug/L 10
2-Nitroaniline ND ug/L 50
Dimethyl phthalate ND ug/L 10
Acenaphthylene ND ug/L 10
3-Nitroaniline NO ug/L 50
Acenaphthene ND ug/L !0
2,4-Dinitrophenol ND ug/L 50
4-Nitrophenol ND ug/L 50
Dibenzofuran ND ug/L 10
2,4-Dinitrotoluene ND ug/L 10
2,6-Dinitrotoluene ND ug/L 10
Diethyl phthalate ND ug/L 10
4-Chlorophenyl phenyl ether ND ug/L 10



Enseco
THOD BLANK REPORT
mivolatile Organics by GC/MS (cnt.)

Reporting
nalyte Result Units Limit

Test: 8270-TCL-A
Matrix: AQUEOUS
QC Lot: 11 DEC 89-FA QC Run: 12 DEC 89-FI5

Fluorene ND ug/L 10
4-Nitroaniline ND ug/L 50
4,6-Dinitro-2-methylphenol ND ug/L 50
N-Nitrosodipheny lamine ND ug/L 10
4-Bromophenyl phenyl ether ND ug/L 10
Hexachlorobenzene ND ug/L 10
Pentachlorophenol ND ug/L 50
Phenanthrene ND ug/L 10
Anthracene ND ug/L 10
Di-n-butyl phthalate ND ug/L 10
Fluoranthene ND ug/L 10
Pyrene ND ug/L 10
Butyl benzyl phthalate ND ug/L 10
3,3'-Dichlorobenzidine ND ug/L 20
Benzo(a)anthracene ND ug/L 10
bis(2-Ethylhexyl)phthaiate ND ug/L 10
Chrysene ND ug/L 10
Di-n-octyl phthalate ND ug/L 10
Benzo b fluoranthene ND ug/L 10
Benzo k fluoranthene ND ug/L 10
Benzo a pyrene ND ug/L 10
Indeno(1,2,3-c,d)pyrenm ND ug/L 10
Dibenz(a,h)anthracene ND ug/L 10
Benzo(g,h,i)perylene ND ug/L 10



Minseco
HYDROCARBON FINGERPRINTING

Modified ASTM Method 03328

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino
Erco Blank
12 DEC 89-Fl
Aqueous
NA

Parameter

& Associates, Inc.

Sampled: NA
Prepared: 12 DEC 89

Resul t

Total Petroleum Hydrocarbon

Individual Hydrocarbon
Total Product

ND

NA
NA

94o-Terphenyl

Received:
Analyzed:

Units

mg/L (ppm)

mg/L (ppm)
mg/L (ppm)

NA
13 DEC 89

Reporting
Limit

See below

0.01
0.50

NA

Qualitative Identification: NA

Minimum reporting limit for individual hydrocarbons - 0.01 mg/L (ppm).
Minimum reporting limit for total products = 0.50 mg/L (ppm).

N.D. = Not Detected
N.A. = Not Applicable

Approved By: Robert LizotteReported by: Andrew Cram



SEnsecc
AC ClIA4OHYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Quality Control

Client Name: Goldberg-Zoino & Associates, Inc.
Client ID: Laboratory Control Spike Duplicate
Lab ID: 06 DEC 89-FAD
Matrix: Aqueous Sampled: NA
Authorized: NA Prepared: 06 DEC 89

Parameter

ortho-Terphenyl
Fuel Oil No. 2

Percent
Recovery

87
122

N.A. = Not Applicable

Reported by: Andrew Cram

Received: NA
Analyzed: 12 DEC 89

QC Advisory
Limits

60-120%
60-120%

Approved By: Robert Lizotte



HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Quality Control

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
Laboratory Control Spike
06 DEC 89-FA
Aqueous Sampled: NA
NA Prepared: 06 DEC 89

Received: NA
Analyzed: 12 DEC 89

Percent
RecoveryParameter

ortho-Terphenyl
Fuel Oil No. 2

93
114

N.A. = Not Applicable

Reported by: Andrew Cram

QC Advisory
Limits

60-120%
60-120%

Approved By: Robert Lizotte

,',Enscc



Ens'eu
QC LOT ASSIGNMENT REPORT
Metals Analysis and Preparation

Laboratory
Sample Number

004872-0001-SA
004872-0001-SA
004872-0001-SA
004872-0001-SA
004872-0001-SA
004872-0001-SA
004872-0002-SA
004872-0002-SA
004872-0002-SA
004872-0002-SA
004872-0002-SA
004872-0002-SA
004872-0003-SA

QC Matrix

AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS

QC Category

ICP-AT
FAA1-AT
FAA1-AT
HG-CVAA-AT
FAA1-AT
FAA1-AT
ICP-AT
FAAI-AT
FAAI-AT
HG-CVAA-AT
FAAI-AT
FAA1-AT
ICP-AD

QC Lot Number
(DCS)

12
12
12
12
12
12
12
12
12
12
12
12
12

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC

89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-529

QC Run Number
(SCS/BLANK)

12
12
12
12
12
12
12
12
12
12
12
12
12

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC

89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-528
89-529



AEnsecc
DUPLICATE CONTROL SAMPLE REPORT
Metals Analysis and Preparation

Concentration Accuracy Precisi
Analyte Spiked Measured Average(%) (RPD)

DCS1 DCS2 AVG DCS Limits DCS Lim

Category: ICP-AT
Matrix: AQUEOUS
QC Lot: 12 DEC 89-528
Concentration Units: mg/L

Aluminum 2.0 NA NA NC NC 80-120 NC
Antimony 0.5 0.56 0.55 0.56 111 80-120 2.7
Arsenic 0.5 NA NA NC NC 80-120 NC
Barium 2.0 NA NA NC NC 80-120 NC
Beryllium 0.05 0.053 0.053 0.053 107 80-120 0.0
Cadmium 0.05 0.049 0.049 0.049 98 80-120 0.6
Calcium 100 NA NA NC NC 80-120 NC
Chromium 0.2 0.22 0.22 0.22 108 80-120 0.7
Cobalt 0.5 NA NA NC NC 80-120 NC
Copper 0.25 0.27 0.27 0.27 107 80-120 1.0
Iron 1.0 NA NA NC NC 80-120 NC
Lead 0.5 0.53 0.52 0.53 105 80-120 0.9
Magnesium 50 NA NA NC NC 80-120 NC
Manganese 0.5 NA NA NC NC 80-120 NC
Nickel 0.5 0.51 0.53 0.52 104 80-120 3.9
Potassium so NA NA NC NC 80-120 NC
Silver 0.05 0.051 0.051 0.051 102 80-120 1.2
Sodium 100 NA NA NC NC 80-120 NC
Tin 0.4 NA NA NC NC 80-120 NC
Vanadium 0.5 NA NA NC NC 80-120 NC
Zinc 0.5 0.53 0.53 0.53 106 80-120 0.2

Category: FAA1-AT
Matrix: AQUEOUS
QC Lot: 12 DEC 89-528
Concentration Units: mg/L

Arsenic 0.04 0.042 0.041 0.042 104 80-120 2.4
Lead 0.02 0.021 0.022 0.022 108 80-120 4.7
Selenium 0.01 0.011 0.012 0.012 115 80-120 8.7 2
Thallium 0.05 ND ND NC NC 80-120 NC

ND = Not detected
NC = Not calculated, calculation not applicable.
NA = Not applicable

Calculations are performed before rounding to avoid round-off errors in calculated results.



-E.Ensece

DUPLICATE CONTROL SAMPLE REPORT
Metals Analysis and Preparation (cont.)

Concentration Accuracy Precisi
Analyte Spiked Measured Average(%) (RPD)

DCSI DCS2 AVG DCS Limits DCS Liu

Category: HG-CVAA-AT
Matrix: AQUEOUS
QC Lot: 12 DEC 89-528
Concentration Units: mg/L

Mercury 0.001 0.0010 0.0010 0.0010 102 80-120 4.7

Category: !CP-AD
Matrix: AQUEOUS
QC Lot: 12 DEC 89-529
Concentration Units: mg/L

Aluminum 2.0 2.10 2.07 2.08 104 80-120 1.6
Antimony 0.5 0.54 0.52 0.53 106 80-120 3.1
Arsenic 0.5 0.52 0.52 0.52 104 80-120 0.5
Barium 2.0 2.04 2.00 2.02 101 80-120 1.9
Beryllium 0.05 0.052 0.051 0.051 102 80-120 1.6
Cadmium 0.05 0.048 0.048 0.048 97 80-120 1.0
Calcium 100 106 104 105 105 80-120 1.6
Chromium 0.2 0.21 0.21 0.21 105 80-120 0.8W
Cobalt 0.5 0.50 0.49 0.50 99 80-120 1.5
Copper 0.25 0.26 0.25 0.25 102 80-120 1.1
Iron 1.0 1.02 1.01 1.02 102 80-120 1.7
Lead 0.5 0.52 0.52 0.52 104 80-120 1.3
Magnesium 50 48.3 47.5 47.9 96 80-120 1.8
Manganese 0.5 0.49 0.49 0.49 98 80-120 1.6
Nickel 0.5 0.49 0.49 0.49 98 80-120 0.6
Potassium 50 45.7 45.4 45.6 91 80-120 0.7
Silver 0.05 0.052 0.052 0.052 104 80-120 0.0
Sodium 100 111 109 110 110 80-120 1.8
Tin 0.4 0.46 0.52 0.49 123 80-120 13
Vanadium 0.5 0.49 0.48 0.49 97 80-120 3.2
Zinc 0.5 0.51 0.49 0.50 100 80-120 5.0

Calculations are performed before rounding to avoid round-off errors in calculated results.



Ensecc
METHOD BLANK REPORT
Metals Analysis and Preparation

Analyte Result Units
Reporting

Limit

Test:
Matrix:
QC Lot:

ICP-PP-AT
AQUEOUS
12 DEC 89-528 QC Run:

Antimony
Beryllium
Cadmium
Chromium
Copper
Nickel
Silver
Zinc

12 DEC 89-528

ND
ND
ND
ND
ND
ND
ND

0.02

Test: AS-FAA-PP-
Matrix: AQUEOUS
QC Lot: 12 DEC 89-523 QC Run:

Arsenic

12 DEC 89-528

PB-FAA-PP-
AQUEOUS
12 DEC 89-528 QC Run: 12 DEC 89-528

ND

HG-CVAA-PP
AQUEOUS
12 DEC 89-528 QC Run: 12 DEC 89-528

ND

Test: SE-FAA-PP-
Matrix: AQUEOUS
QC Lot: 12 DEC 89-528 QC Run: 12 DEC 89-528

ND mg/L 

mg/L
mg/L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L

0.05
0.002
0.005
0.01
0.01
0.04
0.01
0.01

ND mg/ L

Test:
Matrix:
QC Lot:

Lead

Test:
Matrix:
QC Lot:

Mercury

0.005

mg/ L

mg/ L

0.005

0.0002

Selenium 0.005



i. E nseco
METHOD BLANK REPORT
Metals Analysis and Preparation (cont.)

Reporting
Analyte Result Units Limit

Test: TL-FAA-PP-
Matrix: AQUEOUS
QC Lot: 12 DEC 89-528 QC Run: 12 DEC 89-528

Thallium NA mg/L 0.005

Test: ICP-MISC-A
Matrix: AQUEOUS
QC Lot: 12 DEC 89-529 QC Run: :2 DEC 89-529

Iron ND mg/L 0.1
Manganese ND mg/L 0.01



%Enseco

5C LOT ASSIGNMENT REPORT
Non-Metals

Laboratory
Sample Number

004872-0001-SA
004872-0002-SA

QC Matrix

AQUECUS
AQUECUS

QC Category

CN-T
CN-T

QC Lot Number
(OCS)

12 DEC 89-118
12 DEC 39-118

QC Run Number
(SCS/BLANK)

12 DEC 89-118
12 DEC 89-118



:EflSeCO

DUPLICATE CONTROL SAMPLE REPORT
on-Metals

Spike
Concentration
d1

DCS1
Measured

DCS2

Accuracy
Average(%)

AVG DCS Limits

Category: CN-T
Matrix: AQUEOUS
OC Lot: 12 DEC 89-118
Concentration Units: mg/L

Cyanide, Total 0.25 0.23 0.24 0.23 92 80-120 3.7

Calculations are performed before rounding to avoid round-off errors in calculated results

-naIyte
Precisi

(RPD)
DCS Lim



tEnsecc

METHOD BLANK REPORT
Non-Metals

Reporting
Analyte Result Units Limit

Test: CN-AT
Matrix: AQUEOUS
QC Lot: 12 DEC 89-118 QC Run: 12 DEC 89-118

Cyanide, Total ND mg/L 0.01
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Enseco

ANALYTICAL RESULTS

The method number provided on each data report sheet refers to a
publication originating from a regulatory or standard-setting organization.
In general, the methods employed are those specified by the U.S. Environmental
Protection Agency and other state and federal agencies. In cases where an
approved regulatory method does not exist, a method developed by Enseco will
be employed to meet the specific needs of the client. The methods commonly
employed by Enseco are based on methods from the following references.

U.S. Environmental Protection Agency. 1983. Methods for chemical analysis
of water and wastes. EPA-600/4-79-020. Cincinnati, OH, March.

U.S. Environmental Protection Agency. 1984.
solid waste, physical/chemical methods.
April.

U.S. Environmental Protection Agency. 1986.
organic compounds in finished drinking
Cincinnati, OH, March.

Test methods for evaluating
(SW-846); Washington, D.C.

Methods for determination of
water and raw source water.

"Guidelines Establishing Test Procedures for the Analysis of Pollutants Under
the Clean Water Act," 40 CFR, Part 136; Federal Register, Vol. 49,
No. 209.

American Public Health Association, American Water Works
Pollution Control Federation. 1985. Standard
examination of water and wastewater, 16th edition.
April.

Association, Water
methods for the
Washington, D.C.,

Current EPA Contract Laboratory Program (CLP) protocols for the analysis of
organic and inorganic hazardous substances including chlorinated dioxins and
furans.



Ensece

SAMPLE DESCRIPTION INFORMATION
for

Goldberg-Zoino & Associates, Inc.

Lab ID Client ID

004872-0001-SA
004872-0002-SA
004872-0003-SA
004872-0004-SA
004872-0005-SA

TANK F CONTAINMENT
TANK F CONTENTS
GZA-107M
PZ-75
STODDARD

Matrix

AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
WASTE

Sampled
Date Tie

07
07
07
07
07

DEC
DEC
DEC
DEC
DEC

89
89
89
89
89

Received
Date

08
08
08
08
08

DEC
DEC
DEC
DEC
DEC

89
89
89
89
89



lsec'o
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Client Name: Goldberg-Zoino & Associates, Inc.
Client ID: PZ-75
Lab ID: 4872-04
Matrix: Aqueous Sampled: 07 DEC 89
Authorized: 08 DEC 89 Prepared: 12 DEC 89

Resul t

Total Petroleum Hydrocarbon

Individual Hydrocarbon
Total Product

o-Terphenyl

50

NA
NA

Diluted out

Received: 08 DEC 89
Analyzed: 15 DEC 89

Units

mg/L (ppm)

mg/L (ppm)
mg/L (ppm)

Reporting
Limit

See below

0.08
4.0

NA

Qualitative Identification: This sample has GC/FID characteristics that are similar
to a mixture of gasoline and kerosene. "Stoddard fuel" was not present in this
sample when compared to the standard sent by the client.

Minimum reporting limit for individual hydrocarbons = 0.01 mg/L (ppm).
Minimum reporting limit for total products = 0.50 mg/L (ppm).

N.D. = Not Detected
N.A. = Not Applicable

Parameter

Reported by: Andrew Cram Approved By: Robert Lizotte



iEnseco
HYDROCARBON FINGERPRINTING

Modified ASTM Method D3328

Client Name: Goldberg-Zoino
Client ID: Stoddara
Lab ID: 4872-05
Matrix: Oil
Authorized: 08 DEC 89

Parameter

Total Petroleum Hydrocarbon

Individual Hydrocarbon
Total Product

& Associates, Inc.

Sampled: 07 DEC
Prepared: 12 DEC

Resul t

620,000

NA
NA

89
89

Received: 08 DEC 89
Analyzed: 14 DEC 89

Units

pg/g (oil)

pg/g (oil)
pg/g (oil)

Reporting
Limit

See below

990
39,000

o-Terphenyl Diluted out

Qualitative Identification:
to Stoddard fuel.

NA

This sample has GC/FID characteristics that are similar

All results and limits are reported on a dry weight basis.

Minimum reporting limit for individual hydrocarbons = 0.25 pg/g (oil).
Minimum reporting limit for total products = 10.0 pg/g (oil).

N.D. = Not Detected
N.A. = Not Applicable

Approved By: Robert LizotteReported by: Andrew Cram



- Enseco
METALS

(DISSOLVED)

Client Name:
Client ID:
Lab ID:
Matrix:
Authorized:

Goldberg-Zoino & Associates, Inc.
GZA-107M
004872-0003-SA Enseco ID: 2034014
AQUEOUS Sampled: 07 DEC 89
08 DEC 89 Prepared: See Below

Received: 08 DEC 89
Analyzed: See Below

Reporting Analytical
Result Units Limit Method

0.1 mg/L
2.4 mg/L

0.1 200.7
0.01 200.7

Prepared Analyzed
Date Date

NA
NA

12 DEC 89
12 DEC 89

N:D. = Not Detected
N.A. = Not Applicable

* Reported By: Vinora Nicholls Approved By: Vaughn Pusey

Parameter

Iron
Manganese



APPENDIX I

GZA SOIL SIEVE ANALYSIS RESULTS
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APPENDIX J

SUMMARY OF RISK CHARACTERIZATION ASSUMPTIONS AND CALCULATIONS
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Table J.1 (continued)

The diffusion of volatile organic compounds (VOCs) from the
underlying soil to the ambient air can be described by a three step
process;

1. Mass transfer of the pollutant from the soil into the air
filled pores spaces in the soil.

2. Mass transfer through the soil via the pore spaces.

3. Mass transfer from the pore spaces to the ambient air.

Once the volatile material has migrated to the surface and is
released to the ambient air, it can pose an inhalation risk. To
quantify this exposure pathway, several models were used.

An emission source model (Thibodeaux, 1979) was used to determine
emission rates, or source terms, for the compounds found in the
soils. The equation describing the emission rate is based on mass
transfer coefficients, through both soil and air, for each
compound. Site specific variables incorporated into the model
include: soil porosity, soil type, temperature, moisture content
and the area of contamination.

GZA used actual site sampling data inputs to the models wherever
possible. Instead of estimating the soil gas concentrations via
mathematical modeling, GZA soil gas sampling results were
incorporated into the appropriate model equations. This provided
a more realistic estimate of the emission rate at the site.

Emission source calculations are summarized as follows;

Q = (A,) (k)- (C) Overall Emission Equation

Where: Q = Source emission rate (mg/hr)
AC = Contaminated area (m2)
k = Overall mass transfer coefficient (m/hr)
C= Soil gas concentration of contaminant (mg/m

k = (1/ks + 1/ka) 1

Where: ks = Mass transfer coefficient through soil (m/hr)
k = Mass transfer coefficient through air (m/hr)

ka = 0.0292 (U 0 7 8 ) (DP~ 0 -11 ) (Sc-O.67)

Where: U = Average windspeed at site (m/hr)
D= Diameter of waste boundary (m)
S= Schmidt gas number

For waste below grade, moving through dry soil:

k, = D, / h



Table J.1 (continued)

Where: De = Effective diffusion coefficient (m2/hr)
h = Contamination depth at time = t (m)

De = Do-(6 - Et)

Where: D= Air diffusion coefficient (m2/hr)
6 = Soil type constant (0.8 - 1.0)
Et =Total porosity (unitless)
p= Soil constant (unitless)

h = (2 (H/RT) -D, t)

Where: H = Henry's constant (atmn-m3/mol) D, & T defined above
R = Gas constant (atm-m3/mol - k)
t = Time waste has been buried (hrs)

Variables not calculated were obtained from literature sources as
follows:

Value Reference

Annual windspeed (U)= 5.6 m/s 1 (Appendix B)
Schmidt gas number (S,) 1 (Appendix I)
Soil type constant (6) = 0.9 1
Total porosity (Et) = 0.39 1 (Appendix E)
Soil Constant (p) = 1.4 1 (Exhibit 1.1.1-2)
Air diffusion coefficient (D0 ) 2 (Appendix D)
Henrys law coefficient (H) 2 (Appendix D)

The calculated VOC emission rates were used in air dispersion
models to derive on-site air concentrations of the VOC compounds
for use in evaluation of the inhalation exposure pathways. The
Near Field Box model (Pasquill, 1975; Horst, 1979), which is
accurate for short, down-wind distances (less than 100 meters),
used a site dispersion factor to calculate on-site air
concentrations. The site dispersion factor incorporated
information about site dimensions and meteorological data. On-
site air concentrations were calculated by dividing compound
emission rates by this site dispersion factor. Resultant
concentrations were used to represent the exposure point
concentrations for evaluation of the on-site inhalation pathway.

REFERENCES

1. "Management of Manufactured Gas Plant Sites - Volume III Risk
Assessment Appendices", Gas Research Institute, Chicago
Illinois, January, 1988.

2. "Hazardous Waste Treatment, Storage, and Disposal Facilities
(TSDF)- Air Emission Models", US EPA, Research Triangle Park,

North Carolina, December 1987.



TABLE J.1 (continued)

AIR DISPERSION MODELING FOR
FORMER UNDERGROUND TANK FARM AND FORMER TANK K AREAS

NEAR FIELD BOX MODEL

This model is used to estimate air concentrations of compounds
based on emission rates, dimensions of the site (box) and average
wind speeds at the site. The model is accurate at short downwind
distances (i.e., less than 100 meters) and is appropriate for
estimation of on-site exposures. .

Ca = Q10 / (Hb) (Wb) (um)

Ca = average conc. of compounds in ambient air in area (mg/m3 )

Q10 = emission rate of compounds (mg/s)

Hb = downwind height of box, determined from Wb and model
constraints (m)
Hb = 3.3 m

Wb = width of box (m)
Wb = 50 m Former Tank K Area - Paved
Wb = 18 m Former Tank K Area - Unpaved
Wb = 15 m Former Underground Tank Farm

um = average wind speed through the box (m/s)
um = 0.22 (ul0) ln(2.5 Hb)

ul0 = wind speed at 10 m; annual mean (m/s)
ul0 = 5.6 m/s

um = 2.6 m/s

Ca = Q10 (mg/s) / 429 (m'/s) Former Tank K Area - Paved
Ca = Q10 (mg/s) / 154 (m3 /s) Former Tank K Area - Unpaved
Ca = Ql0 (mg/s) / 129 (m3/s) Former Underground Tank Farm

REFERENCES:

1. Horst, T.W., 1979. "Lagrangian Similarity Modeling of Verticle
Diffusion from a Ground Level Source, " Int. Applied Met.,
18:733-740.

2. Pasquill, F., 1975. "The Dispersion of Material in the
Atmospheric Boundary Layer - the Basis for Generalization." In:
Lectures on Air Pollution and Environmental Impact Analysis.
American Meterological Society, Boston, Massachusetts.



TABLE J.1 (continued)

AIR DISPERSION MODELING
FORMER UNDERGROUND TANK FARM AND FORMER TANK K AREAS

COMPOUND COMPOUND DISPERSION AVERAGE. -7
EMISSION FACTOR -AfAc
RATE CONC.

(mg/s) (m3/s) (mg/m 3 )

FORMER UNDERGROUND
TANK FARM AREA

BENZENE 9.2E-06 1.3E+02 7.1E-08
TOLUENE 8.6E-06 1.3E+02 6.7E-08
XYLENES (TOTAL) 1.2E-04 1.3E+02 9.3E-07

TETRACHLOROETHENE 9.4E-05 1.3E+02 7.3E-07
TRICHLOROETHENE 2.3E-05 1.3E+02 1.8E-07
VINYL CHLORIDE 7.7E-06 1.3E+02 6.OE-08

FORMER TANK K AREA
UNPAVED AREA

BENZENE 3.1E-02 1.5E+02 2.OE-04
TOLUENE 3.1E-02 1.5E+02 2.OE-04
ETHYLBENZENE 6.6E-04 1.5E+02 4.3E-06
XYLENES (TOTAL) 1.OE-02 1.5E+02 6.5E-05

FORMER TANK K AREA
PAVED AREA

BENZENE 6.7E-01 4.3E+02 1.6E-03
TOLUENE 2.9E-01 4.3E+02 6.8E-04
ETHYLBENZENE 2.8E-02 4.3E+02 6.5E-05
XYLENES (TOTAL) 1.9E-01 4.3E+02 4.4E-04



TABLE J.2

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION

FORMER TANK K SOURCE AREA

VARIABLE EXPOSURE ASSUMPTIONS AND REFERENCES

CURRENT USE ,FUTURE USE NOTES

GENERAL:

Person

Age

Average Body Weight

Duration of Exposure
Years
Days
Hours

Lifetime Averaging Factor
for Carcinogenic Risk

INHALATION:

Absorption Factor

-Air Inhaled per Hour

CONCENTRATION OF OHM:

Adult Worker

18-65 years

70 kg

20 ygars
250 days/year
0.5 hours/day

70 years

1.0

2.1 ma

Mamg/m3

Adult Worker

18-65 years

70 kg

1 year
20 .days/year

riiours/day;

4 AdPlyear/
70 years

1.0

2.1 M
3

(MEAN/m
3

y

'S

4

1%

T -



TABLE J.2 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION

FORMER TANK K SOURCE AREA

CURRENT USE: Adult Worker

NONCARCINOGENIC SUBCHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m) xl/bodyweight (kg) x hours/day
x ,air inhaled (m3 /hour) x absorption factor

mg/kg/day concentration (mg/m3 ) x 1.5E-02 m3 /kg/day

NONCARCINOGENIC CHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m3) x 1/bodyweight (kg)
x hours/day x days/year x 1 year/365 days
x air inhaled (mn/hour) x absorption factor

mg/kg/day = concentration (mg/m3 ) x 1.OE-02 m3/kg/day

CARCINOGENIC EXPOSURE FACTOR:

mg/kg/day = vconcentration (mg/m3 ) xvl/bodyweight (kg) xvhours/day
x days/year x A year/365 days xv vg factor -(years/years)
x >ir inhaled (m'/hour) x.4bsorption factor

mg/kg/day = concentration (mg/m3 ) x 2.9E-03 m3 /kg/day

6rL >& Z cZAA-

61-0Ltt

ThAz,. lk r



TABLE J.2 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION

FORMER TANK K SOURCE AREA

FUTURE USE: Adult Worker

NONCARCINOGENIC SUBCHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m3 ) x 1/bodyweight (kg) x hours/day
x air inhaled (m3 /hour) x absorption factor

mg/kg/day = concentration (mg/m3l) x 1.2E-01 m 3/kg/day

NONCARCINOGENIC CHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m3 ) x 1/bodyweight (kg)
x hours/day x days/year x 1 year/365 days
x air inhaled (m/hour) x absorption factor

mg/kg/day = concentration (mg/m3) x 6.6E-03 m/kg/day

CARCINOGENIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m3l) x 1/bodyweight (kg) x hours/day
x days/year x 1 year/365 days x avg factor (years/years)
x air inhaled (ms/hour) x absorption factor

mg/kg/day = concentration (mg/m3n) x 9.4E-05 M3/kg/day
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TABLE J.2 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION

FORMER TANK K SOURCE AREA

NOTES:

1. Adults, 18-65 years of age, were used to represent the potential
occupational receptor populations.

2. Average body weight of the receptor populations based on:
Anderson, E., et al. Development of Statistical Distributions or
Ranges of Standard Factors Used in Exposure Assessment. U.S. EPA
Office of Health and Environmental Assessment, Washington, D.C.,
EPA 600/8-85/010. August 1985. Tables 2-1 and 2-2.

3. The duration of exposure was conservatively based on the nature of
current site activities, and potential future repairs to existing
underground utility lines.

4. The lifetime averaging factor for carcinogenic risk for current
use was based on 20 years of exposure over a 70 year lifetime. The
lifetime averaging factor for carcinogenic risk for future use was
based on 1 year of exposure over a 70 year lifetime.

5. Absorption asssumed to be 100 percent.

6. The amount of air inhaled per hour during moderate activity
obtained from: U.S. EPA, Exposure Factors Handbook. Office of
Health and Environmental Assessment, Exposure Assessment Group.
July, 1989. Table 3-1.

7. Geometric Mean concentrations of the OHM detected in soil gas were
used together with air emission rate and air dispersion models to
estimate air concentrations to represent the exposure point
concentrations.



TABLE J.3

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION

FORMER UNDERGROUND TANK FARM SOURCE AREA

VARIABLE EXPOSURE ASSUMPTIONS AND REFERENCES

CURRENT USE [AV NOTES

GENERAL:

Person Adult Worker

Age 18-65 years 1

Average Body Weight 70 kg 2

Duration of Exposure
Years 20 years 3
Days 250 days/year
Hours 2 hours/day t(

Lifetime Averaging Factor 20 4ars/
for Carcinogenic Risk LAI71 0-years

INHALATION:

Absorption Factor 1.0 5

Air Inhaled per Hour 2.1 m3  6

CONCENTRATION OF OHM: MEAN mg/ 7

.7
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TABLE J.3 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION

FORMER UNDERGROUND TANK FARM SOURCE AREA

CURRENT USE: Adult Worker

NONCARCINOGENIC SUBCHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m3) x 1/bodyweight (kg) x hours/day P
x air inhaled (m3 /hour) x absorption factor

mg/kg/day = concentration (mg/m3) x 6.OE-02 m3/kg/day

NONCARCINOGENIC CHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m3) x 1/bodyweight (kg) P
x hours/day x days/year x 1 year/365 days
x air inhaled (m3/hour) x absorption factor

mg/kg/day = concentration (mg/m3 ) x 4.1E-02 m3/kg/day

CARCINOGENIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/m3 ) x 1/bodyweight (kg) x hours/day
x days/year x 1 year/365 days x avg factor (years/years)
x air inhaled (m3 /hour) x absorption factor

mg/kg/day = concentration (mg/m3) x 1.2E-02 m 3/kg/day

(YLO0
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TABLE J.3 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION

FORMER UNDERGROUND TANK FARM SOURCE AREA

NOTES:

1. Adults, 18-65 years of age, were used to represent the potential
occupational receptor population.

2. Average body weight of the receptor populations based on:
Anderson, E., et al. Development of Statistical Distributions or
Ranges of Standard Factors Used in Exposure Assessment. U.S. EPA
Office of Health and Environmental Assessment, Washington, D.C.,
EPA 600/8-85/010. August 1985. Tables 2-1 and 2-2.

3. The duration of exposure was conservatively based on the nature of
current site activities.

4. The lifetime averaging factor for carcinogenic risk was based on
20 years of exposure over a 70 year lifetime.

5. Absorption asssumed to be 100 percent.

6. The amount of air inhaled per hour during moderate activity
obtained from: U.S. EPA, Exposure Factors Handbook. Office of
Health and Environmental Assessment, Exposure Assessment Group.
July, 1989. Table 3-1.

7. Geometric Mean concentrations of the OHM detected in soil gas were

used together with air emission rate and air dispersion models to
calculate air concentrations to represent exposure point
concentrations.



TABLE J.4

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO GROUNDWATER

FORMER UNDERGROUND TANK FARM AND FORMER TANK K SOURCE AREAS

VARIABLE EXPOSURE ASSUMPTIONS AND REFERENCES

FUTURE USE NOTES

GENERAL:

Person Adult Worker

Age 18-65 years 1

Average Body Weight 70 kg 2

Duration of Exposure
Years 1 year 3
Days 20 days/year :
Hours 4 hours/day

Lifetime Averaging Factor 1 year/ 4
for Carcinogenic Risk 70 years

DERMAL ABSORPTION:

Absorption Factor 1.0 5

Total Skin Area §18000 cm2 .. /.'tfI 6

Fraction of Skin Exposed sYA#' 0.20 6

-Skin Permeability Rate 0.001 1/cm 2 -hour 7

CONCENTRATION OF OHM: MEAN mg/l 8

tino A2I
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TABLE J.4 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO GROUNDWATER

FORMER UNDERGROUND TANK FARM AND FORMER TANK K SOURCE AREAS

FUTURE USE: Adult Worker

NONCARCINOGENIC SUBCHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/1) x 1/bodyweight (kg) x hours/day
x skin area (cm2 ) x fraction exposed
x permeability rate (1/cm2 -hour) x absorption factor

mg/kg/day = concentration (mg/i) x 2.1E-01 1/kg/day

NONCARCINOGENIC CHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/1) x 1/bodyweight (kg) x hours/day
x days/year x 1 year/365 days x skin area (cm2 )
x fraction exposed x permeability rate (1/cm2 -hour)
x absorption factor

mg/kg/day = concentration (mg/1) x 1.1E-02 1/kg/day

CARCINOGENIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/1) x ,i/bodyweight (kg) x-h'ours/day
xedays/year x-1year/365 days x-avg factor (years/years)
xuskin area (cm2 ) x-fraction exposed
x_ermeability rate (i/cm 2 -hour) x-absorption factor

mg/kg/day = concentration (mg/i) x 1.6E-04 1/kg/day

64)



TABLE J.4 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO GROUNDWATER

FORMER UNDERGROUND TANK FARM AND FORMER TANK K SOURCE AREAS

NOTES:

1. Adults, 18-65 years of age, were used to represent the potential
occupational receptor population.

2. Average body weight of the receptor population based on:
Anderson, E., et al. Development of Statistical Distributions or
Ranges of Standard Factors Used in Exposure Assessment. U.S. EPA
Office of Health and Environmental Assessment, Washington, D.C.,
EPA 600/8-85/010. August 1985. Tables 2-1 and 2-2.

3. The duration of exposure was conservatively based on potential
future repairs to existing underground utility lines.

4. The lifetime averaging factor for carcinogenic risk was based on 1
year of exposure over a 70 year lifetime.

5. Absorption assumed to be 100 percent.

6. Total skin area and fraction of skin exposed (covered with water)
based on: Anderson, E., et al. Development of Statistical
Distributions or Ranges of Standard Factors Used in Exposure
Assessment. U.S. EPA Office of Health and Environmental
Assessment, Washington, D.C., EPA 600/8-85/010. August 1985.
Tables 3-6, 3-7 and 3-9.

7. Skin permeability rate based on: Brown, H., et al. "The Role of
Skin Absorption as a Route of Exposure for Volatile Organic
Compounds (VOCs) in Drinking Water." American Journal of Public
Health, 74:5, 479-484. 1984.

. Mometric Mean concentrations of the OHM detected in groundwater
were calculated to represent exposure point concentrations.



TABLE J.5

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO SOILS

FORMER TANK F SOURCE AREA

VARIABLE EXPOSURE ASSUMPTIONS AND REFERENCES

FUTURE USE NOTES

GENERAL:

Person Adult Worker

Age 18-65 years 1

Average Body Weight 70 kg 2

Duration of Exposure
Years 1 year 3
Days 20 days/year

Lifetime Averaging Factor 1 year/ 4
for Carcinogenic Risk 70 years

DERMAL ABSORPTION:

Absorption Factor o 5
vocs
Inorganics 0.01'-/

Total Skin Area 18000 cm4 6

Fraction of Skin Covered 0.20 6

Amount of Soil on Skin 0.5 mg/cm 2 -day 7

CONCENTRATION OF OHM: MEAN mg/kg 8



TABLE J.5 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO SOILS

FORMER TANK F SOURCE AREA

FUTURE USE: Adult Worker

.NONCARCINOGENIC SUBCHRONIC EXPOSURE FACTORS:
mg/kg/day =concentration (mg/kg) x 1/bodyweight (kg)

x skin area (cm2 ) x fraction covered
x soil on skin (mg/cm2 -day) x 1 kg/1000000 mg
x absorption factor

2mg/kg/day = concentration (mg/kg) x 6.4E-06 kg/kg/day
Inorganics: mg/kg/day = concentration (mg/kg) x 2.6E-07 kg/kg/day

NONCARCINOGENIC CHRONIC EXPOSURE FACTORS:
mg/kg/day = concentration (mg/kg) x 1/bodyweight (kg) x days/year

x 1 year/365 days x skin area (cm2 ) x fraction covered
x soil on skin (mg/cm2 -day) x 1 kg/1000000 mg
x absorption factor

VOCs: mg/kg/day = concentration (mg/kg) x
Inorganics: mg/kg/day = concentration (mg/kg) x

CARCINOGENIC
mg/kg/day =

3.5E-07 kg/kg/day
1.4E-08 kg/kg/day

EXPOSURE FACTORS:
concentration (mg/kg) x 1/bodyweight (kg) x days/year
x 1 year/365 days x averaging factor (years/years)
x skin area (cm2 ) x fraction covered
x soil on skin (mg/cm2 -day) x 1 kg/1000000 mg
x absorption factor

VOCs: mg/kg/day = concentration (mg/kg) x
Inorganics: mg/kg/day = concentration (mg/kg) x

5.OE-09 kg/kg/day
2.OE-10 kg/kg/day

71W ,tAJLd
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TABLE J.5 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO SOILS
FORMER TANK F SOURCE AREA

NOTES:

1. Adults, 18-65 years of age, were used to represent the potential
occupational receptor population.

2. Average body weight of the receptor population based on:
Anderson, E., et al. Development of Statistical Distributions or
Ranges of Standard Factors Used in Exposure Assessment. U.S. EPA
Office of Health and Environmental Assessment, Washington, D.C.,
EPA 600/8-85/010. August 1985. Tables 2-1 and 2-2.

3. The duration of exposure was conservatively based on the nature of
potential future site activities.

4. The lifetime averaging factor for carcinogenic risk was based on 1
year of exposure over a 70 year lifetime.

5. Dermal absorption factors were obtained from: "Guidance for
Disposal Site Risk Characterization and Related Phase II
Activities - in Support of the Massachusetts Contingency Plan."
Massachusetts Department of Environmental Protection, Office of
Research and Standards, May 17, 1989.

6. Total skin area and fraction of skin area exposed (covered with
soil) based on: Anderson, E., et al. Development of Statistical
Distributions or Ranges of Standard Factors Used in Exposure
Assessment. U.S. EPA Office of Health and Environmental
Assessment, Washington, D.C., EPA 600/8-85/010. August 1985.
Tables 3-6, 3-7 and 3-9.

7. Amount of soil covering skin obtained from: "Guidance for
Disposal Site Risk Characterization and Related Phase II
Activities - in Support of the Massachusetts Contingency Plan."
Massachusetts Department of Environmental Protection, Office of
Research and Standards, May 17, 1989.

8. Geometric Mean concentrations of the OHM detected in soils were
calculated to represent exposure point concentrations.



TABLE J.6

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
INHALATION

FORMER TANK K SOURCE AREA

CURRENT USE: Adult Worker
SUBCHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE
(mg/m3l) (m /kg/day) (mg/kg/day) (mg/kg/day)

VOCs

Benzene 2.OE-04 1.5E-02 3.OE-06 3.OE-03 1.OE-03
Ethylbenzene 2.1E-04 1.5E-02 3.2E-06 2.OE-01 1.6E-05
Toluene 4.4E-06 1.5E-02 6.6E-08 6.OE-01 1.1E-07
Xylenes 6.7E-05 1.5E-02 1.OE-06 9.OE-02 1.1E-05

Subtotal: 1.OE-03

CURRENT USE: Adult Worker
CHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE
(mg/m3 ) (m/kg/day)(mg/kg/day)(mg/kg/day)

VOCs

Benzene 2.OE-04 l.OE-02 2.OE-06 3.OE-03 6.7E-04
Ethylbenzene 2.1E-04 1.QE-02 2.1E-06 2.0E-01 1.1E-05
Toluene 4.4E-06 1.OE-02 4.4E-08 6.OE-01 7.3E-08
Xylenes 6.7E-05 1.OE-02 6.7E-07 9.OE-02 7.4E-06

Subtotal: 6.8E-04
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TABLE J.6 (continued)

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
INHALATION

FORMER TANK K SOURCE AREA

CURRENT USE: Adult Worker
CARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE CARCINOGENIC INCREMENTAL
COMPOUND POINT EXPOSURE DAILY POTENCY CANCER

CONC. FACTOR DOSE FACTOR RISK

(mg/M3 ) (m3 /kg/day)(mg/kg/day)(mg/kg/day)-l ESTIMATE

VOCs

Benzene 2.OE-04 2.9E-03 5.8E-07 2.9E-02 1.7E-08
Ethylbenzene 2.1E-04 2.9E-03 6.1E-07 NA NA
Toluene 4.4E-06 2.9E-03 1.3E-08 NA NA
Xylenes 6.7E-05 2.9E-03 1.9E-07 NA NA

Subtotal: 1.7E-08



TABLE J.7

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
INHALATION

FORMER UNDERGROUND TANK FARM SOURCE AREA

CURRENT USE: Adult Worker
SUBCHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE

(mg/m3 ) (m3 /kg/day)(mg/kg/day)(mg/kg/day)

VOLATILE ORGANICS

Benzene 7.1E-08 6.OE-02 4.3E-09 3.OE-03 1.4E-06
Toluene 6.7E-08 6.OE-02 4.OE-09 6.OE-01 6.7E-09
Xylenes 9.3E-07 6.OE-02 5.6E-08 9.OE-02 6.2E-07

Tetrachloroethene 7.3E-07 6.OE-02 4.4E-08 1.OE+00 4.4E-08
Trichloroethylene 1.8E-07 6.OE-02 1.1E-08 5.0E-02 2.2E-07
Vinyl Chloride 6.OE-08 6.OE-02 3.6E-09 5.QE-03 7.2E-07

Subtotal: 3.0E-06

CURRENT USE: Adult Worker
CHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE

(mg/n3 ) (m 3/kg/day)(mg/kg/day)(mg/kg/day)

VOLATILE ORGANICS

Benzene 7.1E-08 4.1E-02 2.9E-09 3.OE-03 9.7E-07
Toluene 6.7E-08 4.lE-02 2.7E-09 6.OE-01 4.6E-09
Xylenes 9.3E-07 4.1E-02 3.SE-08 9.OE-02 4.2E-07

Tetrachloroethene 7.3E-07 4.1E-02 3.OE-08 1.OE+00 3.OE-08
Trichloroethylene 1.8E-07 4.1E-02 7.4E-09 5.OE-02 1.5E-07
'Vinyl Chloride 6.OE-08 4.1E-02 2.5E-09 5.OE-03 4.9E-07

Subtotal: 2.1E-06



TABLE J.7 (continued)

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES qU
INHALATION

FORMER UNDERGROUND TANK FARM SOURCE AREA

CURRENT USE: Adult Worker
CARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE CARCINOGENIC INCREMENTAL
COMPOUND POINT EXPOSURE DAILY POTENCY CANCER

CONC. FACTOR DOSE FACTOR RISK

(mg/m 3 ) (m3/kg/day)(mg/kg/day)(mg/kg/day)-l ESTIMATE

VOCs:

Benzene 7.1E-08 1.2E-02 8.5E-10 2.9E-02 2.5E-11
Toluene 6.7E-08 1.2E-02 8.0E-10 NA NA
Xylenes 9.3E-07 1.2E-02 1.1E-08 NA NA

Tetrachloroethene 7.3E-07 1.2E-02 8.8E-09 3.3E-03 2.9E-11
Trichloroethylene 1.8E-07 1.2E-02 2.2E-09 1.7E-02 3.7E-11
Vinyl Chloride 6.OE-08 1.2E-02 7.2E-10 3.0E-01 2.1E-10

Subtotal: 3.OE-10



TABLE J.8

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
DIRECT CONTACT TO GROUNDWATER
FORMER TANK K SOURCE AREA

FUTURE USE: Adult Worker
SUBCHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE

(mg/i) (1/kg/day) (mg/kg/day)(mg/kg/day)

VOCs

Benzene 2.8E+00 2.1E-01 5.9E-01 NA NA
Ethylbenzene 3.2E+00 2.1E-01 6.7E-01 1.OE+00 6.7E-01
Toluene 2.4E+01 2.1E-01 5.OE+00 4.0E-01 1.3E+01
Xylenes 2.OE+01 2.lE-01 4.2E+00 4.OE+00 1.1E+00

Subtotal: 1.4E+01

FUTURE USE: Adult Worker
CHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE

(mg/l) (1/kg/day) (mg/kg/day)(mg/kg/day)

VOCs

Benzene 2.8E+00 1.1E-02 3.1E-02 NA NA
Ethylbenzene 3.2E+00 1.1E-02 3.5E-02 1.OE-01 3.5E-01
Toluene 2.4E+01 1.1E-02 2.6E-01 3.OE-01 8.8E-01
Xylenes 2.OE+01 1.1E-02 2.2E-01 2.OE+00 1.1E-01

Subtotal: 1.3E+00

NOTE:

1. The noncarcinogenic toxicity endpoints for the three compounds
are different, therefore the cumulative hazard index may be an
overestimation of potential effects.



TABLE J.8 (continued)

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
DIRECT CONTACT TO GROUNDWATER

FORMER TANK K SOURCE AREA

FUTURE USE: Adult Worker
CARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE CARCINOGENIC INCREMENTAL
COMPOUND POINT EXPOSURE DAILY POTENCY CANCER

CONC. FACTOR DOSE FACTOR RISK

(mg/1) (1/kg/day) (mg/kg/day)(mg/kg/day)-1 ESTIMATE

VOCs

Benzene 2.8E+00 1.6E-04 4.5E-04 2.9E-02 1.3E-05
Ethylbenzene 3.2E+00 1.6E-04 5.1E-04 NA NA
Toluene 2.4E+01 1.6E-04 3.8E-03 NA NA
Xylenes 2.OE+01 1.6E-04 3.2E-03 NA NA

Subtotal: 1.3E-05



TABLE J.9

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
INHALATION

FORMER TANK K SOURCE AREA

FUTURE USE: Adult Worker
SUBCHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE

(mg/nmP) (m3/kg/day) (mg/kg/day) (mg/kg/day)

VOCs

Benzene 1.6E-03 1.2E-01 1.9E-04 3.OE-03 6.4E-02
Ethylbenzene 6.7E-04 1.2E-01 8.0E-05 2.OE-01 4.0E-04
Toluene 6.5E-05 1.2E-01 7.8E-06 6.OE-01 1.3E-05
Xylenes 4.4E-04- 1.2E-01 5.3E-05 9.OE-02 5.9E-04

Subtotal: 6.5E-02

FUTURE USE: Adult Worker
CHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE
(mg/m3 ) (nP/kg/day) (mg/kg/day) (mg/kg/day)

VOCs

Benzene 1.6E-03 6.6E-03 1.1E-05 3.OE-03 3.5E-03
Ethylbenzene 6.7E-04 6.6E-03 4.4E-06 2.OE-01 2.2E-05
Toluene 6.5E-05 6.6E-03 4.3E-07 6.OE-01 7.2E-07
Xylenes 4.4E-04 6.6E-03 2.9E-06 9.OE-02 3.2E-05

Subtotal: 3.6E-03
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TABLE J.9 (continued)

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
INHALATION

FORMER TANK K SOURCE AREA

FUTURE USE: Adult Worker
CARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE CARCINOGENIC INCREMENTAL
COMPOUND POINT EXPOSURE DAILY POTENCY CANCER

CONC. FACTOR DOSE FACTOR RISK
(mg/m3 ) (m3 /kg/day) (mg/kg/day) (mg/kg/day) -1 ESTIMATE

VOCs

Benzene 1.6E-03 9.4E-05 1.5E-07 2.9E-02 4.4E-09
Ethylbenzene 6.7E-04 9.4E-05 6.3E-08 NA NA
Toluene 6.5E-05 9.4E-05 6.1E-09 NA NA
Xylenes 4.4E-04 9.4E-05 4.1E-08 NA NA

Subtotal: 4.4E-09



TABLE J.10

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES

DIRECT CONTACT TO GROUNDWATER
FORMER UNDERGROUND TANK FARM SOURCE AREA

FUTURE USE: Adult Worker
SUBCHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD

COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE

(mg/1) (1/kg/day) (mg/kg/day)(mg/kg/day)

VOLATILE ORGANICS

1,1-DCA 2.OE-02 2.1E-01 4.2E-03 1.OE+00 4.2E-03

trans,1,2-DCE 1.8E-01 2.lE-01 3.8E-02 2.OE-01 1.9E-01

Tetrachloroethene 9.OE-02 2.1E-01 1.9E-02 1.0E-01 1.9E-01

Toluene 1.OE+00 2.1E-01 2.1E-01 4.OE-01 5.3E-01

Trichloroethene 1.6E-02 2.1E-01 3.4E-03 NA NA

Vinyl Chloride 1.7E-02 2.1E-01 3.6E-03 NA NA

INORGANICS

Arsenic 1.3E-02 2.1E-01 2.7E-03 1.OE-03 2.7E+00

Cyanide 1.5E-02 2.1E-01 3.2E-03 2.OE-02 1.6E-01

Zinc 4.OE-02 2.1E-01 8.4E-03 2.OE-01 4.2E-02

Subtotal: 3.8E+00
Liver: 3.8E-01

FUTURE USE: Adult Worker
CHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE

(mg/l) (1/kg/day) (mg/kg/day)(mg/kg/day)

VOLATILE ORGANICS

1,1-DCA 2.OE-02 1.1E-02 2.2E-04 1.OE-01 2.2E-03

trans,1,1-DCE 1.8E-01 1.1E-02 2.OE-03 2.OE-02 9.9E-02

Tetrachloroethene 9.OE-02 1.lE-02 9.9E-04 1.OE-02 9.9E-02

Toluene 1.OE+00 1.1E-02 1.1E-02 3.OE-01 3.7E-02

Trichloroethene 1.6E-02 1.1E-02 1.8E-04 NA NA
Vinyl Chloride 1.7E-02 1.1E-02 1.9E-04 NA NA

INORGANICS

Arsenic 1.3E-02 1.1E-02 1.4E-04 1.OE-03 1.4E-01

Cyanide 1.5E-02 1.IE-02 1.7E-04 2.OE-02 8.3E-03

Zinc 4.OE-02 1.1E-02 4.4E-04 2.OE-01 2.2E-03

Subtotal: 3.9E-01
Liver: 2.OE-01



TABLE J.10 (continued)

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
DIRECT CONTACT TO GROUNDWATER

FORMER UNDERGROUND TANK FARM SOURCE AREA

FUTURE USE: Adult Worker
CARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE CARCINOGENIC INCREMENTAL
COMPOUND POINT EXPOSURE DAILY POTENCY CANCER

CONC. FACTOR DOSE FACTOR RISK

(mg/1) (1/kg/day)(mg/kg/day)(mg/kg/day)-1 ESTIMATE

VOLATILE ORGANICS

1,1-DCA 2.OE-02 1.6E-04 3.2E-06 9.1E-02 2.9E-07
trans,1,1-DCE 1.8E-01 1.6E-04 2.9E-05 NA NA
Tetrachloroethene 9.OE-02 1.6E-04 1.4E-05 5.1E-02 7.3E-07
Toluene 1.0E+00 1.6E-04 1.6E-04 NA NA
Trichloroethene 1.6E-02 1.6E-04 2.6E-06 1.1E-02 2.8E-08
Vinyl Chloride 1.7E-02 1.6E-04 2.7E-06 2.3E+00 6.3E-06

INORGANICS

Arsenic 1.3E-02 1.6E-04 2.1E-06 1.75E+00 3.6E-06
Cyanide 1.5E-02 1.6E-04 2.4E-06 NA NA
Zinc 4.OE-02 1.6E-04 6.4E-06 NA NA

Subtotal: 1.1E-05



TABLE J.11

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
DIRECT CONTACT TO SOILS

FORMER TANK F SOURCE AREA

FUTURE USE: Adult Worker
SUBCHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE
(mg/kg) (kg/kg/day) (mg/kg/day)(mg/kg/day)

VOLATILE ORGANICS

Acetone 2.OE-01 6.4E-06 1.3E-06 1E-01 1.3E-05
Chlorobenzene 5.2E-03 6.4E-06 3.4E-08 2E-01 1.7E-07
Methyl ethyl ketone 2.2E-02 6.4E-06 1.4E-07 5E-01 2.8E-07
Tetrachloroethene 5.9E-03 6.4E-06 3.8E-08 1E-01 3.8E-07
1,1,1-TCA 7.1E-03 6.4E-06 4.5E-08 9E-01 5.OE-08
Trichloroethene 4.9E-03 6.4E-06 3.lE-08 NA NA
Toluene 7.7E-03 6.4E-06 5.OE-08 4E-01 1.2E-07

INORGANICS

Cyanide (Total) 2.6E-01 2.6E-07 6.8E-08 2.OE-02 3.4E-06

Subtotal: 1.7E-05
Liver: 1.3E-05

FUTURE USE: Adult Worker
CHRONIC NONCARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE REFERENCE HAZARD
COMPOUND POINT EXPOSURE DAILY DOSE INDEX

CONC. FACTOR DOSE
(mg/kg) (kg/kg/day)(mg/kg/day)(mg/kg/day)

VOLATILE ORGANICS

Acetone 2.OE-01 3.5E-07 7.OE-08 1E-01 7.OE-07
Chlorobenzene 5.2E-03 3.5E-07 1.8E-09 2E-02 9.2E-08
Methyl ethyl ketone 2.2E-02 3.5E-07 7.6E-09 5E-02 1.5E-07
Tetrachloroethene 5.9E-03 3.5E-07 2.lE-09 1E-02 2.1E-07
1,1,1-TCA 7.lE-03 3.5E-07 2.5E-09 9E-02 2.7E-08
Trichloroethene 4.9E-03 3.5E-07 1.7E-09 NA NA
Toluene 7.7E-03 3.5E-07 2.7E-09 3E-01 9.QE-09

INORGANICS

Cyanide (Total) 2.6E-01 1.4E-08 3.6E-09 2.OE-02 1.8E-07

Subtotal: 1.4E-06
Liver: 1.OE-06



TABLE J.11 (continued)

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
DIRECT CONTACT TO SOILS

FORMER TANK F SOURCE AREA

FUTURE USE: Adult Worker
CARCINOGENIC EFFECTS

EXPOSURE CHEMICAL AVERAGE CARCINOGENIC INCREMENTAL
COMPOUND POINT EXPOSURE DAILY POTENCY CANCER

CONC. FACTOR DOSE FACTOR RISK
(mg/kg) (kg/kg/day)(mg/kg/day)(mg/kg/day)-1 ESTIMATE

VOLATILE ORGANICS

Acetone 2.OE-01 5.OE-09 1.OE-09 NA NA
Chlorobenzene 5.2E-03 5.OE-09 2.6E-11 NA NA
Methyl ethyl ketone2.2E-02 5.OE-09 1.1E-10 NA NA
Tetrachloroethene 5.9E-03 5.OE-09 3.OE-11 5.1E-02 1.5E-12
1,1,1-TCA 7.1E-03 5.OE-09 3.5E-11 NA NA
Trichloroethene 4.9E-03 5.OE-09 2.4E-11 1.1E-02 2.7E-13
Toluene 7.7E-03 5.OE-09 3.9E-11 NA NA

INORGANICS

Cyanide(Total) 2.6E-01 2.OE-10 5.2E-11 NA NA

Subtotal: 1.8E-12
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?TTRACHLORCE"ZYLZNE

-' Summnarv

Tetrachloroethylent- (C, perchloroethylene) induced liver
tumors when administered orally to mice and was found to be
mutagenic using a microbial assay system. Reproduction toxicity
was observed in pregnant rats and mice exposed to high concentra-
tions. Animals exposed by inhalation to tetrachlorckethylene
exhibited liver, kidney, and central nervous system damage.

CAS Number: 127-18-4

Chemical ?ormula: C2 r1 4

IUPAC Name: Tetrachloroethene

Important Synonyms and Trade Names: Perchloroethylene, PCZ

Chemical and Physical Prcoerties

Molecular Weight: 165.83

Boiling Point: 121*C

Melting ?oint: -22.7*C

Specific Gravity: 1.63

Solubilty in Water: 150 to 200 mg/liter at 20*C

Solubility in Organics: Soluble in alcohol, ether, and benzene

Log Octanol/Water Parttion Coeflicient: 2.88

Vapor Pressure: 14 mm Eg at 20C -

Transcort and ?ate

Tetrachloroethylene (P) rapidly volatiziles into the
atmosphere where it reacts with hydroxyl radicals to produce
BC-l, CC, CC and carboxylic acid. This is probably the most
izportant t.ansport and fate prcess for tetrachloroethylene
in the environment. PCI will leach into the groundwater, espe-
cially in soils of low| organic content. In soils with high
levels of organics, PCI adsorbs to these. materials and can

Tetrachloroethylene
Page 1
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be bioaccumulated to some degree. However, it. is unclear if
tetrachloroethylene bound to organic material can be degraded
by microorganisms or must be desorbed to be destroyed. There
is some evidence that higher organisms can metabolire PCE.

Health Effects

Tetrachloroethylene was found to produce liver cancer
in male and female mice when administered orally by gavage
(NCI 1977). Unpublished gavage studies in rats and mice per-
formed by the NatIonal Toxicology Program (CTP) showed hepato-
cellular carcinomas in mice and a slight, statist cally insig-
nificant increase in a rare type of kidney tumor. NTP is
also conducting an inhalation carcinogenicity study. Elevated
mutagenic activity was found in Salmonella strains treated
with te trachloroethylene. Delayed ossification of skull bones
and sternebrae were rgported in offspring of pregnant mice
exposed to 2,000 mg/m of tetrachloroethylene for 7 hours/day.
on days 6-15 of gestation. Increased fetal resorptions were
observed after exposure of pregnant rats to te trachloroetbylene.
Renal toxicity and hepatotoxicity have been noted following
chronic inhalation ejposure of rats to tetrachloroethylene
levels of 1,356 mg/m . During the first 2 weeks of a subchronic
inhalation s udy, exposure to concentrations of 1,622 ppm
(10,867 mg/m ) of tetrachloroethylene produced signs of central
nervous system depression, and cholinergic stimulation was
observed among rabbits, monkeys, rats, and guinea pigs.

Toxicity to Wildlife and Domestic Animals

Tetrachlcroethylene is the most toxic of the chloroethylenes
to aquatic organisms but is only moderately toxic relative
to other types of compounds. The, limited acute toxicity data
indicate that the LC value for saltwater and freshwater species
are similar, around 19,000 pg/liter; the trout was the most
sensitive (L' -4,800 pg/liter). Chronic values were 840
and 450 pg/lilirofor freshwater and saltwater species, respec-
tively, and an acute-chronic ratio of 19 was calculated.

No information on the toxicity of tetrachloroethylene
to terrestrial wildlife or domestic animals was available in
the literature reviewed.

1
1J. Mennear, NT? Chemical Manager; personal communication, 1984.
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in a 50% inhibition of the enzymatic activity of
cytochrome oxidase at a 10-8 M concentration. The

inhibition of cytochrome oxidase prevents the oxidation of
reduced cytochrome C, thus stopping the utilization of
molecular oxygen by cells. Since cytochrome oxidase
occupies a central role in the utilization of oxygen in
practically all cells, its inhibition rapidly leads to
loss of cellular functions and cell death.

4.00 MUTAGENICITY

4.10 Data Summary

Several studies have been conducted to determine the

potential mutagenicity of cyanide compounds. In a study
conducted using Salmonella typhimurium, potassium cyanide
was not found to be mutagenic in cases both with and
without metabolic activation. A study using HCN gas
reported marginally mutagenic activity in S. typhimurium
strain TA100. Addition of S-9 mix decreased the mutagenic
activity. Cyanide was negative in a modified rec assay in
Bacillus subtilis. (U.S. EPA, 1987)

4.20 Classification - CHEM

Not available.

5.00 ACUTE THRESHOLD EFFECTS

5.10 Human

Acute exposure to cyanide by the oral route has usually
occurred from suicide attempts. Signs of acute poisoning
by cyanide include rapid breathing, gasping, tremors,
convulsions, and death. The fatal oral doses of cyanide
compounds range from 50 to 200 mg (0.7 to 2.9 mg CN~/kg
bodyweight) . Within twenty minutes of ingestion of fatal

doses, events progress from hyperventilation, vomiting,
unconsciousness, convulsions, rapid and irregular heart
rate, gasping, vascular collapse, and cyanosis to death.

5.20 Animal

The acute oral LD 5 0 for KCN was 10 mg/kg (4 mg CN~/kg) in
rats and 8.5 mg KCN/kg (3.4 mg CN~/kg) in mice. The LD 5 0

of intraperitoneally administered NaCN for mice was 3.2 mg
CN~/kg.

Doses that are fatal to one species may be harmless to
others. An oral dose of 3.8 mg KCN/kg (1.5 mg CN~/kg) was

fatal to a dog in 155 minutes, but a higher dose of 8 mg
KCN/kg (3.2 mg CN~/kg), equal to the LD 5 0 in mice, had
only minimal effects on guinea pigs.



Mice administered 1 or 2 mg KCN/kg (0.4 or 0.8 mgCN~/kg)
intraperitoneally showed minimal or no effects, while 3 to
5 mg KCN/kg (1.2-2.0 mg CN~/kg) resulted in signs of
toxicity, including convulsions and agitation. A dose of
6 mg KCN/kg (2.4 mg CN~/kg) resulted in 20% mortality.
Rats tolerated higher doses of cyanide (80 mg CN~/kg
bodyweight/day) when mixed in the diet than when
administered by gavage (4.0 mg CN~/kg bodyweight). Rats
tolerated higher oral doses of KCN (approximately 30 mg
KCN/kg bw/day or 12 mg CN~/kg bw/day for 21 days) when
administered in drinking water than when administered in a
bolus (approximately 10 mg/kg bw KCN; 4.5 mg CN~/kg bw) by
gavage with water as the vehicle. Rats receiving
approximately 12 mg CN~/kg bw/day for 21 days in drinking
water had significantly increased liver weights compared
with controls, while rats receiving approximately 8 mg
CN~/kg bw/day in the diet did not.

Beagle dogs consuming 3 mg CN~/kg bw/day in the diet for
30 days showed no clinical signs of toxicity, effects on
body weight, hematology nor histopathologic lesions.

6.00 CHRONIC THRESHOLD EFFECTS

6.10 Human

Hardy et al. and Wolfsie and Shaffer discuss the
possibility of chronic poisoning from cyanide exposure.
Hardy suggests that in some individuals the thiocyanate
excretion may be inadequate, and that increased
thiocyanate levels may produce either goiter and/or
symptoms of thiocyanate intoxication. Because one of the
subject studies came from an area of known endemic goiter,
the accuracy of the Hardy study is suspect.

The occurrence of thyroid abnormalities after long cyanide
exposures has been only rarely reported. El Ghawabi et
al. reported finding 20 cases of mild to moderate thyroid
enlargement among 36 male electroplating workers who had
been exposed for up to at least 15 years to an average of
6.4 to 10.4 ppm cyanide in their breathing zones.

6.20 Animal

A long-term study in rats of the chronic toxicity of foods
containing hydrogen cyanide at levels up to 300 ppm
produced no typical evidence of chronic toxicity even
though definite increases in thiocyanate concentrations
could be found in the tissues of these animals. No
changes were found in the thyroid of the rats even though
rats are sensitive to goitrogenic agents.

In a two-year dietary study, rats (10/sex/group) were



Methyl ethyl ketone has a high vapor pressure and the-refore

would be expected to volatilize readily. However, because

of its high water solubility, volatilization is probably limited
in aquatic systems or wet soil. Once in the atmosphere it is

apparently oxidized (Hoare and Whytock 1967). Methyl ethyl
ketone has a low octanol water partition coefficient and there-
fore is probably not readily adsorbed. Biodegradation is prob-
ably the predominant fate of methyl ethyl ketone in the environ-

ment because of its aliphatic nature.

Health Effects

Methyl ethyl ketone has not been adequately tested for

carcinogenicity and has produced only equivocal evidence of

mutagenicity in a few bacterial assays. Schwetz et al. (1974)
reported that MEK caused retarded fetal development and some

teratogenic effects (acaudia, imperforate anus, and brachygna-
thia) at air concentrations of 3,000 ppm (approximately

9,000 mg/m ). Methyl ethyl ketone is of relatively low toxicity
but at high doses affects the nervous system and causes irri-

tation of the eyes, nose, and skin. The oral LD 5 0 value for
the rat was 2,750 mg/kg.

Although MEK is not strongly neurotoxic alone, it apparently
strongly potentiates the neurotoxicity of n-hexane and n-hexanone
(methyl n-isobutyl ketone).

Toxicity to Wildlife and Domestic Animals

only limited information was available on the toxicity
of methyl ethyl ketone to wildlife. LC concentrations for
two freshwater fishes were around 5,600 5Rg/liter (Turnball

et al. 1954; Wallen et al. 1957). MEK was toxic to brine shrimp
at LC 5 0 levels of 1950 mg/liter.

No information on the toxicity of MEK to terrestrial wild-

life or domestic animals was found in the literature reviewed.

Regulations and Standards

NIOSH Recommended Standard: 590 mg/m3 TWA

OSHA Standard (air): 200 ppm (590 mg/m ) TWA

Methyl ethyl ketone
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Freshwater

Acute toxicity: 32,000 pg/liter
Chronic toxicity: No available data

Saltwater

Acute toxicity: 430 pg/liter
Chronic toxicity: No available data

Human Health

Criterion: 1.4 mg/liter

OSHA Standard (skin): 435 mg/m3 TWA

ACGIH Threshold Limit Values: 435 mg/m 3 TWA
545 mg/m STEL
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METHYL ETHYL KSTONE

Methyl ethyl ketone (MEK) retarded fetal development and
had some teratogenic effects in the offspring of exposed pregnant
rats. At high doses, it affects the nervous system and irritates
the eyes, mucous membranes, and skin. In addition, methyl
ethyl ketone strongly potentiates the neurotoxic effects of
n-hexane and n-hexamone.

CAS Number: 78-93-3

Chemical Formula: C 4H8 0

IUPAC Name: Butanone

.Important Synonyms and Trade Names: Ethyl methyl ketone, MEK,
2-butanone

Chemical and Physical Prooerties.

Molecular Weight: 72.1

Boiling Point: 79.6"C

Melting Point: -86.350C

Specific Gravity: 0.805 at 20"C

Solubility in Water: Very soluble in water

Solubility in Organics: Miscible with alcohol, ether, benzene
and acetone

Log Octanol/Water Partition Coefficient: 0.29

Vapor Pressure: 71.2 mm Hg at 20*C

Vapor Density: 2.41

Flash Point: 2*C

Transport and rate

very limited information on the transport and fate of
methyl ethy. ketone was found in the literature reviewed.
However, ketones in general are probably not very persistent.

Methyl ethyl ketone
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ACETONE

CA5: 67-64-1

Propanone

CH ( ( )CH

TI tTWA, 750 ppm ( = 1780 mgm)

TLV-%TEL. 1000 ppm ( 2375 mgpm'1

i'. ' n 1 i < olnr i', (ih/s wL ii nuk' ri 1(11 lc qn u n t in i an>

ma.tl odor. Phvsirchemical properties include:

\toiecular weight: 58,08
peir gravity: 0778 at 2.5*C

Bioin poitn: in5C

\ telting point: -4 C
Vaoix r pressure: 180 torr at 20 0C
( ]sWd cup raiah fxnnt: I 4*f (- I/C0
i lpoi'v Imits: Ltpe, 12.H%;. hver, 2 h hv volime in .ur

iiuhle in al1 pri oton in wiater. almholoi ine 't/er / odor

rhrie-hhi in r'poneri to be xtveen 200 and 400 prni

Acetone is a widelv used industrial solvent and chemical inter-

meii.ie. It is found in paints, varnishes, lac quers and is used as a
1ilvent for cements in the leather and rubber industries, The evapo-
r.ion rate of acetone makes it also quite useful for cleaning and drying
prer'.on parts,

Inhalation of acetone vapors in high concentrations produces drv-

ness ot the mouth and throat, dizzines nauwea. incoordinated move-

ments, loss of coordinated speech, drowsiness, and in extreme cases

Acetone conceniraiions of 52.200 ppm was found to produce nar-
cosis in rats and wSo fat.l at 126.600 ppm lor 1 hour.' Acute ace-
tone intositation w%,as reported in a 1 0-year-old boy who wore a hip
cast set with a midure o 90% acetone. 9% pentane, and 1 % methyl
satcylate. The iollowing symptoms were described restlessness,
headache. vonirting 1positive henzidine for blood. stupor, blood pres-
sure 80/60, rapid and irregular respiration rate. The relative amounts
ni iceoone inhaled and percutaneously absorbed were not deter-
mined. However, according to authors who have considered this
prohleni. the degree to which acetone is absorhed through the skin
under ordinarv circumstances is quite small," ' The effects of ace-

'one on workers who were cleaning a pit were desibed by Ross:"
'se and throat irritation, weakness of legs. headache, dizziness, and

ihiieariitedness. One ot the workers fainted. Acetone concentrations
im the pt 3 and 18 hours and 1 week alter the incident were in ex-
tess oi 12,000 ppm. Ingestion ot 200 nil of acetone oy a 42-year-
old man' made him stuporous 0.5 hour laiter and proiuced flushed
cheeks and shallow respiration. He later lapsed into coma, but
regained consciousness in about 12 hours when given supporive
therapy.

was cone 3 hours per shift ranged trom 155 to 6596 ppm. At other
times acetone concentrations were in the range of 25 to 904 ppm,
The daily lime-weighted averages were in the range of 950 to 1060
ppm. Eve irritation was noted by 7 of 9 workers. Other symptoms
reporied les. frequentlv inciuded headache, hghtheadedness, nasal
rritation, and throat irntation. The report tates that the symptoms

were internhtteit. transient and ox 1 urred wshen c oncentrations of ace-
tone in air were considerably in excess of 1000 ppm, A review of

the raw data, however, indicates that at least four instances of eye

irritation occurred from exposures below 1000 ppm. DiVincenzo
v il ednxecd nine male employees to acetone vaipor con entra-

lions of 100 and 300 ppm for 2 to 4 hours. No symptoms were report-
ed at 500 ppm. although they did note an awareness of acetone at
this concentration. Nelson et al" subjected 10 men to acetone
vapor for 3-5 minutes in a fume chamber. The highest concentra-
tion they considered satisfactory was 200 ppm, A slight irritation was
experienced at 300 ppm, but 500 ppm was still tolerated by most

Subteis.
No repx'orts were seen in the literature that implicated acetone as

1 carcinogen or mutagen. Smyth et al "" reported an oral LD., in rats
to 1w 10,7 nil/kg.

Nelson et al' reported slight irritation at 300 ppm, but this was
hased on extremely short, 3 to 5 minutes, exposures. DiVincenzo
o i. on repeated 2 to 4 hours exposures, found no effects from
acetone at 500 ppm except an awareness of odor, The raw data of
Raleigh and McGee indicate that mild irntation was experienced by
some of the workers in their study at acetone exposures below 1000
ppm. On the basis of these findings, a recommendation to lower
the time-weighted TLV from 1000 ppm to 750 ppm and the STEL
from 1250 ppm to 1000 ppm was made in 1979. These values were
adopted in 1982.

NIOSH in its criteria document for ketones " recommends an ex-
posure limit of 250 ppm for acetone, based largely on complaints
of workers with exposures of 1000 ppm or less. together with the
human subject experiments of Nelson et a: in the tudgment of the

Committee this limit is unnecessarily severe, in view of the
widespread use of acetone without evidence of serious ill effects.
even at much higher concentrations.

Other recommendations: The following were reported in 1980:'-
Australia, Belgium, Netherlands and Switzeriand 1978). Findland
(1975), Council of Europe (proposed only) ( 974), 1000 ppm; Sweden
(1978), 500 ppm: Japan 01978). 200 ppm: Italy (1978), 420 ppm:

Czechoslovakia 1974) 800 mg/im'; Hungry 1974). Poland (19761
ind the USSR 0977), 200 mg/m'. West Germany 19841 recom-
mends 1000 ppm.
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ETHYLBENZENE

Summary

There is some evidence suggesting that ethylbenzene causes
adverse reproductive effects in animals. Oral and inhalation
exposure caused minor liver and Kidney chanqes in rats. Ethyl-
benzene is a skin and eye irritant.

CAS-'Number: 100-41-4

Chemical Formula: 6 5C2H5

IUPAC Name; Ethylbenzene

Important Synonyms and Trade Names: Phenylethane, f3, ethylben::

Chemical and Physical Prooerties

Molecular weight: 106.2

Boiling Point: 136.2*C

Melting Point: -950C

Specific Gravity: 0.867 at 20*C (liquid)

solubility in Water: 161 mg/liter at 25C

Solubility in organics: ?reely soluble in organic solvents

lzg Octanol/Water Partition Coefficient: 3.15

Vaper Pressure: 7 = Sg at 20*0

Vapor Density: 3.66

Henry's Law Constant: 6.44 atm. m /mole

Flash Point: 17.2*C

Transaort and Fate

Only limited data are available on the transport and fate
of ethylben=ene. Volatilization is probably the major route
of elimination from surface water. Subsequent atmospheric
.reactions, especially photooxidatien, are responsible for-its
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fate. However, its high log octanol/water partition coefficient
suggests that a significant amount of ethylbenzene may be
adsorbed by organic material in the sediment. Some soil bacteria
are capable of using ethylbenzene as a source of carbon. How-
ever, the relative importance of this potential route of ethyl-
benzene elimination has not been determined.

Health Effects

- Ethylbenzene has been selected by the National Toxicology
Program to be tested for possible carcinogenicity, although
negative results were obtained in mutagenicity assays in Salmonella
tyhimurium and Saccharomyces cerevisiae. There is recent
animal evidence that ethylbenzene causes adverse reproductive
effects. Ethylbenzene is a skin irritant, and its vapor is
irritating to the eyes at a concentration of 200 ppm (870 mg/m3)
and above. When experimental animals were exposed to ethylbenzene
by inhalation, 7 hours/day for 6 months, adverse 9ffects were
produced at concentrations of G00 ppm (2,610 mg/m ) and above,
but not at 400 ppm (1,740 mg/m ). At 600 ppm rats and guinea
pigs showed slight changes in liver and kidney weights, monkeys
had slight changes in liver weight, and monkeys and rabbits
experienced histopathologic changes in the testes. Similar
effects on the liver and kidney were observed in rats fed ethyl-
benzene at 408 and 680 mg/kg/day for 6 months.

Toxicity to Wildlife and Domestic Animals

Ethylbenzene was acutely toxic to freshwater species at
levels greater than 32 mg/liter. No chronic toxicity was re-
ported, but the highest test dose (440 pg/liter) was only one-
hundredth of the 96-hour L for the particular species being
tested. No studies on the Moaccumulation. of ethylbenrene
were reocrted in the information reviewed, but a bioconcentration
factor of 95 was calculated using the log octanol/water partition
coefficient. No information on the toxicity of ethylbenzene
to domestic animals and terrestrial wildlife was found in the -
sources reviewed.

Reculations and Standards

Ambient Water Quality Criteria (USEPA):

Acuatic Life

The available data are not adequate for establishing final
criteria. Rowever, EPA did report the lowest values known
to have toxic effects in aquatic organisms.
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environmental distribution. Although little applicable infor-
mation is available, adsorption is probably an insignificant
environmental fate process for 1,2-trans-DCE. The relatively
low log octanol/water partition coefficient of 1,2-trans-DCE
suggests that bioaccumulation also is a relatively insignificant
process. Although no information pertaining specifically to
biodegradation of 1,2-trans-DCE is available, results with
similar compounds suggest that this process probably occurs
but at a very slow rate.

Photooxidation in the troposphere appears to be the dominant
environmental fate of 1,2-trans-DCE. -Once in the troposphere,
the compound is attacked at the double bond by hydroxyl radicals,
resulting in the formation of formic acid, hydrochloric acid,
carbon monoxide, and formaldehyde. The half-life of 1,2-trans-
DCE in the troposphere is estimated to be less than one day.
Given the properties of similar compounds, photolysis of 1,2-trans-
DCE in aquatic systems and photodissociation in the terrestrial
environment are probably insignificant.

Health Effects

Very little information concerning exposure only to 1,2-
trans-DCE is available. There are no reports of carcinogenic
or teratogenic activity by 1,2-trans-DCE in animals or humans.
It is reportedly nonmutagenic in a variety of test systems.
Like other members of the chlorinated ethylene series, 1,2-
trans-DCE has anesthetic properties. Exposure to high vapor
concentrations has been found to cause nausea, vomiting, weak-
ness, tremor, and cramgs in humans. Repeated exposure via
inhalation of 800 mg/m (8 hours/day, 5 days/week, for 16 weeks)
was reported to produce fatty degeneration of the liver in
rats. The intraperitoneal injection LD value for the rat
is 7,536 mg/kg.

Although nephrotoxic and cardiac sensitizing effects are
associated with exposure to 1,1-dichloroethylene, the 1,2-DCE
isomers have not been investigated with respect to this type
of effects. l,2-trans-Dichloroethylene can inhibit aminopyrine
demethylation in rat liver microsomes in vitro, and it may
thus interact with the hepatic drug-metabolizing monooxygenase
system.

Toxicity to Wildlife and Domestic Animals

Practically no information concerning the toxicity of
1,2-trans-DCE to wildlife and domestic animals exists. The
reported 96-hour LC value under static conditions is 135,000
pg/liter for the bligill. Under the same test conditions,
the LC value for 1,1-dichloroethylene is 73,900 pg/liter.
Recomm Rded criteria for protection of aquatic life are based
primarily on data concerning 1,1-dichloroethylene.

1,2-trans-Dichloroethylene
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Regulations and Standards

Ambient Water Quality Criteria (USEPA):

The available data are not adequate for establishing criteria.

OSHA Standard: 790 mg/m3 TWA

ACGIH Threshold Limit Values: 790 mg/m3 3WA
1,000 mg/m STEL
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1,2-trans-DICHLOROETHYLENE

Summarv

Chronic inhalation exposure to 1,2-trans-dichloroethylene
(1,2-trans-DCE) causes liver degeneration, and acute exposure
to high levels has adverse effects on the central nervous system.

CAS Number: 540-59-0

Chemical Formula: C2 H2 C1 2

IUPAC Name: 1,2-trans-Dichloroethene

Important Synonyms and Trade Names: trans-Acetylene dichloride,
dioform

Chemical and Physical Properties

-Molecular Weight: 96.94

Boiling Point: 47.5*C

Melting Point: -50*C

Specific Gravity: 1.2565 at 20*C

Solubility in Water: 600 mg/liter

Solubility in Organics: Miscible with alcohol, ether, and acetone;
very soluble in benzene and chloroform

Log Octanol/Water Partition Coefficient: 1.48 (calculated)

Vapor Pressure: 200 mm Hg at 140C

Flash Point: 3"C (undefined isomers)

Transport and Fate

Due to the relatively high vapor pressure of 1,2-trans-
dichloroethylene (1,2-trans-DCE), volatilization from aquatic -

systems to the atmosphere is quite rapid and appears to be
the primary transport process. Aerial transport of this compound
can occur and is partly responsible for its relatively wide
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tion in the atmosphere by reaction with hydroxyl radicals is
apparently the predominant fate process. Information on other
transport and fate mechanisms was generally lacking for 1,1-di-
chloroethylene. However, by inference from related compounds,
hydrolysis, sorption, bioaccumulation, biotransformation, and
biodegradation probably all occur but at rates too slow to
be of much significance.

Health Effects

1,1-Dichloroethylene caused kidney tumors in males and leu-
kemia in males and females in one study of mice exposed by
inhalation, gave equivocal results in other inhalation studies,
and gave negative results in rats and mice following oral ex-
posure and in hamsters following inhalation exposure. VDC
was mutagenic in several bacterial assays. 1,l-Dichloroethylene
did not appear to be teratogenic but did cause embryotoxicity
and fetotoxicity when administered to rats and rabbits by in-

halation. Chronic exposure to oral doses of VDC as low as
5 mg/kg/day caused liver changes in rats. Acute exposure to
high doses causes central nervous system depression, but neuro-
toxicity has not been associated with low-level chronic exposure.
The oral LD value for the rat is 1,500 mg/kg, and for the
mouse it is5 9 00 mg/kg.

Toxicity to Wildlife and Domestic Animals

l,l-Dichloroethylene is not very toxic to freshwater or
saltwater species, with acute LC values generally ranging
from 80 to 200 mg/liter. A chroR c study in which no adverse
effects were observed indicated that the acute-chronic ratio
was less than 40; a 13-day study that produced an LC of 29
mg/liter indicated that the acute-chronic ratio is gPgater
than 4.

No reports of the toxicity of 1,1-dichloroethylene to
terrestrial wildlife or domestic animals were found in the
literature reviewed.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

Aquatic Life

The available data. are inadequate for establishing criteria.
However, EPA did report the lowest values known to cause
toxicity in aquatic organisms.

1,1-Dichloroethylene
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Freshwater

Acute toxicity: 11,600 pg/liter
Chronic toxicity: No available data

Saltwater

Acute toxicity: 224,000 pg/liter
Chronic toxicity: No available data

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of 1,1-dichloroethylene
in water are:

Risk Concentration

10-6 0.33 pg/liter
10_ 0.033 pg/liter
10 0.0033 pg/liter

CAG Unit Risk (USEPA): 1.16 (mg/kg/day)~1
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1, 1-DICHLOROETHYLENE

Summarv

1,1-Dichloroethylene (VDC, vinylidene chloride) caused
kidney tumors (in males only) and leukemia in one study of
mice exposed by inhalation, but the results of other studies
were equivocal or negative. 1,1-Dichloroethylene is mutagenic,
and it caused adverse reproductive effects when administered
to rats and rabbits by inhalation. Chronic exposure causes
liver damage, and acute exposure to high doses produces nervous
system damage.

CAS Number: 75-35-4

Chemical Formula: CH2 CC

IUPAC Name: 1,1-Dichloroethene

Important Synonyms and Trade Names: Vinylidene chloride, VDC,
1,1-dichloroethene, 1,1-DCE

Chemical and Physical Prooerties

Atomic Weight: 96.94

Boiling Point: 37*C

Melting Point: -122.1 0 C

Specific Gravity: 1.218 at 20*C

Solubility in Water: 400 mg/liter at 200C

6jlubility in Organics: Sparingly soluble in alcohol, ether,
acetone, benzene, and chloroform

Log Octanol/Water Partition Coefficient: 1.48

Vapor Pressure: 500 mm Hg at 20*C

Vapor Density: 3.25

Transoort and Fate

volatilization appears to be the primary transport process

for 1,1-dichloroethylene (VDC), and its subsequent photooxida-
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1,1-DICHLOROETHANE

Sl a uSumnarv

1,1-Dichloroethane is quite volatile and probably is not
very persistent in aquatic environments. Inhalation exposure
to high doses causes central nervous system depression in humans
and may cause hepatotoxicity. In animals, high doses cause
liver and kidney damage and retard fetal development.

CAS Number: 75-34-3

Chemical Formula: CH3CHCI 2

.IUPAC Name: 1,1-Dichloroethane

Important Synonyms and Trade Names: Ethylidene chloride, ethylidene
dichloride

Chemical and Physical Properties

Molecular Weight: 98.96

3oiling Point: 57.3*C

Melting Point: -97.0*C

Specific Gravity: 1.1776 at 20*C

Solubility in Water: 5 g/liter

Solubility in Organics: Miscible in alcohol

Log Octanol/Water Partition Coefficient: 1.79

Vapor Pressure: 180 mm Hg at 20@C

Transport and Fate

1,1-Dichloroethane disperses from surface water primarily
by volatilization into the troposphere, where it is subsequently
broken down by hydroxylation. No studies on adsorption were
found in the literature reviewed, but because of its water
solubility and relatively low log octanol/water partition Co-
efficient, 1,1-dichloroethane potentially could move through
soil and enter the groundwater.

Reprinted verbatim from Chemical, P'hysical, and Bioloaical Properties
of Compounds Present in Hazardous Waste Sites, Final Reort.
September 27, 1985. Prepared by Clement Associates, Inc., for U.S. EPA.
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Health Effects

Limited toxicological testing of 1,1-dichloroethane has
been conducted, although the literature indicates that 1,1-
dichloroethane is one of the least toxic of the chlorinated
ethanes. An NCI bioassay on 1,1-dichloroethane was limited
by poor survival of test animals of test animals, but some
marginal tumorigenic effects were seen. Inhalation ejposure
to high doses of 1,1-dichloroethane (over 16,000 mg/m ) caused
retarded fetal development in rats (Schwetz et al. 1974).
1,1-Dichloroethane was not found-to be mutagenic using the
Ames assay. 1,1-Dichloroethane causes central nervous system
depression when inhaled at high concentrations, and evidence
suggests that the compound is hepatotoxic in humans. Kidney
and liver damage was seen in animals exposed to high levels
of 1,1-dichloroethane. The oral LD50 value in the rat is
725 mg/kg.

Toxicity to Wildlife and Domestic Animals

No information on the toxicity of 1,1-dichloroethane to
aquatic species was reported in the literature reviewed. How-
ever, the available information on the chloroethanes indicates
that toxicity declines with decreases in chlorination and that
the 1,1,1-isomer is less active than the 1,1,2-isomer. Therefore
1,1-dichloroethane is probably no more toxic than 1,2-dichloro-
ethane, which is acutely toxic at levels of 100-500 mg/liter
and has a chronic toxicity beginning at about 20 mg/liter.

No information on the toxicity of 1,1-dichloroethane to
terrestrial wildlife or domestic animals was found in the sources
reviewed.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

The available data were inadequate for establishing cri-
teria.

OSHA Standard (air): 400 mg/m TWA

ACGIH Threshold Limit Value: 810 mg/m 3 TWA

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH).
1980. Documentation of the Threshold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages
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administered food fumigated with hydrogen cyanide. The
average daily concentrations were 73 and 183 mg CN/kg
diet. From the data reported on food consumption and body
weight, daily estimated doses were 4.3 mg and 10.8 mg
CN/kg bodyweight. The average food cyanide concentrations
were estimated based on the authors' data for
concentration at the beginning and end of each food
preparation period and by assuming a first-order rate of
loss for the intervening period. There were no treatment
related effects on growth rate, no gross signs of
toxicity, and no histopathologic lesions.

6.30 Reference Dose

The U.S. EPA as presented in IRIS has established a
reference dose for chronic oral exposure to cyanide of 2 x
10-2 mg/kg/day. This number is an estimate (with
uncertainty spanning perhaps an order of magnitude) of a
daily exposure to the human population, including
sensitive subgroups, that is likely to be without an
appreciable risk of deleterious effects during a lifetime.

6.40 Hazard Score from CHEM (air only)

Not available.

7.00 REPRODUCTIVE/DEVELOPMENTAL EFFECTS

No effects were seen on the reproductive performance of
pregnant rats fed 500 mg CN~/kg diet (KCN) through
gestation and lactation. Offspring that were continued on
the test diet after weaning consumed less food and grew at
a significantly reduced rate compared to control
offspring.

Severe teratogenic effects were seen in hamsters that were
administered cyanide using subcutaneously implanted
osmotic minipumps that delivered cyanide at a rate of 3.3-
3.4 mg CN~/kg bodyweight/hour (79.2-81.6 mg CN~/kg
bodyweight/day) from day 6 through 9 of gestation.

Similarly, piglets born to pigs maintained on diets
containing cyanide (30.3, 276.6, and 520.7 mg CN~/kg diet)
throughout gestation and lactation showed adverse health
effects. These included reduced organ-to-body weight
ratios of the thyroid, spleen, and heart in the high
and/or medium dose groups relative to the low-dose group.
(U.S. EPA, 1987)



8.00 CARCINOGENICITY

8.10 Human

Not available.

8.20 Animal

Pertinent data regarding carcinogenicity have not been
located in available literature. In vitro studies of
genotoxicity have been negative except for a marginally
mutagenic response for hydrogen cyanide in Salmonella
typhimurium strain TA100. This response was decreased in
the presence of rat hepatic homogenates.

8.30 Classification -- IRIS, CHEM

The U.S. EPA has classified cyanide as a Class D
carcinogen (not classified) based on inadequate evidence
of carcinogenicity in animals.

9.00 STRUCTURE ACTIVITY RELATIONSHIPS

Not available.

10.00 INTERACTIONS WITH OTHER SUBSTANCES

Not available.
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Regulations and Standards

Ambient Water Quality Criteria (USEPA)

Aquatic Life

The available data. are not adequate for establishing criteri:
However, EPA did report the lowest values known to be

toxic to aquatic organisms.

Freshwater

Acute toxicity: 5,280 pg/liter
Chronic toxicity: 840 pg/liter

Saltwater

Acute. toxicity: 10,200 pg/liter
Chronic toxicity: 450 pg/liter

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of tetrachloroethylene
in water are:

Risk Concen trat ion

10 -6 8.0 pg/liter
10 0.8 pg/liter
10~7 0.08 pg/liter

CAG Unit Risk (USEPA): 5.110-2 (mg/kg/day)

NIOSE Recommended Standards (air): 335 Mg/m TWA
670 mg/m 15-min Ceiling Leve:

OSHA Standards (air): 670 mg/ m
1,340 mg/n Ceiling Level
2,010 mg/m for 5 min every 3 hr, Peak LeVE

NATIONAL ACADE! OF SCIDNCE (NAS). 1977. Drinking Water and
Health. Safe Drinking Water Committee, Washington, D.C.

NATIONAL CANCER INSTITUTE (NCI). 1977. Bioassay of Tetrachloro-
ethylene for Possible Carcinogenicity. NCI Carcinogenesis
Technical Report Series No. 13, Washington, D.C. DEEW
Publication No. (NIH) 77-813
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TOLUENE

Summary

Toluene has been shown to be embryotoxic in experimental
animals, and the incidence of cleft palate increased in the
offspring of dosed mice. Chronic inhalation exposure to high
levels of toluene caused cerebellar degeneration and an irreversible
encephalopathy in animals. In humans, acute exposure depressed
the central nervous system and caused narcosis.

CAS Number: 108-88-3

Chemical Formula: C 6H5CH3-

IUPAC Name: Methylbenzene

Important Synonyms and Trade Names: Toluol, phenylmethane

Chemical and Physical Prooerties

Molecular Weight: 92.13

Boiling Point: 110.6C

Melting Point: -950C

Specific Gravity: 0.8669 at 200C

Solubility in Water: 534.8 mg/liter

Solubility in Organics: Soluble in acetone, ligroin, and carbon
disulfide; miscible with alcohol,
ether, benzene, chloroform, glacial
acetic acid, and other organic solvents

Log Octanol/Water Part.ition Coefficient: 2.69

Vapor Pressure: 28.7 mm Eg at 25"C

Vapor Density: 3.14

Flash Point: 4.4"C

Reprinted verbatim from Chemical, Physical, and Biological Properties
of compounds Present in Hazardous Waste Sites, Final Report.

september 27, 1985. Prepared by Clement Associates, Inc., for U.S. EPA.
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Transport and Fate

volatilization appears to be the major route of removal
of toluene from aquatic environments, and atmospheric reactions
of toluene probably subordinate all other fate processes (USEPA
1979). Photooxidation is the primary atmospheric fate process
for toluene, and benzaldehyde is reported to be the principal
organic product. Subsequent precipitation or dry deposition
can deposit toluene and its oxidation products into aquatic
and terrestrial systems. Direct photolytic cleavage of toluene
is energetically improbable in the troposphere, and oxidation
and hydrolysis are probably not important as aquatic fates.

The log octanol/water partition coefficient of toluene
indicates that sorption processes may be significant. However,
no specific environmental sorption studies are available, and
the extent to which adsorption by sedimentary and suspended
organic material may interfere with volatilization is unknown.
Bioaccumulation is probably not an important environmental
fate process. Although toluene is known to be degraded by
microorganisms and can be detoxified and excreted by mammals,
the available data- do not allow estimation of the relative
importance of biodegradation/biotransformation processes.
Almost all toluene discharged to the environment by industry
is in the form of atmospheric emissions.

Health Effects

There is no conclusive evidence that toluene is carcino-
genic or mutagenic in animals or humans (USEPA 1980). The
National Toxicological Program is currently conducting an in-
halation carcinogenicity bioassay in rats and mice.

Oral administration of toluene at doses as low as 260 mg/kg
produced a significant increase in embryonic lethality in mice
(USEPA 1980). Decreased fetal weight was observed at doses
as low as 434 mg/kg, and an increased incidence of cleft palate
was seen at doses as low as 867 mg/kg. However, other researchers
have reported that toluene is embryotoxic but not teratogenic
in laboratory animals. There are no accounts of a teratogenic
effect in humans after exposure to toluene.

Acute exposure to toluene at concentrations of 375-1.,500 mg/m3
produces central nervous system depression and narcosis in
humans (ACGIH 1980). However, even exposure to quantities
sufficient to produce unconsciousness fail to produce residual
organ damage. The rat oral LD valug and inhalation LC
value are 5,000 mg/kg and 15,0H& mg/m , respectively. Ch~onic
inhalation exposure to toluene at relatively high concentrations
produces cerebellar degeneration and an irreversible encephalopathy
in mammals.

Toluene
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Toluene in sufficient amounts appears to have the poten-
tial to alter significantly the metabolism and resulting bio-
activity of certain chemicals. For example, coadministration
of toluene along with benzene or styrene has been shown to
suppress the metabolism of benzene or styrene in rats.

Toxicity to Wildlife and Domestic Animals

Of five freshwater species tested with toluene, the clado-
ceran Daphnia magna was most resistant to any acute effects
(USEPA 1980). The EC and LC values for all five species
range from 12,700 to R 3,000 ptaliter. No chronic tests are
available for freshwater species. The two freshwater algal
species tested are relatively insensitive to toluene with. EC 50values of 245,000 pg/liter or greater being reported. For
saltwater species, EC and LC values range from 3,700 pg/liter
for the bay shrimp to 9,050 mg,5 iter for the Pacific oyster.
The chronic value in an embryo-larval test for the sheepshead
minnow is reported to be between 3,200 and 7,700 pg/liter,
and the acute-chronic ratio is between 55 and 97. In several
saltwater algal species and kelp, effects occur at toluene
concentrations from 8,000 to more than 433,000 pg/liter.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

Aquatic Life

The available data are not adequate for establishing cri-
teria. However, EPA did report the lowest concentrations
of toluene known to be toxic in aquatic organisms.

Freshwater

Acute toxicity: 17,500 pg/liter
Chronic toxicity: No available data

Saltwater

Acute toxicity: 6,300 pg/liter
Chronic toxicity: 5,000 pg/liter

Human Health

Criterion: 14.3 mg/liter

NIOSH Recommended Standards: 375 mg/m 3 TWA
560 mg/m STEL

Toluene
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OSHA Standards: 750 mg/m3 TWA
1,120 mg/m3 Ceiling Level
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1,1,1-TRICHLOROETHANE

W Summary

Preliminary results suggest that 1,1,1-trichloroethane
(1,1,1-TCA) induces liver tumors in female mice. It was shown
to be mutagenic using the Ames assay, and it causes, transforma-
tion in cultured rat embryo cells. Inhalation exposure to
high concentrations of 1,1,1-TCA depressed the central nervous
system; affected cardiovascular function; and damaged the lungs,
liver, and kidneys in animals and humans. Irritation :if the
skin and mucous membranes has also been associated with human
exposure to 1,1,1-trichloroethane.

CAS Number: 71-55-6

Chemical Formula: C3CC 3

IUPAC Name: 1,1,1-Trichloroethane

Important Synonyms and Trade Names: Methyl chloroform, chloro-
- thene, 1,1,1-TCA

Chemical and Physical Procerties

Molecular Weight: 133.4

Boiling Point: 74.1"C

Melting Point: -30.4*C

Specific Gravity: 1.34 at 200C (liquid)

Solubility in Water: 480-4,400 mg/liter at 200C (several divergent
values were reported in the literature)

Solubility in Organics: Soluble in acetone, benzene, carbon
tetrachloride, methanol, ether, alcohol,.
and chlorinated solvents

Log Octanol/Water Partition Coefficient: 2.17

Vapor Pressure: 123 mm Hg at 20*C

Vapor Density: 4.63

Reprinted verbatim from Chemical, Physical, and Biological PropertiesOf Comoounds Present in Hazardous Waste Sites, Final Report.
Septemoer 27, 1985. Prepared by Clement Associates, Inc., for U.S. EPA.
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Transport and Fate

1,1,1-Trichloroethane (1,1,1-TCA) disperses from surface
water primarily by volatilization. Several studies have indic-
ated that 1,1,1-trichloroethane may be adsorbed onto organic
materials in the sediment, but this is probably not an important
route of elimination from surface water. 1,1,1-Trichloroethane
can be transported in the groundwater, but the speed of transport
depends on the composition of the soil.

Photooxidation by reaction with hydroxyl radicals in the
atmosphere is probably the principal fate process for this
chemical.

Health Effects

1,1,1-Trichloroethane was retested for carcinogenicity
because in a previous study by NCI (1977), early lethality
precluded assessment of carcinogenicity. Preliminary results
indicate that 1,1,1-TCA increased the incidence of combined
hepatocellular carcinomas and adencnas in female mice when
administered by gavage (NTP 1984). There is evidence that
1,1,1-trichloroethane is mutagenic in Salmonella typhimurium
and causes transformation in cultured rat embryo cells (USEPA
1980). These data suggest that the chemical may be carcinogenic.

other toxic effects of 1,ll-TCA are seen only at concen-
trations well above those likely in an open environment. The
most notable toxic effects of 1,1,1-trichloroethane in humans
and animals are central nervous system depression, including
anesthesia at very high concentrations and impairment of coordi-
nation, equilibrium, and judgment at lower concentrations (350
ppm and above); cardiovascular effects, including premature
ventricular contractions, decreased blood pressure, and sensiti-
zation to epinephrine-induced arrhythmia; and adverse effects
on the lungs, liver, and kidneys. Irritation of the skin and
mucous membranes resulting from exposure to 1,1,1-trichloro-
ethane has also been reported. The oral LD value of 1,1,1-
trichloroethane in rats is about 11,000 mg/A8.

Toxicity to Wildlife and Domestic Animals

The acute toxicity of 1,1,1-trichloroethane to aquatic
species is rather low, with the LC concentration for the
most sensitive species tested beina 0 52.8 mg/i. No chronic
toxicity studies have been done on 1,1,1-trichloroethane, but
acute-chronic ratios for the other chlorinated ethanes ranged
from 2.8 to 8.7. 1,1,1-Tricholoroethane was only slighty bio-
accumulated with a steady-state bioconcentration factor of
nine and an elimination half-life of two days.
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No information on the toxicity of 1,1,1-trichloroethane

to terrestrial wildlife or domestic animals was available in

the literature reviewed.

Regulations and Standards

imbient Water Quality Criteria (USEPA):

Aquatic Life

The available data are not adequate for establishing criteria.

However, EPA did report, the lowest values of the two

trichloroethanes (1,1,1 and 1,1,2) known to be toxic in

aquatic organisms.

Freshwater

Acute toxicity: 18 mg/liter
Chronic toxicity: 8.4 mg/liter

Saltwater

Acute toxicity: 31.2 mg/liter
Chronic toxicity: No available data

Human Health

Criterion: 18.4 mg/liter

NIOSH Recommended Standard: 350 ppm (1,910 mg/m3 )/15 min Ceiling
Level

OSHA Standard: 350 ppm (1,910 mg/m3 ) TWA
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Reprinted vertaizm frzm rhemical, Phvsical and c alr'reies
ccmrcunds Present at Hazardcus Waste Sines, Final Rewc:r. Sepzemwer Z
985. Preparez zy Cl>men: Associazes, Znc., tzr US 2A.

TRicaLCRCVI'Zflh.S

summarv

Trichlorcethylene (TCE) induced hepatocellular carcinomas

!n mice and was =utagenic when tested using several microbial
assay systems. Cnronic inhalation exposure to high concentra-

tions caused liver, kidney, and neural damage and dermatological
reactions in animals.

CAS Number; 79-01.-6

Chemical Formula: C Ecl

I72AC Name: Trictloroethene

:mpcrtant 5nomyms and Trade Names: Trichloroerzene, TC-,
and ethylene trichloride

Ch.eical and Physial ?rvoer::es

Molecular Weig::: 121.5

3cilin; Point: 97*c

Melting Point: -73*C

Specific Gravity: 1.4642 at 20*

Solubility in Wa:e:: 1,000 mg/lIter

Solazility in :r;anics: Soluble in alc-oho, e the:, acetone,
and c!:lo:oform

Ecg Octanol/Water Partition Coetjicient: 2. 9 -

Vapor Pressure: 60 = Eg at 20*C

Vaozr C ensity: 4.53

Transocrt and Fate

::ichlcrce thyl ene (a) rapidly volatilIres into the atmos-

phere where it reacts with hydrozyl radicals to produce yo-
chlori: acid, carbon monoxide, carbon dioxide, and catboxyli=
acid. This is probably the most important transport and fate

process Or trichicroethylene in surface water and in the per

Trichloroethylene
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layer of soil. 7= adsorbs to organic materials and can be

bioaccumulated to some degree. However, it is unclear whether
trichloroethylene bound to organic material can be degraded
by microorganisms or must be desorbed to be destroyed. There

is some evidence that higher organisms can metabolize TCE.
Trichloroethylene leaches into the groundwater fairly readily, V
and it. is a common contaminant of groundwater around hazardous

waste sites.

Health Effects

Trichloroe thylene is carcinogenic to mice after oral admin-t

istration, producing hepatocellUlar carcinomas (MCI .1976, NTP

1982). It was found to be mutagenic using several microbial
assay systems. Trichloroethylene does not appear to cause

reproductive toxicity or teratogenicity. TCE has been shown

to cause renal toxicity, hepatotozicity, neurotoxicity, and
dermatological reactions in anmals following chronic exposure to

levels greater than 2,000 mg/I for 6 months. Tzichloroethylene
has low acute toxicity; the acute oral LD50 value in several
species ranged from 6,000 to 7,000 mg/kg.

Toxicity to Wildlife and Domestic Animals

There was only limited data on the toxicity of trichloro-

ethylene to aquatio organisms. The acute toxicity to freshwater
species was sizilar in the three species tested, with LC
values of about 50 mg/liter. No DC values ve:e availa--e
for saltwater species. However, a A$se of 2 mg/liter caused
erratic swimming and loss of equilibrium in the grass shrirp.
No chronic toxicity tests were reported.

No information on the toxicity of trichloroethylene to
domestic animals or terrestrial wildlife was availaile in the

literature reviewed.

Reculations and Standards

Ambient Water Quality Criteria (SEA):

Acuatic Toxicity

The available data. are not adecuate for establishing criteria.
Bowever, EPA did report the lowest values known to be

toxic in aquatic organisms.

F:e shwa te:

Acute toxicity: 45 mg/liter
Chronic toxicity: No available data

Trichloroethylene
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Saltwater

Acute toxicity: 2 mg/lite:
Chronic toxicity: No available data

Human Health

Estimates of the carcinogenic risks associated witr lifetime
exposure to various concentrations of trichloroethylene
in water are:

Risk Concentration

-527 g/1iter
10 2.7 pg/liter
10-6 O.7 pg/liter
10~ 7 0,27 pg/liter

CAG Unit Risk (US:PA): 1.1x102 (mg/kg/day)I

3
LITOSH Recommended Standards (air): 540 mg/m3 TWA

760 mg/m 10-min Ceiling Level

3
CSRA Standards (ai:) : 540 mg/ 3WA

1,075 mg/m/15-min Ceiling Level
1,620 mg/= for 5 min every 3 h:,

- eak Concentration
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VINYL C.HLOwRIDEz

vinyl chloride is a human carcinogen that causes angiosar-
comas of the liver and t=mors of the brain, lung, and hemolympho-
poietic system. There is Suggestive evidence that vinyl chloride
has teratogenic and reproductive effects in both humans and
ianiials. ChronIc human exposure to vinyl chloride is associated
vith*multiple systemic disorders, including a sclerotic syndrome,
acro-osteolysis, and liver damage. Acute human exposure to
high concentrations can cause narcosis, respiratory tract irrita-
tion, bronchitis, and memory disturbances. Chronic exposure
by animals can result in lesions of the liver, kidneys, spleen,
and lungs.

CAS Number: 75-01-4

Chemical ?ormula: Ca2fll

IUPAC Name: Chi:rzethene

Important SynonYns and Trade Names; ChIoroethylene, VC, mono-
chloroethylene

chemical and Phvsical Pronertles

Mclecul7a: Weight: 62.5

Boiling Point: -13.37*

Melting Point: -153.*C

Specific Gravity: 0.9106 at 20*C

SolubilIty in Water: 1,100 mg/liter at 25*C

Solubility in Organics:' Soluble in alcohol ether and carbon
tetrachloride

Log Octanol/Water Partition Coefficient: 1.4 (estimated)

Vapor Pressure: 2,660 mm Eg at 25*C

Vapor Density: 2.15

Flash Point: -77.8*C

Vinyl chloride
Page 1
October 1985



Transoort and !ate

volatilization from aquatic and terrestrial systems is
the most important transport process for distribution of vinyl
chloride throughout the environment. Half-lives in aquatic

systems range from several minutes to a few hours, depending
on temperature, water turbulence, and mixing efficiency. Photo-
oxidation in the troposphere is the dominant environmental
fate-of vinyl -chloride. Vinyl chloride reacts rapidly with
hydroxyl radicals, forming hydrogen chloride or formyi chloride.
rormyl chloride, if formed, rapidly decomposes to yield carbon
monoxide and hydrogen chloride. Vinyl chloride in the atmosphere
is expected to be destroyed within one or two days of its release.
The hydrogen chloride formed is reported to be removed from
the troposphere during precipitation.

Photolysis does not appear to be an important fate process
in aquatic systems. Turthermore, photooxidation destroys vinyl
chloride before it can reach the stratosphere, where direct photo-
lysis could occur. Based on available information, hydrolysis,
sorption, bioaccumulation, and biodegradation do not appear to.
be important environmental fate processes.

Health Effects

ARC considers vinyl chloride to be a Category I human
carcinogen, causing- angiosarcomas of the liver and tuors of
the brain, lung, and hemolymphopoietic system in humans. Vinyl
chloride is carcinogenic in mice, rats, and hamsters; it produces
tmors at several sites, including angiosarcomas of the liver,
after oral or inhalation exposure. Vinyl chloride, both as
a vapor and in solution, is mutagenic in several biological
assay systems. In addition, chromosome aberrations including
fragments, dicentics and rings, breaks, and gaps have been
found in workers occupationally exposed to vinyl chloride.
The evidence on its teratogenic and reproductive effects is
equivocal. Minor skeletal abnormalities and increased fetal
death rates have been observed in the offspring of experimental
animals exposed by inhalation to vinyl chloride. In huans,
a significant increase in fetal deaths was seen in women whose
husbands were exposed to vinyl chloride. Also, an excess number
of central nervous system disorders and deformities of the
upper alimentary tract, genital organs, and feet were observed
in stillborn and live children born in cities with vinyl chloride
facilities. However, further research is necessary before
the link between vinyl chloride and these observed effects
can be positively established.

Acute occupational exposure to high concentrations of
vinyl chloride can produce symptoms of narcosis in humans.
Respiratory tract irritation, bronchitis, headache, irrita-

Vinyl chloride
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bility, memory disturbances, and tingling sensations may also
occur. Chronic exposure to vinyl chloride is associated with
multiple systemic disorders, including a sclerotic syndrome,
aco-osteolysis, thrombocytopenia, and liver damage, consist-
ing of damage to parenchymal cells, fibrosis of the liver cap-
sule, periportal fibrosis associated with hepatomegaly, and
splenomegaly. Concentrations encountered by workers in indus-
tries using or producing vinyl chloride are reportedly quite
variable and may range from less than the limit of detection
to several grams per cubic meter.

Acute inhalation exposure of experimental animals to high
concentrations of vinyl chloride can result in na5 cosis and
death. The 2-hour LC value for rats is 390 g/m . Chronic
exposure of experimen~il animals can result in growth disturbances
and histopathological and histochemical lesions in the liver,
kidneys, spleen, and lungs.

Toxicity to Wildlife and Domestic Animals

No information is available concerning the toxicity of
vinyl chloride to domestic animals or wildlife.

Reculation and Standards

Ambient Water Quality Criteria (USEPA):

Acuatic Life

The available data are not adequate for establishing criteria.

Human Eealth

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of vinyl chloride in
water are:

Risk Concentration

0-5 20 pg/liter
10 2.0 pg/liter
10 0.2 pg/liter

CAG Unit Risk (USZA): 1.75x10- 2 (mg/kg/day)"i

OSTA Standards: 26 mg/m 3 'TWA
13 mg/m3/15 min Ceiling Level

ACGIE Threshold Limit Value: Euman carcinogen 10 mg/m 3

Vinyl chloride
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Xylene has been shown to be fetotoxic in rats and mice.
In humans, exposure to high concentrations of xylene adversely
affects the central nervous system and irritates the mucous
aemb rane s.

Backgound nfOrmation

xylene has three isomers, 0--, m-, and p-xylene. These
three generally have similar chemical and biological character-
istics and therefore will be discussed together.

CAS Number: Mixed: 1330-20-7
m-Xvlene: 108-38-3
o-Xylene: 95-47-6
p-Xylene: 106-42-3

Chemical Formula: C 6 H4 ( 3 ) 2

IZPAC Name: Dimethylbenzene

Important Synonyms and Trade Names:

Mixed xylene:
m-Xylene:
o-Xylene:

p-Xylene:

Dimethylbenzene, xylol
1,3-Dimethylbenzene, i-rylol
1,2-Dimethylben=ene, o-xylol
1,4-Dimetbylbenzene, p-rylol

Chemical and Phsical Prcverties

Molecular Weight: 106.17

Boilin; Point: Mixed:
.- Xylene:
o-Xylene:
p-Xylene:

Melting Point: m-Xylene:
o-Xylene:
p-Xylene:

Specific Gravity: 0.86

Solubi1ity in Water:

1.

1.37-140*C
139*C
144*C
138*0

-48 C
-25*C

130 C

160 mg/lIter at 25*C
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Solurility in Organics: Soluble in alcohol, ether, and other
organic solvents

Log Octanol/Water Partition Coefficient: 3

Vapor Pressure: 10 mm Hg at 25'C

Vapor Density; 3.7

Flash Point: 25*c (closed cup)

Transoort and Fate

Volatilization and subsequent photooxidation by reaction
with hydroxyl radicals in the atmosphere are probably important
transport and fate processes for xylene in the upper layer
of soil and in aquatic environments. Products of the hydroxyla-
tion reaction include carbon dioxide, peroxyacetylnitrate (PAN),
and cresol. Xylene binds to sediment in water and to organics
in soils and undergoes microbial degradation. Biodegradation
is probably the most important fate process in both soils and

7 the aquatic environment. Xylenes have been shown to persist
for up to 6 months in- soil. .Because of their low water solubil-
ity and rapid biodegradation, xylenes are unlikely to leach
into groundwater in high concentrations.

Health Effects

The Natibnal Toxicology Program (NTP) is testing xylene
for carcinogenicity by administering it orally to rats and
mice. Although the results have not bien finalized, it. does
not appear to be carcinogenic in rats. Results have not been
reported for mice. Xylene was not found to be mutagenic in
a battery of short-term assays. Xylene is not teratogenic
but has caused fetotoxicity in rats and mice. Acute exposure
to rather high levels of xylene affects the central nervous
system and irritates the mucous membranes. There is limited
evidence of effects on other organ systems, but it was not
possible to attribute these effects solely to xylene as other
solvents were present. The oral LD50 value of xylene in rats
is 5,000 mg/kg.

Toxicity to Wildlife and Domestic Animals

Xylene adversely affected adult trout at concentrations
as low as 3.6 mg/liter in a continuous flow system and trout

W.C. Eastin, NT? Chemical Manager; personal communication, 1984.
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fry avoided xylene at concentrations greater than 0.1 mg/liter.
The LC value in adult trout was determined to be 13.5 mg/liter.
LC V_2 ues for other freshwater fish were around 30 mg/liter
in* static system, which probably underestimated toxicity.
Only a few studies have been done. on the toxicity of xylene
to saltwater species. These indicated that the a- and o-xylene
isomers probably have similar toxicities and are probably less
toxic than p-xylene, and that saltwater species are generally
more susceptible than freshwater species to the detrimental
effects of xylene (LC 5 - 10 mg/liter for m- and c-xylene and
LC - 2 mg/liter for f-xylene). However, it. should be stressed
thRi these generalizations are based on limited data.

No information on the toxicity of zylenes to terrestrial
wildlife and domestic animals was available in the literature
reviewed. However, because of the low acute toxicity of xylenes
it is unlikely that they would be toxic to wild or domestic
birds and mammals.

Reculations and Standards

NIOSH Recommended Standards (air) 435 mg/rm3 TWA
870 mg/m 10-min Ceiling Level

OSHA Standard (air): 435 mg/m3 TWA

RE"N CES

NATIONAL INSTI"UTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSE).
1983. Registry of Toxic Effects of Chemical Substances.
Data. Base. Washington, D.C. October 1983

NATWONAL RESEARC COUNCIL (NRC). 1980. The Alkyl Benrenes.
National Academy Press, Washington, D.C.

U.S. NVIROUNMENTAL PROTECTION AGENCY (USEPA). 1978. Initial
Report of the TSCA Interagency Testing Committee to the
Administrator, Environmental Protection Agency. January
1978. EPA 560-10-78/001

U.S. ENVIROMNMENTL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental Pate of 129 Priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029

U.S. flNVI3ONMENTAL PROTECTION AGENCY (USEPA). 1984. Health
Effects Assessment for Xylene. Final Draft. Environmental
Criteria and Assessment Office, Cincinnati, Ohio.. Sep-
tember 1984. ECAO-CIN-HO06
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zINC

Sumarv

Ingestion of excessive Amounts of zinc can cause fever,
vomiting, and stomach cramps. Zinc oxide fumes can cause metal
fume fever. Inhalation of mists or fumes may irritate the
respiratory tract, and contact with zinc chloride may irritate
the eyes and skin. High levels of zinc in the diet have been
shown to retard growth and produce defective mineralization
of bone.

Backoround Information

Zinc generally exists in nature as a salt with. a valence
of +2, although it is also found in four other stable valences.

CAS Number: 7440-66-6

Chemical Formula: Zn

lUPAC Name: Zinc

Chemical and Physical Prooerties

Atomic Weig:.: 65.38

Boiling Point: 907*C

Melting Point: 419.581C

Specific Gravity: 7.133 at 25'C

Solubility in Water: Insoluble; some salts are soluble

Solubility in Organics: Soluble in acid and alkali

Vapor Pressure: 1 mm Hg at 487*C

?ranswcrt and Fate

Zinc can occur in both. suspended and dissolved forms.
Dissolved zinc may occur as the free (hydrated) zinc ion or
as dissolved complexes and compounds with-varying degrees of
stability and toxicity. Suspended (undissolved) zinc may be
dissolved following minor changes in water chemistry or may
be sorbed to suspended zatter. The predominant fate of zinc
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.n aerobic aquatic Systems is sorption of thle divalent cation
by hydrous iron and manganese oxides, clay minerals, and organic
material. The efficiency of these. materials in removing zinc
from solution varies according to their compositions and concen-
trations; the pR1 and salinity of the water; the concentrations
of complexing ligands; and the concentration of zinc. Concen-
trations of zinc in suspended and bed sediments always exceed
concentrations in ambient water. In reducing environments,
precipitation of zinc sulfide limits the mobility of zinc.
However, under aerobic conditions, precipitation of zinc comp-
ounds is probably important only where zinc is present in high
concentrations. Zinc tends to be more readily sorbed at higher
pH than lower pH and tends to be desorbed from sediments as
salinity increases. Compounds of zinc with the common lijands
of surface-waters are soluble in most neutral and acidic solu-
tions, so that zinc is readily transported in most unpolluted,
relatively organic-free waters.

The relative mobility of zinc in soil is determined by
the same factors affecting its transport in aquatic systems.
Atmospheric transport of zinc is also possible. However, except
near sources such as smelters, zinc concentrations in air are
relatively low and fairly constant.

Since it is an essential nutrient, zinc is strongly bio-
accumulated even in the absence of abnormally high ambient
concentrations. Zinc does not.appear to be biomagnified.
Although zinc is actively bioaccumulated in aquatic systems,
the biota appear to represent a relatively minor sink compared
to the sediments. Zinc is one of the most important metals
in biological systems. Since it is actively bioaccumulated,
the environmental concentrations of zinc ptobably exhibit. sea-
sonal fluctuations.

gealth Effects

Testicular tumors have been produced in rats and chickens
when zinc salts are injected intrazsticularly, but not when
other routes of administration are used. Zinc may be indirectly
iLmportant with regard to cancer since its presence seems to
be necessary for the growth of tumors. Laboratory studies
suggest that although zinc-deficient. animals may be more sus-
ceptible to chemical induction of cancer, tumor growth-is slower
in these animals. There is no evidence that zinc deficiency
has any etiological role in human cancer. There are no data.
available to suggest that zinc is mutagenic or teratogenic
in animals or humans.

Zinc is an essential trace element that is involved in
enzyme functions, protein synthesis, and carbohydrate metabolism.
Ingestion of excessive amounts of zinc may cause. fever, vomiting,
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stomach cramps, and dIarrhea. Fumes of freshly formed zInc
oxide can penetrate deep into the alveoli and cause metal fume
fever. Zinc oxide dust does not produce this disorder. Contact

- with zinc chloride can cause skin and eye irritation. Inhalation
of mists or fumes may irritate the respiratory and gastrointes-
tinal tracts. Zinc in excess of 0.25% in the diet of rats
causes growth retardation, hypochromic anemia, and defective
mineralization of bone. No zinc toxicity is observed at dietary
levels below 0.25%.

Studies with animals and humans indicate that metabolic
changes may occur due to the interaction of zinc and other
metals in the diet. Exposure to cadmium can cause changes
in the distribution of zinc, with increases in the liver and
kidneys, organs where cadmium also accumulates. Excessive
intake of zinc may cause copper deficiencies and result-in
anemia. Interaction of zinc with iron or lead may also lead
W changes that are not produced when the metals are ingested
individually.

Toxicity to Wildlife and Domestic Animals

Zinc produces acute toxicity in freshwater organisms over
a range of concentrations from 90 to 58,100 pg/liter and appears
to be less toxic in harder water. Acute toxicity is similar
for freshwater fish and invertebrates. Chronic toxicity values
range from 47 'to 852 pg/liter and appear to be relatively unaf-
fected by hardness. A final acute-chronic ratio for freshwater
species of 3.0 has been reported. Although most freshater
plants appear to be insensitive to zinc, one species., the alga
Selenastrum cavricornutum, exhibited toxic effects at concen-
tzrations from 30 to 700 pg/liter. Reported acute toxicity
values range from 2,730 to 83,000 pg/liter for saltwater fish
and from 166 to 55,000 pg/liter for invertebrate saltwater
species. Zinc produces chronic toxicity in the mysid shrimp
at 166 pg/liter. The final acute-chronic ratio for saltwater
species is 3.0. Toxic effects are observed in saltwater plant
species at zinc concentrations of 50 to 25,000 pg/liter. Bio-
concentration factors of edible portions of aquatic organisms

. range from 43 for the soft-shell clam to 16,700 for the oyster.

Zinc poisoning has occurred in cattle. In one outbreak,
poisoning was caused by food accidentally contaminated with
zinc at a concentration of 20 g/kg. An estimated intake of
140 g of zinc per cow per day for about 2 days was reported.
The exposed cows exhibited severe enterltis, and some died
or had to be slaughtered. Postmortem findings showed se.vere
pulmonary emphysema with changes in the myocardium, kidneys,
and liver. Zinc concentrations in the liver were extremely
high. Based on relatively limited data, some researchers have
speculated that exposure to excessive amounts of zinc may.
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constitute a hazard to horses. Laboratory studies and findings
in foals living near lead-zinc smelters suggest that excessive
exposure -to zinc may produce bone changes, joint afflictions,
and lameness. In pigs given dietary zinc at concentrations
greater than 1,000 mg/kg, decreased food intake and weight
gain were observed. At dietary levels greater than 2,000 mg/kg,
deaths occurred as soon as 2 weeks after exposure. Severe
gastrointestinal changes and brain damage, both of which were
accompanied by hemorrhages, were observed, as well as changes
in the joints. High concentrations of zinc were found in the
liver.

Reoulations and Standards

Ambient Water Quality- Criteria (USEPA):

. Aqu-atic Life

Freshwater

Acute toxicity: e(0.83[ln(hardness)I + 1.95) pg/liter
Chronic toxicity: 47 pg/liter

Saltwater

Acute toxicity: 170 pg/liter
Chronic toxicity: .58 pg/liter

Huan Health

Organoleptic criterion: 5 mg/liter

Secondary Drinking Water S-tandard: FL mg/liter

4IOSH Recommended Standard: 5 mg/m3 (zinc oxide)

OSEA S-tandard: 5 mg/m3 TWA (zinc oxide)

ACGIH Threshold Limit.Values:

Zinc chloride fume: I mg/r TWA

Zinc oxide fume: 5 mg/rn TWA

10 mg/m STEL

Zinc oxide dust: 10 mg/M3 -TWA (nuisance particulate)

Zinc stearate: 10 mg/m3 TWA (nuisance particulate)

20 mg/m3 ST=
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TOXICOLOGICAL PROFILE FOR CYANIDE

1.00 GENERAL

Cyanides are a group of organic and inorganic compounds that
contain the cyano (CN) group. Free cyanide is defined as the sum
of cyanide present as HCN and CN~. Few organic cyanides or
nitriles dissociate to yield CN~ or HCN. Alkali cyanides,
including NaCN and KCN, are white, deliquescent, non-combustible
solids which have a faint odor of bitter almonds. Sodium and
potassium cyanides are used in the extraction of gold and silver
ores; electroplating; metal cleaning; as insecticides and
fumigants; in heat treatment of metals; as raw materials in the
manufacture of dyes, pigments, nylon, and chelating agents.
Calcium cyanide, the other cyanide of major commercial
importance, is used chiefly as a fumigant, since it readily
releases HCN when exposed to air.

2.00 TOXICOKINETICS

2.10 Absorption

Free cyanides are absorbed readily from the lungs, the
gastrointestinal tract and the skin by both animals and
humans. Inhalation exposure to hydrogen cyanide (HCN)
provides the most rapid route of entry.

Dogs treated with potassium cyanide (KCN) at single gavage
doses equivalent to 20,50, and 100 mg HCN (1.57, 4.42, or
8.40 mg HCN/kg body weight) absorbed 72%, 24%, and 16.6%
through the GI tract, respectively. The dogs died within
155, 21, and 8 minutes after dosing, respectively.

2.20 Distribution

2.21 Human

Once cyanide is absorbed, it is distributed rapidly
throughout the body by the bloodstream; however,
distribution patterns vary with route of exposure. After
ingestion of fatal doses of cyanide, high levels of
cyanide were found in the brain and liver.

2.22 Animal

When radiolabeled KCN (5 mg/kg) was administered orally to
rats over 24 hours, a rapid decline of radioactivity from
whole blood and plasma was observed, while a small



increase in radioactivity levels was found in
erythrocytes. The majority of the radioactivity in the W

erythrocytes was found in the hemolysate.

Rats on oral (gavage) exposure to NaCN (7 and 21 mg CN/kg
bodyweight) showed higher levels of cyanide in the lungs
and liver as compared to blood levels.

Cyanide does not appear to accumulate in blood and tissues
following chronic oral exposure. Virtually no cyanide was
found in the plasma or kidneys of rats treated with
dietary concentrations of 100 and 300 ppm for two years.
Low levels were found in erythrocytes (mean = 1.97 ug).
Increased levels of thiocyanate were found in plasma (1123
ug), erythrocytes (246 ug), liver (665 ug), and kidneys
(1188).

2.30 Metabolism

Cyanide is metabolized extensively in the liver,
indicating that the only relevant route of exposure is
through ingestion and other oral pathways.

The enzyme rhodanese, a sulfur transferase enzyme, is able
to convert cyanide to thiocyanate. If the thiocyanate is
not readily excreted in the urine, then it may be
partially reconverted to cyanide by thiocyanate oxidase.
The toxicity of thiocyanate is significantly less than
that of cyanide, but chronically elevated levels of blood
thiocyanate can inhibit the uptake of iodine by the
thyroid gland and reduce thereby the formation of
thyroxine.

Minor metabolic pathways include its oxidation to formate
and its conjugation with cysteine to form 2-
iminothiazolidine-4-carboxylic acid.

2.40 Elimination

If the concentration of cyanide ion is not so great as to
cause death, then it is released from its combination with
the ferric iron of cytochrome oxidase, converted to
thiocyanate ion (SCN~), and excreted in the urine.

Some free hydrogen cyanide is excreted unchanged in
breath, saliva, sweat, and urine.

3.00 TOXICITY -- MECHANISM OF TOXIC ACTION SUMMARY

Cyanide readily forms relatively stable complexes with a
number of biologically active metal ions. The most
important of these reactions appears to be the interaction
of cyanide with Fe 3 + in cytochrome oxidase, which results



Transport and Fate

Chlorobenzene is probably removed from surface water pri-
marily by volatilization, although adsorption and bioaccumulation

may also be factors. Monochlorobenzene would be expected to
move slowly in soil because of its high octanol/water partition
coefficient and consequent adsorption to soil organic material.

Health Effects

A study of the carcinogenicity of chlorobenzene was recently
completed by the National Toxicology Program and preliminary
results show that chlorobenzene caused neoplastic nodules in
the liver of male rats but was not carcinogenic in female rats
or in mice.

Occupational studies suggest that chronic exposure to
monochlorobenzene vapor may cause blood dyscrasia, hyperlipide-
mia, and cardiac dysfunction in humans. Like many organic
solvents, monochlorobenzene is a central nervous system depres-
sant in overexposed humans, but no chronic neurotoxic effects
have been reported. Animals exposed to chlorobenzene have
exhibited liver and kidney damage and atrophy of the seminiferous
tubules in the testes. The oral LD50 value for rats was 2910 mg/kg.

Toxicity to Wildlife and Domestic Animals

Chlorobenzene was acutely toxic to fish at levels greater
than 25 mg/liter and to aquatic invertebrates at levels greater
than 10 mg/liter. No chronic studies on the toxicity of chloro-
benzene to aquatic life were found in the literature reviewed.
Monochlorobenzene was shown to have a bioaccumulation factor
of about 1,000 in freshwater species. No studies on terrestrial
wildlife or domestic animals were reported in the literature
reviewed.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

Aquatic Life

The available data are not adequate for establishing criteria.

Human Health

Health criterion: 488 pg/liter
Organoleptic criterion: 20 pg/liter

Chlorobenzene
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OSIlA Standard (air): 350 mg/m TWA

ACGIH Threshold Limit Value: 350 mg/m3 TWA
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CHLOROBENZENE

Summary

Chlorobenzene is used as a solvent and as a raw material
in chemical manufacturing. It is persistent in the environment

and, can be adsorbed to organic material in soil. Chlorobenzene
may cause liver tumors in male mice. Animals exposed to chloro-

benzene have exhibited liver and kidney damage. Chlorobenzene
is not very toxic to aquatic organisms; none of the LCsn values

are less than 10 mg/liter.

CAS Number: 108-90-7

Chemical Formula: C6 H5 C

IUPAC Name: Chlorobenzene

Important Synonyms and Trade Names: Monochlorobenzene, benzene
chloride, phenyl chloride

Chemical and Physical Properties

Molecular Weight: 112.6

Boiling Point: 131*C

Melting Point: -46 0 C

specific Gravity: 1.11 at 209C (liquid)

Solubility in Water: 500 mg/liter

Solubility in Organics: Soluble in alcohol, benzene, chloroform,
ether, and carbon tetrachloride

Log Octanol/Water Partition Coefficient: 2.83

Vapor Pressure: 8.8 mm Hg at 20*C

Vapor Density: 3.88

Henry's Law Constant: 3.56 x 10-3 atm m 3/mole at 25C.

Flash Point: 28*C

Chlorobenzene
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Toxicity to Wili fe ar._ amestic Animals

The EC values for benzene in a variety of invertebrate
and vertebre freshwater aquatic species range from 5,300 pg/liter
to 386,000 pg/liter (USEPA 1980). However, only values for
the rainbow trout (5,300 pg/liter) were obtained from a flow
through test and were based on measured concentrations. Results
based on unmeasured concentrations in static tests are likely
to underestimate toxicity for relatively volatile compounds
like benzene. A chronic test with Zachnia macna was incomplete,
with no adverse effects observed at test concentrations as
high as 98,000 pg/liter.

For saltwater species, acute values for one fish and five
invertebrate species range from 10,900 pg/liter to 924,000 pg/liter.
Freshwater and saltwater plant species that have been studied
exhibit toxic effects at benzene concentrations ranging from
20,000 wg/liter to 525,000 pg/liter.

Reculations and Standards

Amient Water Quality Criteria (USEPA):

Acuatic Life

The available data are not adequate for establishing criteria.
-However, EPA did reporl-the lowest concentrations of benzene-
known to cause toxic effects in aquatic organisms.

Freshwater

Acute toxicity: 5,300 pg/liter
Chronic toxicity: No available data

Saltwater

Acute tcxicity: 5,100 pg/liter
Chronic toxicity: No available data

Suzan Health.

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of benzene in water
are:

Risk Concentration

10_ 6.6 pg/liter
107 0.66 pg/liter
10 0.066 pg/liter

Benzene
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CAC Unit Risk (USEPA): 2.9%10-2 (mg/kg/day) 1i

OSKA Standards: 30 mg/m 3 TWA
75 mg/ 3Ceiling Level
130 mg/m 10-min Peak Level

ACCIB Threshold Limit.Values: Suspect9 d human carcinogen
30 mg/m 3 TWA
75 mg/m STE.
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BENZENE

Summarv

Benrene is an Important industrial solvent and chemical
intermediate. It is rather volatile, and atmospheric photooxi-
dation is probably an important fate process. Senzene is a
known human carcinogen, causing leukemia in exposed individuals.
It also adversely affects the hematopoietic system. Benzene
has been shown to be fetotoxic and to cause embryoleThality
in experimental animals. Exposure tw high concentrations of
benzene in the air causes central nervous system depression
and cardiovascular effects, and dermal exposure may cause derma-
titis.

CAS Number: 71-43-2

IUPAC Name: Benrene

Chemical Formula: C 6A 6

Chemical and Phvsical Prooerties

- Molecular Weight: 78.12

Boiling Point: 80.1*C

Melting Point: 5.56*C

Specific Gravity: 2.879 at 20*C

Solubility in water: 1,780 mg/liter at 25"C

Solubility in Organics: Kiscible with ethanol, ether, acetic
acid, acetone, chlcrofc:m, carbon '
disulfide, and carbon tetrachloride

Log Octanol/Water Partition Coefficient: 1.95-2.13

Vapor Pressure: 75 mm Eg at 20*C

Vapor Density: 2.77

Flash Point: -ll.1*C
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Transoort and ra te

Volatilization appears to be the major transport process
of benzene from surface waters to the ambient air, and atmos-
pheric transport of benzene occurs readily (SEPA 1979). Al-
though direct oxidation of benzene in environmental waters
is unlikely, cloud chamber data indicate that it.. may be photo-
oxidized rapidly in the atmosphere. Inasmuch as volatilization
is likely to be the main transport process accounting for the
removal of benzene from water, the atmospheric destruction
of -benzene is probably the most likely fate process. Values
for benzene's log octanol/water partition coefficient indicate
that adsorption onto organic material may be significant under
conditions of constant exposure. Sorption processes are likely
removal mechanisms in both surface water and groundwater.
Although the bioaccumulation potential for benzene appears
to be low, gradual biodegradation by a variety of microorganisms
probably occurs. The rate of benzene biodegradation may be
enhanced'by the presence of other hydrocarbons.

Health Effects

Benrene is a recognized human carcinogen (lARZ 1982).
Several epidemiological studies provide sufficient evidence
of a causal relationship between benzene exposure and leukemia
in humans. Benzene is a known inducer of aplastic anemia in
humans, with a latent period of up to 10 years. It produces
leukopenia and thrombocytopenia, which may progress to pancyto-
penia. Similar adverse effects on the blood-cell-producing
system occur in animals exposed to benzene. In both humans
and animals, benzene exposure is associated with chromosomal
damage, although it is not mutagenic in microorganisms. Benzene
was etotoxi: and caused embryolethality in experimental animals.

Exposure to very high concentrations of benzene [about
20,000 ppm (66,000 mg/m. ) in airl can be fatal within minutes
(IARC 1982). The prominent signs are central nervous system
depression and convulsions, with death usually following as
a consequence of cardiovascular collapse. Milder exposures
can produce vertigo, drowiiness, headache, nausea, and eventually
unconsciousness if exposure continues. Deaths from cardiac
sensitization and cardiac arrhythmias have also been reported
after exposure to unknown concentrations. Although most benzene
hazards are associated with inhalation exposure, dermal absorp-
tion of liquid benzene may occur, and prolonged or repeated
skin contact may produce blistering, erythema, and a dry, scaly
dermatitis.

Benzene
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does not appear to increase greatly with chronic exposure,
and it does not seem that arsenic is bioconcentrated to a great
degree.

Arsenic poisoning is a rare but not uncommon toxic syndrome

among domestic animals. Arsenic causes byperemia and edema

of the gastrointestinal tract, hemorrhage of the cardiac serosal

surfaces and peritoneum, and pulmonary congestion and edema;
and it may cause liver necrosis. Information on arsenic toxicity

to terrestrial wildlife was not reported in the literature

reviewed.

Reculations and Standards

Ambient Water Quality Criteria (USEPA):

Aauatic Life

Freshwater

Acute toxicity: 440 pg/liter
Chronic toxicity: No available data

Saltwater

Acute toxicity: 508 pg/liter
Chronic toxicity: No available data

Human Eealth

stimates of the carcinogenic risks associated with lifetime

exposure to various concentrations of arsenic in water
are:

Risk Concentration

10-5 22 ng/liter
10~ 2.2 ng/liter
10' 0.22 ng/liter

CAG Unit Risk (USEA): 15 (mg/kg/day)"

National Interim Primary Drinking Water Standard (USEPA):
50 pg/liter

NIOSH Recommended Standard (air): 2 pg/m3 Ceiling Level

OSEA Standard (air): 500 pg/m3rWA

ACGIB Threshold Limit value: 200 pg/m3 (soluble compounds,
as As)

Arsenic
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ARSENIC

s umma:rv

Arsenic is a metal that is present in the environment
as a constituent of organic and inorganic compounds; it also
occurs in a number of valence states. Arsenic is generally
rather mobile in the natural environment, with the degree of
mobility dependent on its chemical form and the properties
of-the surrounding medium. Arsenic is a human carcinogen;
it causes skin tumors when it is ingested and lung tumors when
it is inhaled. Arsenic compounds are teratogenic and have
adverse reproductive effects in animals. Chronic exposure
to arsenic is associated with polyneuropathy and skin lesions.
It is acutely toxic to some early life stages of aquatic organisms
at levels as low as 40 pg/liter.

Backzround :nformation

Arsenic can be found in the environment in any of four
valence states (-3, 0, +3, and +5) depending on the pH, Zh,
and other factors. It can exist as either inorganic or organic
compounds and often will change forms as it moves through the
various media.. The chemical and physical properties depend on
the state of the metalloid.. only the properties of metallic
arsenic have been listed; properties of other arsenic compounds
are often quite different.

CAS Number: 7440-28-2

Chenical ?orula: As

Z7?AC Name: Arsenic

Chemical and Physical promerties

Atoic Weight: 74.91

Boiling Point: 613*C

Melting Point: 817*C

Spec!fic Gravity: 5.72 at 20*C
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solubility in Water: Insoluble; some salts are soluble

Transport and Fate

In the natural environment, arsenic has four different
oxidation states, and chemical speciation is important in deter-
tining arsenic's distribution and mobility. Interconversions
of the +3 and +5 states as well as organic complexation, are
the.-most important. Arsenic is generally quite mobile in the
environment. In the aquatic environment, volatilization is
important when biological activity or highly reducing conditions
produce arsine or methylarsenics. Sorption by the sediment
is an important fate for the chemical. Arsenic is metabolized
to organic arsenicals by a number of organisms; this increases
arsenic's mobility in the environment. Because of its general
mobility, arsenic tends to cycle through the environment.
its ultimate fate is probably the deep ocean, but it may pass
through numerous stages before finally reaching the sea.

Health Effects

Arsenic has been implicated in the production of skin
cancer in humans. There is also extensive evidence that inha-
lation of arsenic compounds causes lung cancer in workers.
Arsenic compounds cause Eb'romosome damage in animals, and humans
exposed to arsenic compounds have been reported to have an
elevated incidence of chromosome aberrations. Arsenic compounds
have been reported to be teratogenic, fetotoxic, and embryotoxic
in several animal species, and an increased incidence of multiple
malformations among children born to women occupationally exposed
to arsenic has been reported. Arsenic compounds also cause
noncancerous, possibly precancerous, skin changes in exposed
individuals. Several cases of progressive polyneuropathy in-
volving motor and sensory nerves and particularly affecting
the extremities and myelinated long-axon neurons have been
reported in individuals occupationally exposed to inorganic
arsenic. Polyneuropathies- have also been reported after the
ingestion of arsenic-contaminated foods.

Toxicity to wildlife and Domestic Animals

Various inorganic forms of arsenic appear to have similar
levels of toxicity; they all seem to be much more toxic than
organic forms. Acute toxicity to adult freshwater animals
occurs at levels of arsenic trioxide as low as 812 pg/liter
and at levels as low as 40 pg/liter in early life stages of
aquatic organisms. Acute toxicity to saltwater fish occurs
at levels around 15 mg/liter, while some invertebrates are
affected at much lower levels (508 pg/liter). Arsenic toxicity
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APPENDIX L

LIST OF OBSERVED AND POTENTIAL FISH AND WILDLIFE SPECIES

The following table lists fish and wildlife species that were
observed or could potentially be found in the area of the General
Electric property in Wilmington and North Reading, Massachusetts.
Fish and wildlife species may utilize these areas for feeding,
breeding, nesting, cover, or overwintering. This list is not
comprehensive, i.e., it does not list all of the fish and
wildlife species that may utilize the area, but rather contains a
representative sample of those species that would most likely be
found in the area based on their life history and habitat
requirements. This list is based on information presented in New
England Wildlife: Habitat, Natural History, and Distribution.
1986. R.M. DeGraaf and D.D. Rudis. USDA. Northeastern Forest
Exp. Stn. Gen. Tech. Rep. Fisheries information was provided by
biologists from the Massachusetts Division of Fisheries and
Wildlife.

Common Name Latin Name Observed Potential

BIRDS

WADING BIRDS: Ciconiiformes

Great Blue Heron Ardea herodias
Green-backed Heron Butorides striatus

WATERFOWL:

Canada Goose
Wood Duck
Green-winged Teal
American Black Duck
Mallard
Blue-winged Teal
Gadwall

HAWKS:

Anseriformes

Branta canadensis
Aix sponsa
Anas crecca
Anas rubripes
Anas platvrhvnchos
Anas discors
Anas strepera

Falconiformes

Sharp-shinned Hawk
Red-shouldered Hawk
Broad-winged Hawk
Red-tailed Hawk
American Kestral

Accipiter striatus
Buteo lineatus
Buteo platypterus
Buteo iamaicensis
Falco sparverius

X
X

X
X
X
X
X
X
X

X
X
X
X
X



Common Name

RAILS:

Virginia Rail
Sora.

SHOREBIRDS:

Spotted Sandpiper
Common Snipe
American Woodcock

PIGEONS AND DOVES:

Latin Name

Gruiformes

Rallus limicola
Porzana carolina

Charadriiformes

Actitis macularia
Gallinago gallinago
Scolopax minor

Observed Potential

x

x

x

X

X

Columbiformes

Mourning Dove Zenaida macroura

CUCKOOS AND ALLIES: Cuculiformes

Black-billed Cuckoo Coccvzus erythroptha
Yellow-billed Coccyzus americanus
Cuckoo

OWLS: Strigiformes

Eastern Screech Owl Otus asio
Great Horned Owl Bubo virginianus
Barred Owl Strix varia

SWIFTS AND HUMMINGBIRDS: Apodiformes

Chimney Swift Chaetura palagica
Ruby-throated Archilochus colubris
Hummingbird

KINGFISHERS: Coraciiformes

Belted Kingfisher Ceryle alcyon

WOODPECKERS: Piciformes

Downy Woodpecker Picoides pubescens
Hairy Woodpecker Picoides villosus
Northern Flicker Colaptes auratus

x

lmus x
x

x
x
x

x
x

x
x

X



Common Name

PERCHING BIRDS:

Eastern Wood Pewee
Alder Flycatcher
Willow Flycatcher
Least Flycatcher
Eastern Phoebe
Great Crested
Flycatcher
Eastern Kingbird
Tree Swallow
Barn Swallow
Blue Jay
American Crow
Black-capped
Chickadee
Tufted Titmouse
Red-breasted

Nuthatch
White-breasted

Nuthatch
Brown Creeper
House Wren
Winter Wren
Marsh Wren
Golden-crowned

Kinglet
Ruby-crowned

Kinglet
Blue-gray
Gnatcatcher

Veery
Swainson's Thrush
Hermit Thrush
Wood Thrush
American Robin
Gray Catbird
Northern Mocking-
bird

Brown Thrasher
Cedar Waxwing
European Starling
Solitary Vireo
Warbling Vireo
Red-eyed Vireo
Blue-winged Warbler
Yellow Warbler
Chestnut-sided
Warbler

Passeriformes

Contopus virens
Empidonax alnorum
Empidonax trailli
Empidonax minimus
Savornis phoebe
Myiarchus crinitus

Tyrannus tyrannus
Tachycineta bicolor
Hirundo rustica.
Cyanocitta cristata
Corvus brachyrhynchos
.Parus atricapillus

Parus bicolor
Sitta canadensis

Sitta carolinensis

Certhia americana
Troglodytes aedon
Troglodytes troglodytes
Cistothorus palustris
Regulus satrapa

Regulus calendula

Poliopta caerulea

Catharus fuscescens
Catharus ustulatus
.Catharus quttatus
Hylocichla mustelina
Turdus migratorius
Dumetella carolinensis
Mimus polyglottos

Toxostoma rufum
Bombycilla cedrodum
Sturnus vulgaris
Vireo solitarius
Vireo gilvus
Vireo olivaceus
Vermivora ninus
Dendroica petechia.
Dendroica pensylvanica

x
X
X
X
X
X

X
X
X

X
x
X

X
X

x

X

X
X
X
X
X

X

X

X
X
X
X

X
X

X
X

X
X
X
X
X
X

X

PotentialLatin Name observed



Common Name

PERCHING BIRDS: (c

Magnolia Warbler
Cape May Warbler
Black-throated
Blue Warbler

Yellow-rumped
Warbler

Black-throated
Green Warbler

Blackburnian
Warbler

Prairie Warbler
Palm Warbler
Blackpoll Warbler
Black-and-white
Warbler

American Redstart
Ovenbird
Northern Water-

thrush
Louisiana Water-
thrush

Common Yellowthroat
Wilson's Warbler
Canada Warbler
Scarlet Tanager
Northern Cardinal
Rose-breasted
Grosbeak

Indigo Bunting
Rufous-sided Towhee
American Tree

Sparrow
Chipping Sparrow
Field Sparrow
Fox Sparrow
Song Sparrow
Swamp Sparrow
White-throated

Sparrow
Dark-eyed Junco
Red-winged Black-

bird
Common Grackle
Brown-headed

Cowbird
Northern Oriole
House Finch
American Goldfinch
House Sparrow

Latin Name Observed

ontinued)

Dendroica magnolia
Dendroica tigrina
Dendroica caerulescens

Dendroica coronata

Dendroica virens.

Dendroica fusca

Dendroica discolor
Dendroica palmarum
Dendroica striata
Mniotilta varia

Setophaga ruticilla
Seiurus aurocapillus
Seiurus noveboracensis

Seiurus motacilla

Geothlypis trichas
Wilsonia pusilla
Wilsonia canadensis
Piranga olivacea
Cardinalis cardinalis
Pheucticus ludovicianus

Passerina cyanea
Pipilo erythrophthalmus
Spizella arborea

Spizella passerina
Spizella pusilla
Passerella iliaca
Melospiza melodia
Melospiza ceorgiana
Zonotrichia albicollis

Junco hymalis.
Acelaius phoeniceus

Quiscalus quiscala
Molothrus ater

Icterus galbula
Carpodacus mexicanus.
Carduelis tristus
Passer domesticus,

Potential

X
X
X

X

X

X

X
X
X
X

X
X
X

X

X
X
X
X
X
X

X
X
X

X
-X
X
X

-X
X

X

X

X

X
X

X
X

X



Latin Name Observed

MAMMALS

POUCHED MAMMALS:

Opossum

INSECT-EATERS:

Masked Shrew
Short-tailed Shrew
Star-nosed Mole

Marsupialia

Didelphis virciniana

Insectivora

Sorex cinereus
Blarina brevicauda
Condylura cristata

Chiroptera

Little Brown Myotis
Keen's Myotis
Silver-haired Bat
Eastern Pipistrelle
Big Brown Bat
Red Bat

HARES AND RABBITS:

Eastern Cottontail

RODENTS:

Eastern Chipmunk
Woodchuck
Gray Squirrel
Southern Flying
Squirrel

White-footed Mouse
Meadow Vole
Woodland Vole
Muskrat
Norway Rat
House Mouse
Meadow Jumping

Mouse

FLESH-EATERS:

Raccoon
Ermine
Long-tailed Weasel
Mink
Striped Skunk

Myotis lucifucrus
Myotis keenii
Lasionycteris noctivagans
Pipistrellus subflavus
Eptesicus fuscus
Lasiurus borealis

Lagomorpha

Sylvilaqus floridanus

Rodentia

Tamias striatus
Marmota monax
Sciurus carolinensis
Glaucomys volans

Peromyscus leucopus
Microtus pennsylvanicus
Microtus pinetorum
Ondatra zibethicus
Rattus norvegicus
Mus musculus
Zapus hudsonius

Carnivora

Procyon lotor
Mustela erminea
Mustela frenata
Mustela vison
Mephitis mephitis

BATS:

x

x
x
x

x
x
x
x
x
x

x

x
x
x
x

x
x
x
x
x
x
x

x
x
x
x
x

PotentialCommon Name



Common Name

AMPHIBIANS

SALAMANDERS:

Red-spotted Newt
Redback Salamander

TOADS AND FROGS:

Eastern American
Toad

Northern Spring
Peeper

Gray Treefrog
Bullfrog
Green Frog
Wood Frog
Pickeral Frog

REPTILES

TURTLES:

Common Snapping
Turtle

Eastern Painted
Turtle

SNAKES:

Northern Water
Snake

Northern Brown
Snake

Northern Redbelly
Snake

Eastern Garter
Snake

Eastern Ribbon
Snake

Northern Black
Racer

Eastern Smooth
Green Snake

Eastern Milk Snake

Latin Name Observed

Caudata

Notophthalmus viridescens
Plethodon cinereus

Anura

Bufo americanus

Hyla crucifer

Hvla versicolor
Rana catesbeiana
Rana clamitans
Rana sylvatica
Rana palustris

Testudines

Chelydra serpentina

Chrysemys picta picta

Serpentes

Nerodia sipedon

Storeria dekayi

Storeria occipitomaculata

Thamnophis sirtalis

Thamnophis sauritus

Coluber constrictor

Opheodrys vernalis

Lampropeltis triangulum

Potential

x
Ix

IX

x

x

X
x
X
x
x

x

x

X

-X

X

x

X

x

X

X



LIST OF FISH SPECIES
FOUND IN THE IPSWICH RIVER IN THE VICINITY OF THE SITE

(listed from most common to least common)

Latin Name

Redfin Pickeral
Pumpkinseed Sunfish
Yellow Perch
Golden Shiner
Chain Pickeral
Creek Chubsucker
White Sucker
Banded Sunfish
Brown Trout

(stocked)
Rainbow Trout

(stocked)
Brown Bullhead
Bluegill Sunfish

(introduced)
Large-mouth Bass

(introduced)

Esox americanus
Lepomis gibbosus
Perca glavescens
Notemigonus crysoleucas
Esox niger
Semotilus atromaculatus
Catostomus commersoni
Lepomis sp.
Salmo trutta

Salmo gairdneri

Ictalurus nebulosus
Lepomis macrochius

Micropterus salmoides

Source: David Halliwell, Massachusetts Division of Fisheries &
Wildlife.

Common Name
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DEC I5 1989t Massachusetts
Natural Heritage

S4 Program
1 December 1989

Charlotte M. Cogswell
Goldberg Zonino & Associates, Inc.
320 Needham Street
Newton Upper Falls, MA 02164

RE: General Electric Plant
50 Fordhlm Road

Wilmington, MA

Dear Sir or Madam.

Thank you for contacting the Natural Heritage and Endangered Species
Program regarding rare species and ecologically significant natural
communities in the vicinity of the project referenced above.

At this time, we are not aware of any rare plants or animals or
ecologically significant natural communities that would be affected by the
proposed project.

If your project plans change, or if additional fieldwork and research
results in an update of our database, this evaluation may require
reconsideration.

Sincerely,

* - /

Jay Copeland
Environmental Reviewer

JC/jc

cc: town file, chrono file

Division of Fisheries and Wildlife 100 Cambridge Street, Boston, Mass. 02202 (617) 727-9194,-3151
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APPENDIX N

WETLAND COVER TYPE SUMMARIES

N.1: RED MAPLE SWAMP
COVER TYPE: Palustrine Forested/Scrub Shrub

Topography:

Gradually sloping areas with hummocks. Gradual swales run from
northwest to southeast toward the Ipswich River.

Hydrologic Characteristics:

Semi-permanent pools are present throughout the forested wetland.
During the October and November 1989 site inspections, there was
0 to 12 inches of water present in the pools.

Plant Community Characteristics:

Tree Cover: 30 to 80 percent coverage by red maples which are
50 to 75 feet tall and 6 to 9 inches in diameter.

Shrub Cover: 10 to 90 percent coverage by highbush blueberry,
sweet pepperbush, European buckthorn, swamp
azalea, speckled alder, winterberry, and arrow-
wood which are 6 to 7 feet tall.

Herbaceous Cover: 10 to 25 percent coverage by lady fern,
cinnamon fern, sedges, sensitive fern,
cattail, and tussock sedge.

Standing Dead Trees and Ground Cover:

Dead Trees: Present throughout most of the cover type.

Tree Cavities: Several observed, 2 to 4 inches in diameter.

Ground litter cover: 100 percent cover, one half inch deep.

Woody Debris: 5 percent coverage by branches and logs.

Adiacent Cover Types:

Areas of Forested/Scrub Shrub border developed areas, roads,
upland woods, ponds, and scrub shrub wetlands.



N.2: SHRUB SWAMP
COVER TYPE: Palustrine Scrub Shrub

Topography:

Gradually sloping areas with some depressions.

Hydrologic Characteristics:

Semi-permanent pools are present throughout the scrub shrub
wetland. During the October and November 1989 site inspections,
there was 0 to 8 inches of water present in the pools.

Plant Community Characteristics:

Tree Cover: 20 percent coverage by red maples which are 50 to
80 feet tall and 8 to 9 inches in diameter.

Shrub Cover: 20 to 80 percent coverage by highbush blueberry,
sweet pepperbush, European buckthorn, swamp
azalea, speckled alder, and grey-stemmed dogwood
which are 5 to 8 feet tall.

Herbaceous Cover: 5 to 25 percent coverage by lady fern,
cinnamon fern, cattail, and tussock sedge.

Aquatic Vegetation: duckweed present in the pools of standing
water.

Standing Dead Trees and Ground Cover:

Dead Trees: Present throughout most of the cover type.

Tree Cavities: Cavities present, 1 to 2 inches in diameter.

Ground litter cover: 60 percent cover, one-half inch deep.

Woody Debris: 5 percent coverage by branches and logs.

Adiacent Cover Types:

Areas of Scrub Shrub border developed areas, roads, and scrub
shrub/emergent wetlands.



N.3: SHRUB SWAMP/SHALLOW MARSH
COVER TYPE: Palustrine Scrub Shrub/Emergent

Topography:

Gradually sloping areas with some depressions.

Hydrologic Characteristics:

Permanent and semi-permanent pools are present within the scrub
shrub/emergent wetlands. Sections of this cover type border the
Ipswich River. During the October and November 1989 site
inspections, there was 0 to 8 inches of water present in the
pools. Deeper water was present along the river. Over
10 percent open water is present within areas of the cover type.

Plant Community Characteristics:

Tree Cover: 0 to 10 percent coverage by red maples which are
up to 75 feet tall and 8 inches in diameter.

Shrub Cover: 5 to 40 percent coverage by highbush blueberry,
sweet pepperbush, swamp azalea, speckled alder,
willow, and buttonbush which are 3 to 7 feet tall.

Herbaceous Cover: 35 to 90 percent coverage by purple
loosestrife, wetland grasses, wool grass,
cattail, and tussock sedge.

Standing Dead Trees and Ground Cover:

Dead Trees: Abundant in the wetland adjacent to the ponds.
Absent from other areas.

Tree Cavities: Cavities present, 2 to 4 inches in diameter.

Ground litter cover: 0 to 70 percent cover, one-half inch deep.

Woody Debris: 0 to 10 percent coverage by branches and logs.

Adjacent Cover Types:

Areas of Scrub Shrub/Emergent border developed areas, a gravel
pit, roads, ponds, the Ipswich River, forested/scrub shrub
wetlands, and scrub shrub wetlands.



N.4: PONDS (FURBISH POND AND PONDING AREAS)
COVER TYPE: Palustrine Open Water

Topography:

Furbish Pond is approximately 80 feet x 200 feet and a second

unnamed pond is approximately 80 feet x 80 feet.

Hydrologic Characteristics:

Permanent ponds. The water was observed to be clear, but it was

not possible to determine their depth.

Plant Community Characteristics:

Tree Cover: Larch trees are present along the edge of Furbish
Pond.

Shrub Cover: The shore line of the ponds is vegetated with
highbush blueberry, sweet pepperbush, and swamp
azalea.

Herbaceous Cover: Water willow and cattail were observed
growing along the pond shores.

Standing Dead Trees and Ground Cover:

Dead Trees: Some dead trees are present along the edge of
Furbish Pond.

Underwater litter cover: 0 to 33 percent coverage.

Woody Debris Protruding Above Water: 1 to 33 percent coverage by

branches and logs.

Adjacent Cover Types:

Areas of Open Water border forested/scrub shrub wetlands, scrub
shrub wetlands, scrub shrub/emergent wetlands, and upland bermed
areas.



APPENDIX 0

PHOTOGRAPHS OF WETLAND COVER TYPES
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APPENDIX P

LIST OF PLANT SPECIES OBSERVED DURING THE
FIELD INSPECTION OF THE SURROUNDING WETLANDS



APPENDIX P

LIST OF PLANT SPECIES OBSERVED DURING THE FIELD INSPECTION OF
THE SURROUNDING WETLANDS

Species are classified by, their frequency of occurence in
wetlands versus uplands, based .on the U.S. Fish and Wildlife
Service 1988 National Wetlands,: inventory categories. Obligate
species (OBL) are always found in wetlands under natural
conditions (frequency greater than 99%). Facultative wetland
species (FACW) are usually -found in wetlands (67-99% frequency).
Facultative species (FAC) are sometimes found in wetlands(34-66%
frequency) ,and facultative upland species are seldom found in
wetlands (1-33% frequency). If a species does not occur in
wetlands, it is not on the National Wetlands Inventory List. A
plus sign (+) indicates -frequency on the high end of the
category; a negative sign (-) indicates lower frequency.

COMMON NAME SCIENTIFIC NAME FWS INDICATOR STATUS

Trees

Ash
Gray Birch
Hemlock
Large-Toothed Poplar
Quaking Aspen
Red Cedar
Red Maple
Red Oak
White Pine
White Oak

Fraxinus sp.
Betula populifolia
Tsuga canadensis
Populus grandidentata
Populus tremula
Juniperus virginiana
Acer rubrum
Quercus borealis
Pinus strobus
Quercus alba

Shrubs

American Hazelnut
Arrow-Wood
Black Cherry
Buttonbush
European Buckthorn
Gray-stemmed Dogwood
Highbush Blackberry
Highbush Blueberry
Maple-leaved Viburnum
Meadowsweet
Poison Ivy
Speckled Alder
Steeplebush
Swamp Azalea
Sweet Pepperbush
Willow
Winterberry
Witch-Hazel

Corylus americana
Viburnum recoctnitum
Prunus serotina
Cephalanthus occidentalis
Rhamnus francrula
Cornus foemina
Rubus allegheniensis
Vaccinium corytbosum
Viburnum acerifolium
Spiraea latifolia
Toxicodendron radicans
Alnus incana
Spirea tomentosa
Rhododendron viscosum
Clethra alnifolia
Salicaceae
Ilex verticillata
Hamamelis virginiana

FAC
FACU
FACU-
FACU
FACU
FAC

FACU
FACU-

FACU-
FACW-
FACU
OBL
FAC
FAC
FACU-
FACW-

FAC+
FAC

FACW
OBL
FAC+

FACW+
FAC-
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Ferns' and Fern Allies

Br4cken Farn
Cibmamon Fern .-
Lkdy .Fern
Stiulose Woodtfrn
Tree Club Moss

Moss

Polytrichum ;Moss- -

Sphagnum Moss-

:Ptpridium aguilinum
Gind ~~amomea

Ekthitumu FileX-Femina
Drypterissi-ntlosa
ycopodim obcurum

- -LA

SPdlyAricfum spS.
Sinfaprium spp.
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OBL
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