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EXECUTIVE SUMMARY

Recent studies by federal, state, and local agencies have identified adverse
biological conditions associated with contaminants in some areas of Puget Sound.
Permit writers, resource managers, reviewers of environmental impact statements,
and others involved in environmental decision-making are faced with the task of
assessing a wide variety of information to deal with the pollution problems. To
address the needs of this diverse group of data users, information on each of 64
pollutants is summarized in the following tables:

Table I Regulatory Status and Analytical Considerations for
Pollutants of Concern _
Table I: Criteria, Guidelines, and Regulatory Action Levels :
for Pollutants of Cencern
Table I . Sources of Pollutants 3
Table IV: Concentrations of Poltutants in Puget Sound.
In addition, characteristics of these pollutaats are summarized in the text of the :
report. A general description of the polutants is provided as well as a brief j
comment on exposure routes and risks and sources and fate in the environment .
(including soil, submerged sediment, air, and water). 3
A
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INTRODUCTION

1. INTRODUCTION

Background information on the development of this report and criteria used
10 select pollutants of concern are described in the following sections. Explana-
tions of column headings for each of four wbles of information on these pollutants
of concern and examples of how to interpret the data for one chemical [i.e.,
benzo(a)pyrene] are provided in Chapter 2 (Pollutants of Concern Tables). More
detailed text descriptions of each pollutant of concern are provided in Chapter 3
(Description of Pollutans of Concern in Puget Sound).

BACKGROUND

Recent studies by federal, state, and local agencies have found that signifi-
cant adverse biological conditions are associated with contaminated sediments in
some areas of Puget Sound (i.e., Commencement Bay, Elliott Bay, Eagle Harbor,
Sinclair Intet, Everett Harbor, and the Duwamish River). These studies have
been performed by or for the U.S. Environmental Protection Agency (EPA),
Washington Department of Ecology (Ecology), National Oceanic and Atmospheric
Administeation (NOAA), U.S. Army Corps of Engineers (Corps) Seatile District,
and Municipality of Metropolitan Seattle (Metro). A limited number of pollutants
of concern were listed as part of an EPA Region 10 project to quantify chemical
loadings into Puget Sound (Jones & Stokes 1983). This list was circulated for
reviow to the Technical Advisory Committee and the Management Committee of
the Puget Sound Estuary Program (PSEP). Review comments from Ecology
suggested dovelopment of a broader list of pollutants. This broader list was
developed into the Users Manual for the Poliwtant of Concern Mairlx (PSEP
1986). The objective of this report is to update, expand, and reorganize the 1986
manual based on the results of a survey of users conducted in January 19%0.
Instructions on the uss of electronic spreadsheet tables and diskettes containing
these tables were provided with the 1986 manual but have been deleted for this
report becauss most users preferred using written copies of the tables (sce
Chapter 2, Pollutants of Concern Tobles).

12wy
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] The information summarized in the pollutant tables and the subsequont
3 descriptive taxt in Chapter 3 can be used as a reforence for permit writers,
4 reviowors, and inspectors when evaluating discharges from new or existing
3 : industrial and municipal facilities; an aid for the design and execution of field
investigations and monitoring efforts; and a resource for agency personnel in
- evaluating environmental condftions and potential impacts of pollutants on Puget
3 Sound. Examples of recent Puget Sound studies that have besn used to update
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this report include urban bay investigations completed by EPA in 1988 for Elliatt
Bay and Everett Harbor, scdiment data {rom the 1989 and 1990 Pugct Sound
Ambient Monitoring Program, and class 1l inspection surveys of industrial and
municipal effluents conducted by Ecology between 1987-1999.

SELECTION OF THE POLLUTANTS OF CONCERN

In 1986, an initial list of over 100 inorgenic and organic contaminants of
potential concem in Puget Sound (Tables | and 2) was compiled for possible
irclusion in the pollutants of concem list. These contaminanis were chosen from
1) EPA’s list of priority pollutants, 2) lists compiled specifically for Puget Sound
(e.g., Konasewich ct al. 1982; Quinlan et al. 1985; Jones & Stokes 1983),
3) PSEP and Puget Sound Dredged Disposal Analysis (PSDDA) workshops held
to establish procedures for environmental analysis of inorganic and organic
contaminants (PSEP 1989a,b), and 4) from field investigations in Puget Sound
(¢.g., Gahler et al, 1982; Malins ¢t al. 1980; Romberg et al. 1984; Tetra Tech
1985a). Expens in specific fields of chemical rescarch also provided advice
during preparation of the initial list,

In addition to the individual compounds initially considered, three groups of
compounds were recommended: high molecular weight polycyclic aromatic
hydrocarbons (HPAH), low molecular weight polycyclic aromatic hydrocarbons
(LPAH), and total polychiorinated biphenyls (PCBs) (rather than individual
Aroclors or PCB congeners), The 1986 poltutants of concern list included 52
contaminants or groups of contaminants selected from this initial list of 100
chemicals. : :

Twelve additional costaminants or groups of contaminants have been added
to the text and tables to accommodate responses from the recent survey of the
1986 manual vsers. Thase new contaminants were recommended based on
worker safety, lreatment plant operation, toxicity, and water quality consider-
ations. The following four EPA priority pollutants were added: bis(2-ethyl)-
hexylphthalate, benzene, loluene, and total xytencs, In addition, the foltowing
eight groups of pollutants that are not EPA priority pollutants were added:

8  Mono-and di- chlorodehydroabictic acids (resin acids found in pulp
mill discharges)

12274



TABLE 1. INORGANIC CONTAMINANTS OF POTENTIAL CONCERN
IN PUGET SOUND

Antimony Couppar Sitver
Argenic Load Zing
Cadmium ' Marcury Cyanido
Chramium Nickel Organotins
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TABLE 2. ORGANIC CONTAMINANTS OF POTENTIAL CONCERN
IN PUGET SOUND

Phenols
HSL 4-Methylphono!
34 2,4-.Dimethypheanol

65 Phonol
HSL® 2-Mathylpheno!

Substituted Phenols
2t  2.4,8-Trichlorophenot
HSL 2.4,5-Trichtorophenol
64 Pentachiorophono!

87 2-Nitrophenol
69 2,4-Dinitrophenot
60 4,6-Dinitro-o-ctasol

24 2.Chlorophonol
11 2.4-Dichtorophenol
22 4-Chloro-3-methyipheno!

Miscallansous Organic Aclds (guaiacolsiresin acids)
Monochlorodehydroabiatic acids
Olchlorodehydroabiotic acids

2-Mathoxyphaenol (guaiacoll 4,5,6-Trichtoroguaiacol

3.4,5-Trichloroguaiacol Tetrachloroguaiacol

LPAH Compounds
56 Naphthalong 1 Acgnaphthona 81 Phananthrone
7?7 Acanaphthylono 80 Fluoreno 78 Anthracene

Alkylated LPAH Compounds

2-Mothyinaphthatens 1-Methyinaphthalene 1.2,3-Mothyiphonanthrenos

HPAH Compounds
39 Fluorantheno 74 Bonzoibfluoranthane 83 Indenoiy,2,3-cdipyrene
84 Pyreno 78 8onzotkifluoranthono 82 Ohenzota,hlanthracens
72 Denzoistamhracens 73 fDanzotalpyrone 7% Bonzoig.h.hiporylens

78 Chrysono

Chiorinated Aromatlc Hydrooarbons

268 1,3-Dichlorobanzono . 8 1,2,ATrichlorobonzeno
27 1.4-Dichiorchenzang : 20 2-Chloronaphithatens
26 1,2-Dichlorobanzong 9 Hoxachlorobenzens {HCB)

o i Mk L e
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Tabio 2. (Conunuad)

e

'_ —
_ Chiorinatad Aliphatic Hydrocerbons
;: 12 Hgxachloroathane ' 82 Haxachlorobutadiena
! fhihaelates
i 71 Dimethyiphthatate 68 Di-n-butylphthalate 88 Di-n-gciylphthiate
: 70 Diethylphthalate 87 Butylbenzyiphthalate
3
1 Miscallansous Oxygenatad Compounds
54 1sophorone HSL Dibenzofuran Polychiorinatad Dibenzodioxins
E HSL Bonzyl atcohol Polychlorinatad dibonzofurans
+HSL Banzoic acld

Organonitrogen Compounds

62 N-Nitrosodiphenylamino 9(H) - Carbozole
Posticides
93 p.p'-DOE 90 Dieldrin 102 a-HCH
94 p,p’-DO0 91 g-chiordane 103 pHCH
92 p.p’-0DT 88 Endrin 104 A-HCH
89 Aldrin 100 Heptachlor 105 y-HCH (lindanag)
PChs

Total PCBg*

Volatlls Halogenatad Alkones

45 Chloromethane 23 Chioroform 32 1,2-Dichtoropropana
48 Oromomothano 10 1,2-Dichtorocethane §1 Chiorodibromomethane
18 Chlorasthana 11 1,1,1-Trichtoroathana 14 1,1,2-Trdchlorosthans
44 Dlantaromathane 6 Carbon tatrachloride 47 Bromalorm
13 1,1'-Dichiorosthana 48 Bromodichloromothans 16 1,1,2.2-Tetrachlorosthene
5
. —e _ e aad
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Tabte 2. {Continued)

- ———
Volatils Halogenated Alkenas
88 Vinyl chioride 33 Cis-1.3-dichloropropens 87 Trichlorgethane

29 1,1*-Dichlorasthane Teans-1,3-dichloropropens 85  Tetrachloroethene
20 Trans-1,2-dichioroothene '

Volatlte Aromatlc and Chiorinated Aromstic Hydrosarbons
4 Banzens 38 Ethylbenzene HSL Total xylenes
86 Toluens HSL Styrens 7  Chtorobonzena

* Indicates EPA priority pollutant number,

s EPA hazardous substance list (HSL) compound.

+ Total PCBs includes monochlorobiphonyls through decachiorobiphenyls.
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®  Chlorinated guaiacols (associated with bleached discharges of pulp
mills)

m  Three of the most toxic PCB congeners that elicit adverse biologi-
cal effects similar to those of 2,3,7,8-letrachlorodibenzodioxin

u  Polychlorinated dibenzofurans

s Polychlorinated dibenzodioxins (in addition to 2,3,7,8-tetrachloro-
dibenzodioxin) ‘

Methylethyl ketone (MEK) .
®  Methylnaphthalenes (1-methyl and 2-methyl isomers)
®  Methylated phenanthrenes.

Pollutanis that are not included in this report but have been recommended for
routine monitoring based on a recently completed pesticide reconnaissance survey
(PSEP 199)) include: diazinon in water and sediment (an organophosphate
insecticide often used for conuol of fruit, vegetable, and omnamenial foliage
pests), diuron in water (2 uracil herbicide used for sterilizing soils), and endo-
sulfan I in sediment (a chlorinated pesticide used for control of foliar feeding
insects on a wide variety of plants). These three pesticides were detected in
samples of sediment or waters in drainage basins of Puget Sound at levels that
could cause biological effects (PSEP 1991), The reconnaissance survey was
completed afier the pollutant tables had been completed. Eight other pesticides
were detected in samples collected during this reconnaissance survey but at
concentrations that are of Iess concern. The detected pesticides are part of a
broad group of organophosphate, chlorinated, polar phosphorous, carbamate, and
urea posticides, and chlorinated and (riazine herbicides that were lested for in
thess samples. These compounds had been identified as of potential concemn in
Png:ggt Sound based on an earlier review of contemporary pesticide usage (PSEP
1988). '

Contaminants selected as poliutants of concem for this report meet all of the
following general criteria: 1) high toxicity (measured in laboratory studies), 2)
high persistence in the environment, 3) high bioaccumulation potential. In
addition, pollutants of concern meet one or more of the following specific criteria
for Fuget Sound: 4) high measured wator column or effluent concentration, 5)

existenca of known sources, 6) high concentration relative to sediments from

Puget Sound reference areas, and/or 7) widespread distribution in Puget Sound.
‘The last two criteria were evaluated using data from over 1,000 sediment samples
that have been incomorated into EPA’s sediment quality database (SEDQUAL)
for Puget Sound. Some extremely toxic chemicals that are supported by few
environmental data in Puget Sound are nevertheless included as poltutants of

7
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INTRODUCTION

concern because of sufficient public or agency concern over their potential
impacts. For example, available daa on chlorinated dibenzodioxins, chlorinated
dibenzofurans, and chlorinated guaiacols arc summanzed even though information
is available on their distribution in only a few areas of Puget Sound. Inclusion
of these chemicals with few data indicates gaps in present knowledge of toxic
pollutants in Puget Sound.
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POLLUTANTS OF CONCERN
TABLES: Table!

2. POLLUTANTS OF CONCERN TABLES

The following four poflutanis of concern tables are provided in this chapter:

Table I: Regulatory Status and Analytical Considerations for
Poltutants of Concemn
Tuble II: _ Criteria, Quidelines, and Regulatory Action Levels
‘ for Pollutants of Concemn
Table I: Sources of Poltutants
Table IV: Concentrations of Pollutants in Puget Sound.

The information provided in each column of the tables, in addition to
associated referances, is also described.

TABLEL. ﬁEGULATORY STATUS AND ANALYTICAL CONSIDERATIONS
FOR POLLUTANTS OF CONCERN

The regulatory status of each contaminant and general anatytical consider-
ations are reviewed in Table I.

Column 1--BPA identified 65 categories of priority pollutants {including
126 speciflc chemical substances to be the focus for regulation under the Clean
Water Act), Because of thelr status as priority pollutants (identified by P, T,
and N in column 1), these chemicals are most frequently analyzed by contract’
laboratories participating in EPA Superfund work.

The list of poliutants is found in the Code of Federal Rogulations (CER) Title
40, Part 401.15. The complete list of inorganic and organic chemicals analyzed
by the BPA Contract Laboratory Program (CLP) is found in U.S. EPA (1950a,b).

Columns 2, 3, and 4 - Analytical methods for water, sedimont, and Ussue
samples aro listed in columns 2, 3, and 4. PSBP has recommended guldelines for
analysls of many toxic pollutants, including most EPA-designated priority
pollutanis, For some pollutants, existing EPA methods wore adopted by PSEP
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(¢c-g., metals in water), At least ene class of pollutanis on the pollutants of
concem list (i.e., organotin complexes) involves analytical procedures that are not
routinely available.

Sources of information for columns 2, 3, and 4 include PSEP (1989a,b) and
U.S. EPA (1983a, 1984a, 1990a,b).

Columns B, 6, 7, 8, 9, and 10-Limits of detection and practical
quantification limits for analysis of pollutanis will vary depending on the method
used and the level of Interferences present. Columns 510 provide both limits
of detection and practical quantification limits for water, sediment, and tissue.
If PSEP protocols are available for these values, the PSEP-recommended limits
are provided in the table and arc enclosed in boxes. Protocols dedicated to
analysis of individual contaminants or groups of contaminants may yicld lower
limits of detection. Individea! project goals must be considered when choosing
target limits of detection.

Limits of detection for water samples are listed in column 5 and are from
PSEP (1989a) for inorganic chemicals and Metro (1981) for organic chemicals,
Practical quantification limits for water samples are listed in column 6. Thess
were ohtained from EPA CLP guidelines for multimedia analysis of inorganic
poltutants (U.S. EPA 19902) and organic poltutants (U.S. EPA 1990b),

Limits of dotection for sediments ave provided in column 7 and are in
accordance with those recommended by PSEP (1989a,b). Practical quantification
limits for sedinments are listed in column 8 and are also consistent with PSEP
recommendatons (PSEP 1989a,b). Althvugh quantification limits for metals are
not specifically identified in PSEP (1989a), the values in column 8 are consistent
with a PSEP recommendation that metals quantification limits be approximately
3.3 times the limit of detection.

Limits of datection are provided for tissus samples in ¢olumn 9. Column 10
provides practical quantification limits for tissue samples, Theso levels are in

-accordance with thoss recommended by PSEP (1989a,b).

Example —~Benzo(a)pyrene is an EPA priority pollutant that has analytical
methods available for water, sediment, and tissue samples. The water method for
benzo(a)pyrene is & standard BPA procedure used in the analysis of water and
wastewater samples. A PSEP protocol for water has not yet been developed for

10
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benzo{a)pyrene; however, sediment and tissue guidelines for analysis are available
for benzo(a)pyrene through PSEP (1989a,b). These guidelines allow the use of
various analytical techniques according to a consistent set of qualily assurance and
quality control (QA/QC) procedures.

In water, the practical quantification limit for benzo(a)pyrene is 10 xg/L
(i.c., 10 ppb) for routine analyses of l-liter samples by EPA CLP methods.
Limits of detectlon (i.e., 1 ug/L) can be obtained through special analytical
service requests. Practical quantification limits and limits of detection are also
available for benzo(a)pyrene in sediment samples. The limit of detection of
10 ug/kg dry weight for sediments shown in Table I for benzo(a)pyrene is within
the limit of detection renge of <1 to 50 ug/kp possible by different anatytical
procedures. The use of limits of detection rather than quantification limits are
recommended for analyses of benzo(a)pyrene in tissue samples (i.c., 20 pp/kg
wet weight) because of the potential use of tissue data in risk assessment.

11
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TABLE 1. REGULATORY STATUS AND ANALYTICAL CONSIDERATIONS FOR POLLUTANTS OF CONCERN
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TABLE Il: CRITERIA, GUIDELINES, AND REGULATORY ACTION LEVELS
FOR POLLUTANTS OF CONCERN

Criteria, guidelines, and regulatory action levets in drinking water, ambient
water, shelifish and fish tissve, and sediment are summarized for pollutants of
concern in Table II.

Column 1—Available goals, standards, or proposed standards for drinking
water are included in column 1 and defined in footnote b of Table II. These
values are provided for comparison with ambicnt water quality criteria provided
in other columns of the 1ablo. Under the Safe Drinking Water Act, EPA
promulgates maximum contaminant level goals (MCLGs) for drinking water.
These MCLGs are nonenforceable health goals. Primary MCLGs are set at a
fevel at which no known or anticipated adverse effects on human health oceur,
allowing an adequate margin of safety. Maximum contaminant tevels (MCLS) are
enforceable standards that are set as close 10 MCLGs as feasible. MCLs may be
set higher than MCLGs after considering factors such as available treaiment
technologies and cost effectiveness. If MCLG or MCL, values are not available
for a pollutant, secondary MCLGs are provided as available. These secondary
values address aesthetic qualities such as taste and odor. Finally, other values in
Table I that are proposed or are not yet available in final form are quatified by
a "P" code.

Primary and secondary drinking water regulations are found in 40 CFR Parts
141 and 143, respectively. Proposed and recently finalized MCLs and MCLGs
were published in the Federal Registor (U.S, EPA 19852) and updated 23 March
1988.

Columns 2, 3, 4, and B-—~Ambient water quality criteria documents are
published and updated periodically by EPA. These criteria reflect the latest
scientific knowledge on identifiable effects of pollutants on public health,
freshwater and saltwatr aquatic life, and recreation. The available acute and
chronic criterin are summarized and presented for freshwater and saltwater
aquatic lifs in columns 2--5. Dashes indicate that no criterin or toxicity
thresholds are available in the water quality criteria documents,

18
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The ambient water quality criteria documents are published and updated by
EPA. ‘Data in Table 1 were obtained from the Gold Book (U.S. EPA 1986a) and
from the water quality criteria documents announced in the Federal Register (U.S.
EPA 1985b).

Columns 6 and 7—Human health effecis presented in the ambient water
quality documents are summarized in columns 6 and 7. Values in column 6
(cancer risk) reflect estimates of ambient water concentrations of known or
suspected carcinogens that represent a one in onc million (10 incremental
cancer risk. The 108 incremental cancer risk was chosen for use in the table
because it represents the middle range of values presented by EPA in the water
quality criteria documenis. The cancer risk concentration for carcinogens and no-
effect (toxicity) concentrations for noncarcinogens were estimated by extrapolation
from animal toxicity or human epidemiological studies using the following
assumptions: a 70-kg men as the exposed individual and an average daily
consumption of freshwater and estwarine fish and shellfish products equal to
6.5 grams per day. Criteria based on these assumptions are cstimated to be
protective of an adult male who experiences average exposure conditions. The
ambient water quality documents provide a wealth of informalion on contami-
nants. The values provided in columns 6 and 7 merely summarize the informa-
tion contained in the water quality documents and ate not meant to replace them,
Dashes indicate that no human health data ars available in the water quality
documents,

Columns 8 and 9~The U.S. Food and Drug Administration (FDA) has
eslablished action levels for a limited number of contaminants in seafood (i.e.,
fish and shelfish). These levels are listed in cclumn 8, These adminisirative
guidelines, when exceeded, may (rigger FDA to investigale the area where the
scafood was raised or caught. A range of legal Hmits for scafood established by
other countries is provided in column 9. Dashes indicate that no values were
available. '

The FDA action levels have been compiled from FDA documents (U.S. FDA
1982, 1984). Nauen (1983) compiled a summary of legal limits for other
countries for the Food and Agricultural Organization of the United Nations,

Cofumns 10 and 11—~EPA has derived a measure of toxicological patency
from the doss-response relationship for a chemical of concern using a data set for

17
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the most sensitivo species. Noncarcinogens are characterized by a reference dose
(R{D) value, which is the hiphest average daily exposure over a lifctime that
would not be expecied to cause adverse effects.  Carcinogens are characterized
by a carcinogenic potency factor, which is a measure of the cancer-causing
potential of a substance. Bowh RfDs and carcinogenic potency factors are

" provided in Table II, columns 10 and 11, respectively. Dashes indicate that

neither an RfD nor a carcinogenic potency factor is available,

Columns 12, 13, and 14—Expected (mcan) equilibrium partitioning
values and lower and upper 95 percent confidence interval values have been
determined for sediments for selected nonionic organic chemicals and are
provided in columns 12, 13, and 14, The values were obtained from Zarba
(March 1989, personal communication) and are normalized to organic carbon,

Column 18 —Some interim guidelines were recently developed for assessing
sedimient quality. From a national dawabase, the Bautelle Marine Research
Laboratory and the Criteria and Standards Division of EPA developed what were
originally termed probable no-effects levels (PNELs) and are now termed
screening level concentrations (SLCs). To develop these guidelines, the presence
of a given beathic species is correlated to sediment contaminant concentrations
to determine the minimum concentration for a given chemical compound that was
not exceeded in 90 percent of tho samples containing the species. This process
is carried out for numerous specics to dejermine an SLC (Battelle 1985a; 1936).
Fourteen SLC values (normalized to organic carbon content) are available for
organic compounds in marine sediments and are listed in column 15. Dashes
indicate that no SLC valugs were available.

The source of the SLC vatues in Table ILis a final report to EPA by Battells
(Neff et al. 1987).

Column 18-—Chemical eriteria for marine sediment quality standards have
recently been proposed by Ecology (1990; WAC 173-204-320), Values shown
in column 16 for inorganic and ionizable organic chomicals are oxpressed as
pg/kg dry weight, Corresponding chemica! criteria for nonionic organic
chemicals (in parentheses) are expressed as pp/kg orpanic carbon, Dashes
indicate that no marine sediment quality standards were available.
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Columins 17, 18, 19, and 20 —Other interim guidelines, called apparent
effects threshold (AET) values, have been developed for federal and Washington
state agencies (U.S. EPA 1988; Ecology 1990). AET values were derived using
chemical and biolopical data from sevéral Puget Sound invesligations. The AET
values in columns 17, 18, and 19 are based on toxicity data from the amphipod
bioassay, the oyster larvae bioassay, and the Microtox® bioassay, respectively.
AET values in column 20 are based on effects as measured by abundances of
benthic infauna, The AET values are defined as the concentration above which
statistically significant biologicat effects (P <0.05) always occur in the databases
of sediment samples used to create the values. Dashes indicate that AET values
have not been established, usvally because insufficient data are available,

‘The data used in developing AET values are from Battetle (1935b), Chan ¢t
al, {1985a,b), Oshorn et al. {1985), Barrick et al. (1988), Romberg et al. (1984),
Tetra Tech (1985b), Beller ¢t al. (1988), Pastorok et al, (1988), and U.S. Navy
(1985).

Column 21—Bxceedance of criteria established in Ecology's Dangerous
Waste Regulations [Ecology 1984 (revised 1990); Chapter 173-303 WAC]
generally depends on the volume of waste generated as well as the chemical and
physical characteristics of the waste. Although the numeric criteria are not easily
adapted to tabular format, WAC [73-303-9903 (Ecology 1984) designates a
discarded chemical product as either a dangerous waste (DW) or an extremely
hazardous waste (EHW) and also provides the reason for the designation.
Reportable quantities for the discarded chemicals are determined in accordance
with their toxic constituents, as established in WAC 173-303.081 and 173-303-
084. The informatlion from WAC 173-303-9903 has been provided in column 21
where data are available, Chemicals that are not specifically listed or designated
may still be classifled as EHW or DW by the regulations, Dashes indicate that
the chemical is not specifically listed in the regutations,

The informaticn In column 21 was compiled from the state Dangerous Waste
Regulations (WAC 173-303-9903, as amended by WSR 90-20-101 (17 October
1990)] (Ecology 1984). These regulations incorporate, by reference, the National
Institute for Occupational Safety and Health’s Registry of Toxic Effects of
Chemfcal Substances and EPA's spill table (40 CER 302.4). Both the registry
and the spill table are references for determining toxic categories for constituents
in a waste.
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Additional data summaries of lifetime cancer cisk vs. chemical concentration
provided in Appendix A have been updated from Tetra Tech (1986a,b) using
information from U.S. EPA (1950c¢).

Example—No EPA drinking water standards or ambient water quality
criteria have been set for benzo(a)pyrene. Some information is available {or
HPAH compounds, a group of organic chemicals on EPA’s priority pollutant list
that includes benzo(a)pyrene. These data include water concentrations described
in EPA water quality criteria documents as apparent threshold levels for acute or
chronic toxic effects on marine osganisms (300 pg/L) and an estimate of the 10
incremental cancer risk (31.1 ng/L}) to humans by consumption of contaminated -
seafood. The chemical criterion for the benzo(a)pyrene marine sediment standard
in Puget Sound is 99,000 ug/kg organic carbon. Additional levels of concem for
benzo(a)pyrene in sediments are available for different biological effects indica-
tors based on Puget Sound field investigations; resulting AET values range from
1,600 to 3,600 ug/kg dry weight, The state dangerons waste regulations classify
benzo(a)pyrene as a persistent hydrocarbon that has been sufficiently designated
as a carcinogen (Category P,+-; see Table II) for reportable quantity purposes.
Benzo(a)pyrene is a persistent HPAH compound for which there is sufficient
animal or human data to establish the compound as a carcinogen. There are no
FDA or other legal limits for benzo(a)pyrene in tissue samples.
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-
e-mmmwmummw

M = Maximorn contaminar® Jovels (MGLE, enforcsabie standarde
L P w Proposed value

()= Secondary MCLGs

- m No MCL of MCLG valtins ste proposed or axiet.

()nmnm_mm.uuhmmmmwmmmcmmm , .
H = Froatwmbir quasiity criteria for eome chaicats aro & Enciion of herdness. The relationship i nct inear and the squations peCiSc 1 sach chamical ate found i the criteria documety. For this
table, & criberia concentration based on @ hatdnees valoe of 53 Mo/l eaichan carbonate I provided, Exact criteria values must be calculated from the aquations.

P » Toniolty i6 pif dopendent. This valus i calculated based oa & pit of 7.8.

+ m e by valoss &fe Providad Sor areaic, the st s %or trivlont ateenic {1l) and the second s 1o pentavalent srsenic (Vi. Whore two values are provided for chromiom, the fiest
isfor ichsloot chromkit (13 and The secene s fof hoxmvalent chromium (V).

— = Mo criteria of ity theeshcids are presavited i the wittes quality critorle documents.
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POLLUTANTS OF CONCERN
TABLES: Tabls it

TABLE IlIl: SOURCES OF POLLUTANTS

Major known sources of contamination around Puget Sound are listed in
‘Table III. Municipal and industria! discharges are the two main categories of
point sources. Additional information of pollutant sources is summarized in
Chapter 3, Description of Pollutants of Concern in Puget Sound.

Column 1—For municipal discharges, chemicals are classified according to
their frequency of detection (i.e., detected in >25 percent of samples analyzed,
detected in <25 percent of samples, or not detected). When results for fewer
than five samples are available, no estimate of the frequency of detection is given.
Dashes indicate that insufficient information (i.e., fewer than five samples) is
available lo categorize the chemical,

The municipal discharge data used to categorize (he pollutants are from
Metro’s Toxicant Pretreaiment Planning Study (TPPS) (Cooley et al. 1984) and

" Barrick (1982). Supporting data were obtained from the city of Everett waste-

water treatment plant (Baird, C.E., | August 1985, personal communication) and
Class II inspection surveys (Andreasson 1990a,b; Hallinan 1988; Heffner 1988,
1990c; Reif 1988a; Zinner 1991). o

Coltumn 2--The types of industries from which release of each chemical has
been documented is coded in the industrial (point source) column of Table III
{column 2}. Each indusiry is given a separate descriptor code (e.g., ship building
and repair is designated by the letter S). Dashes indicate that insufficient data are
available to categorize the sources of these pollutants.

Industrial sources of poilutants were determined using data from industrial
reports prepared by Ecology's Water Quality Investigation Section (Toy 1987,
Norton et al. 1987; Stinson and Norton 1987b), and from Class II industrial
surveys, including recent reports by Hallinan (1989; 1990a,b), Hallinan and Ruiz
(1990), Heffner (1989a,b; 1990a,b), and Reif (1988b, 1990). Information from
older Class II industrial surveys was abstracted from the Commencement Bay
remedial investigation (Tetra Tech 1985b) and feasibility study (Tetra Tech
1986¢c). Additional data were included from Norton (5 February 1986, personal
communication), Galvin and Moore (1982), Martin and Paviou (1985}, Palmork
et al. (1973), Sittig (1980), Stranks (1976), and Young et al. (1979).
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POLLUTANTS OF CONCERN
TABLES: Tabie Il

Column 3—Data generated from combined sewer overflow (CSO) sampling
are included in column 3. Chemicals found in CSOs are classified according to
their frequency of detection (i.e., the same as municipal discharges). Dashes
indicate that insufficient information is available to categorize the chemical. The
Metro TPPS (Cooley et al. 1984) was the source of information on pollutants in
CSO0s,

Column 4—Nonpoint sources are difficult to identify and quantify.
Nonpaint sources listed in Table ¥II include agricultural, urban, and industriat
runoffs and groundwater seeps. The urban runoff designation includes those
chemicals detected in > 10 pescent of the samples analyzed for the National
Urban Runoff Program (NURP) (U.S. EPA 1983b). The {0 percent criterion,
used in the NURP summary report, was also used in Table I1l, Dashes indicate
that insufficient information is available to categorize the type of source.

Urban runoff data are primarily from NURP {U.S. EPA 1983b) and are
considered representative of Puget Sound's urban runoff. The NURP study
included analyses of runoff from Bellevue, Washington. Also accommodated in
the wble are urban and indusitial runoff and groundwater data gathered by
Ecology and other investigators, as summarized in Tetra Tech (1985b) and in
recent reports by Johnson and Norton (1989), Joy (1987), Norton (1988;
1990a,b), Stinson and Norton (1987a,b), and Stinson et al. (1987).

Column B--Occasionally, product spills (e.g., ore and oil) occur in Puget
Sound that release chemicals into the environment. The types of spills that have
occurred in Puget Sound where chemicals are expected 10 be found are indicated
in column 5. Dashes indicate that there are insufficient data to categorize the
type of spill. Sources of information used to categorize pollutant spills include
Norton (1985b), Sittig (1980), and Tetra Tech (1985b).

Example —Benzo(a)pyrene has been detected in >25 percent of available
municipal effluent and CSO samplos from Puget Sound. ‘There are insufficient
data to document the presence of benzo(a)pyrene in discharges from industrial
point sources in Puget Sound, although there are a number of industrial processes
that are expected to generate benzo(a)pyrene {(c.g., combustion of fossil fuel,
primary production of ferrous and nonferrous metals, and wood treatment with
creosote). There are also insufficient published data from Puget Sound or NURP
(U.S. EPA 1983b) to document the -presence of benzo(a)pyrene in discharges

N
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POLLUTANTS OF CONCERN
) TABLES: Tablo i

from nonpoint sources in Puget Sound, although benzo(a)pyrene has been
reported as a component of stormwater runoff in research studies conducted in

- Lake Washinglon. southern California, Narraganseit Bay, and Europe. Benzo(a)-
pyrene is an expected component of most-oil spills.
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TABLE Hl. SOURCES OF POLLUTANTS §
1 2 3 4 5
Point Sources .
5 T ] d Nodnpairt t
Pollutant of Concom Municipal industrial CS0s Sources Spills
inorganic Chamicals
Antimony >25% C.CAENLSMOC)LORPA 250 URIR oS
Arsanic >25% CiE)CLLSMOCORPS >25% AR URJR,GW Qs
Cadmivom >25% C.CP DM >25% URIRGW C
Chromium >25% CP.FICL).OR P PLS)(EC) >25% URIRGW TGOS
Copper >26% CCACPLLSMORPPDFLS >2556 URIR.GW 0s
Cyanidos >25% C.CP(F).0M.0R,P,PDPH >25% uR (o]
Lead >25% C.CAJDC)LSM,OC.OR,P,POPI(S) >25% URIR.GW 0s.0
Mercury >25% B.CA(DCY.AC)M,O0C.0R.P.5 >25% URJR.GW €0s
Nickel >26% C.CAMOC.ORP.P >25% GW,IR,UR 0s
Sivor >25% {CPMELIC PHP >25% GW.IR.UR 0s.C
Ziae >25% C.CA(CPMDO)ELICLSM, >25% GWIR,UR oS
«-OC,ORP,FPO.R,S,5C .
Organotin >25% D.OCORFLS >25% - - ﬁ
Nomnionic Orgastic Compounds . :
LPAH Compounds >25% {CO).D LM [P)(RL).(S} »25% GWIR.UR 0
- Naphthaleno >25% O.L (OR)LIOCLIP) >25% GWJR,UR (s}
Acenaphittyiono ND L. =25% GW.IR UR [} 1
Aconaphthene =25% LMPD £25% GWIR.UR (o] 3
Fluorene =25% LtMFD >25% GWIRUR 0
Phonarhrans >25% DLMPD »25% GW,IRUR (o]
Amhracene >25% DL =25% GWJR,UR Q
1-Methyinaphthalane ‘ <26% (OR)OCLP) =25% GW.IR.UR 0 3
2-Methyinaphthalond >25% (ORILOCMP) >25% GWIR.UR Q :
HPAH Compouris >25% {C0O)LD,LM,OC(P1.R)S) >25% GWIRUR (o] :
Fiuoranthene >25% DLM =255 GWIR.UR 0
Pyrane >25% DLM »25% GW,IR,UR (o]
Benzaantwxacene >25% LM >25% GW.IR,UR (o]
Chevsonp >25% LM ’ >25% GwR.UR o
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- TABLE I, (Continued)

£0€EcTT

1 2 2 & [3
Point Sources ) °
‘ ) e a Nonpoint t
Poliutant of Concem Municipal industrial GSOs Sources Spills
PCBs :
Total PCBs =25% M.SC »>25% RUR c0
3.3 4.4’ -Terachiony biphawyis - - - -- -
3.3 44" 5-Pentathioro biphsayls - - - - -
3.3 44" 5,5 ~Hacachioro biphanys - - -~ - -
Pesticidas ]
Akdeiny - - - AR -
Dloldriey - - - AR wa
4.4"-D0OD - . - - AR c
4.4*-0DE - - - AR c
4.4"-00T - v - AR c
gamma-Hecachitrocyciohexane - LLS,0C - ARUA c
Volatha Organic Compounds
Benzany ND DC,0C,0R,PLIPL).(RU) - /U ac
Chicrolorm >25% DCELICM,OC,0R,P.PLPL) >25% GW.UR ¢
EthyDeorzons >25% (OC)0RPH >25% GWIRUR oc
Toluane ND D,0C.0RFt - GWIRUR [+] +
Trichioroathone >25% CA (DCIEMM),OC P >25% GWIRUR c
Tetrachloroothono >25% CADCLELIC.NP{FIPD.OC >0 GW.JR R
Tokal xylones =25% QC{OR).LPD (P, PL - GW.IRUR oc
tonizable Organic Compaunds
Phanols
Phoacs >25% IC.LLS,M.OC,0R.PPLLPY) >25% URIR c
4-Metryiphenol - R.ANLOC)LOR)PIPLILEL) - URIR oc
Pertachiorophenot =25% ICL0CP .- UR.IRGW c
Rasin Acids and Gugiacols
2-Mancseyphandl {guatacal) - e - R -
Chiarinatad gualacols - apr .- IR -
Chierinated dabwiroablatic atiis -- BP -- [} -
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TABLE 1) (Continued)

* wormation contained In each colusn iS explained by coluran rumber in the text.

® >25% = Chamical occues i moro than 25 porcant of Samplas from Puget Sound municipal dischiarges
<25% = Chamical occurs i 25 paccant of fewer samples kom Pugat Sound muaicipal discharges
ND = Chamical st datoctod based on avaitablo information

~ « Thare ano isuificiant data 1o calegorize.

Tha KRowiIng codas a0 USed 10 daseribe Induskiss that afe point sources of cherdnicals:

&

B = Bleath plar F = Ferro, siicon, cheome tndustries P = Pulp mils
C = Copper smpitoss IC = Ineganic chamical manufacturing PD « Patroloum Distribator
CA = Chiorglkall plants L = Laghwood troatmant Facility, plywood P1e Paint and ink
CO = Coal tending LS = Log soit yards PH = Photography
CP w Chrome and siver plating M = Prienary preduction of fercous and nonferrous metals  PL = Plastics
D = Docks 0C = Qrganic chemical masutacturing R « Roofing
DC = Dry cloaning OR = Ol rofining ‘ AU = Aubbar manufacturing
£ =» Blackronics ) - S = Ship building/repalr
SC = Serap yards

Codas enclosed In parenthases are potential sourcss that hava Nt yot been documanted in Pugat Sound
-- » Thave asa insulficiont data to categerize.

2506 = Chamical 0cCUrs in moro than 25 peccent of samples from Puget Sound combined sower overtiows (CS0s)
=25% = Chamical 0cCurs Iy 25 pancont of fower Samnplas from Puget Sound CSOs

KD = Chamical not detacted based on avallable information

-- = Thete are insuticient gata 1o Caagoizg.

The following codes are wsed to describe nonpoint sources of chamicals:

UR = Urbas runol IR = Indusirial runott
AR = Agricultural runotf GW = Groundwaler seeps
-~ = Thare are insufficiont dala 1o categoize.

Sources ol chamicals razy be attributed te the following spills:

O = Ol spills, or particitasly in the case of PAH, creasola spils
C » Miscollanecus produdt spilts

0S5 = Ora spilfts

-- « There arainsutiicien! data 10 catogivize.
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POLLUTANTS OF CONCERN
TABLES: Tabls IV

TABLE IV: CONCENTRATIONS OF POLLUTANTS IN PUGET SOUND

Concentrations of chemicals in sediment, fish and shellfish tissue, and water
samples from Puget Sound are summarized in Table IV. The summary for
sediments includes substantial data for reference areas chosen by different
investigators as regions removed from known sources of contamination in Puget
Sound, as well as for nonreference areas (e.g., usban embayments and the central
basin). Data for tissue and water samples are more limited. Additional informa-
tion on the general environmental distribution of each pollutant is presented in
Chapter 3, Descriprton of Pollutants of Concern in Puget Sound.

Columns 1 through 15—A computerized database was used to calculate

- minimum, median, 90th percemtile, and maximum concentrations found in

sediment samples laken from reference and nonreference arcas and urban bays in
Puget Sound. Detection frequencies for sediment samples were also calculated.
All sediment analyses conducted in Puget Sound have not been incorporated into
the dalabase, but the data for some chemicals represent nearly 1,000 samples
from nonreference stations and 150 samples from reference swations in Puget
Sound. This database is continuing to be expanded. In all cases, the highest
detected value is used as the maximum. The minimum is either the lowest
detected value or the lowest detection limit for undetected values (whichever is
smaller). These criteria were used because detection limits can vary substantially
for different samples and studies. Dashies indicate that insufficient data are avail-
able to calculate concentrations, or that no data are available for that chemical,

The sediment chemistry database compiled for Puget Sound (U.S5. EPA 1988)
includes data from Chan et al. (1985a,b), Battelte (1986), Beller et al. (1988},
Pastorok et al, (1988), Romberg et al. (1984), PSAMP (1990a,b), PSDDA (1988,
1989) Tetra Tech (1985b, 1986d, 1990), Trial and Michaud (1985), and U.S.
Navy (1985), Crecelius et al. (1989), PTI (1990).

Columns 18, 17, 18 and 19--Minimum and maximum concentrations of
chemicals found in fish muscle tissue are provided in columns 16 and 17 of
Table IV. Minimum and maximum concentrations of chemicals in shellfish tissue
are psovided in columns 17 and 18. The data are not presently available in a
form that readily allows computation of the medians and percentiles provided for
the sediments, Liver or hepatopancreas tissues are not included. However,
fimited chlorinated dioxin and furan data for fish tissues include whole fish

37

Al

| [ T



(LS AR

JR—

POLLUTANTS OF CONCERN
TABLES: Table IV

samples reported by Terpening (4 October 1939. personal communication).
Dashes indicate insufficient data are available.

‘The summary ranges of concentrations in Table IV are intended to provide
an indication of the magnitude of contamination in fish and shellfish tissues from
Puget Sound. More detailed summaries by specific arcas of Puget Sound and by
species are provided in PSEP (1988b) and Faigenblum (1988), Mean values are
also provided in these reporis, although not all of the data provided in the ranges
in Table IV are included in those references.

Tissue data were compiled from Beller ¢t al. (1988), CH2M Hill (1989),
Clark (1983), Crecelius et al. (1989), Faigenblum (1988), Goldberg et al. (1983),

Landolt et al. (1987), Malins et al. (1980), Norton (5 February 1986, personal

communication), Pastorok et al. (1988), PSEP (1988b), PTI (1990), Sherwood
et al. (1980), Teira Tech (1985b), Yake et al. (1984) and Terpening (4 October
1989, personal communication).

Columns 20 and 21—Information for concentrations of pollutants in
waters from reference areas has not yet been included in Table IV. Thus,
columns 22 and 23 contain dashes indicating the lack of data,

Columns 22 and 23—~Minimum and maximum concentrations found in

nonreference Puget Sound waters are provided in columns 20 and 21 of Table IV.
‘The data are not presently in a form that allows computation of medians and
percentiles provided for the samples, Blank spaces indicate that insufficient data
are available, -

Recelving water data were complled from water quality surveys by Ecology
(Bernhardt 1982; Johnson and Prescott 1982a,b,c,d; Norton 1985a,b), EPA
(Osbom 1980a,b), and Metro (Romberg et al. 1984).

Example —Benzo(a)pyrene is found in sedimerts from nonreference and
reference areas and from urban bays. Based on the current database, concentra-
tions of benzo{a)pyrene in sediments of Puget Sound r=nge from <1 to 100,000
#g/kg dry weight, alihough most concentrations (even in nonreference areas) are
<240 up/kg dry weight. Benzo(a)pysene has been detected in shelfish tissue
(maximum 240 ug/kg wet weight), but not in muscle tissue of fish. Water
con;eenﬁ;ions of benzo(a)pyrene in Puget Sound are typically undetected (i.e.,
<1 pg/L).
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TABLE (V. (Continued)

1 z 3 4 s [ . 7 3 ) 1°
. Sediments {vg/kg dry woight) -
Rotorence Areas Nonrateronce Aroas '
90th Detection 90th Datoction
Poliutant of Concoen Minimum  Median  Porcontlle  Maxitmum  Fréquoncy Minimum  Medlan  Porcentile  Maximom  Frequency
HPAK Compounde ” 120 420 28,000 s 0.40 1,000 20,100 3200000 Tonmo?Y
Flucrarthene 30 % -1 5000 am U020 &80 4200 130,000 £30K33
Pyrene ) 20 7 ) 4500 aams U0.40 510 4,700 745,000 £I6MX3
Beciejantheacene 20 70 100 2500 sz 0,10 230 2100 200,000 TONG0
Chrysene 20 1 7 6000 am vo.20 340 200 350,000 m2
Toml banzofsoranthense 40 23 100 $200 283 00.20 500 5100 00,000 omn
Benzolaipywene 10 85 0 1900 3372 Uo.30 240 2.400 100,000 2004
Indensil,2.5-c dpyrene 1.0 se 420 1,000 /88 U0.40 %0 - 1,400 40,000 20431
Dibenzia hjectiwacens 0.40 a7 - 200 o5 vo.e 5 550 12,000 4110
Senzolg h.Aperdens 28 50 0 1900 1603 UG.<0 120 1.100 22,000 5510
1-Athyipherantivens [1-1.] 20 . 203 oz -3 ] o 200 100.000 23170
2-Mettyichenartirone s 80 - 200 55 22 23 <0 110,000 1847
2NNt theens 390 - - 500 T 13 o 870 ©7,000 e
Chicrinaled Benzenes
1.3-Diehiorotentens .05 40 - 49 s 9005 25 120 210 L] :
1.4-Oichdorobenzens 89S L] - 23 213 vo.05 . = 1% 2000 120002 !
Hexechiorobenzone oo 0.025 - .04 22 0.02 20 120 730 TS
Polpchiorinated Dibenzohuans - - - - - - - - -
Polychiorinated Bibenzo-p-dioxine
2.3.7.8~Teweachiorodicndn (TCO0) _ - - - o0 U0.002 U0 002 0031 0.080 —~i34
PCOs
Toisl FCBs un.70 72 a7 4 1873 . uem e 1,100 24.000 S04TED
Sicseadianenug Extractable Compounds
N-Nitrosodiphenylarwns vo 50 - - — o4 020 28 30 950 59454
Methylethy! ketone - - - —_ - -— — -— — —
Bis{2-othyibexylphthaiete 8050 62 2,000 2800 13157 B0 50 ) 1.500 21,000 287588 :
Hexacho obutadisns [1..]-x] 020 -_— [ ¥ ) 768 oam 12 0 40 T8212 .

Dibanzishstan ’ Uto e - 120 5tad W10 N €10 36.000 I0534
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DESCRIPTIONS OF
POLLUTANTS

3. DESCRIPTION OF POLLUTANTS OF CONCERN
IN PUGET SOUND

In this chapter, chemical characteristics, comunon uses, exposure routes,
health effects, sources, and environmentat fate are discussed for each pollutant of
concem in Puget Sound when that information is available. Most of the informa-
tion provided is generally avadable from reports published by the Agency for
Toxic Substances and Discase Control Registry (2 unit of the U.S. Public Health
Service), Howard (1989, 1990}, and Casarett and Doutll (1986).

INORGANIC CHEMICALS

Descriptions are provided in this section for the 12 inorganic chemicals listed
in Table 1 (see Chapter 1), including cyanides and organotin. Three inorganic
chemicals that have been designated priority pollutants by EPA in 40 CFR 401.15
(i-e., beryllium, thallium, and selenium) were not recommended by Puget Sound
experts during development of the pollutants of concern for this report. Although
toxic, beryllium and thallium have not been found in Puget Sound in concentra-
tions that exceed reference levels. Selenium was found in elevated concentrations
in only one Puget Sound study, Spectral interferences occurring in connection
with the particular instrumental analyses used were considered the probable cause
of the elevated results (PSEP 1980a).

Antimony

Antimony is a natural element that is found in over 100 mineral species.
Antimony is not an abundant element and is usually found as a sulfide rather than
in the pure form. The brittle character of antimony improves the hardness and
lowers the melting point of certain alloys, Antimony compounds are widely used
for the production of flame retardants, fireworks, matches, ammunition, and
storage batteries.

Exposure Routes and Risks--The preatest exposure to antimony for
humans occurs in connection with selected occupations (e.g., mining, industriat
processing of antimony-containing ores, and commercial uses of antimony
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trioxide). Humans may ingest antimony in small amounts in water and food.
Inhalation is also an exposure route, especially in the vicinity of smelling facilities
and municipal incinerators. However, environmental exposures from all media
appear to be minor sources of antimony for humans.

Although antimony is toxic to mammais, including humans, few epidemiolog-
ical swdies of antimony have been conducted due to the lack of recogaizable
public health problems associated with overall low levels of exposure to antimo-
ny. Limited information is available concerning loxicity to freshwater organisms,
but there is almost no information concerning the acute or chronic toxicity of
antimony to saltwater organisms.

Sources and Fate —Antimony may enfer aquatic systems from the natural
weathering of rocks, in soil runoff, in effluents from manufacturing facilities, and
from municipal discharges. Smelting operations, fossil fuel combustion, and
municipal incineration contribute to atmospheric antimony. Industries involved in
the manufacture of altoys, paints, lacquers, glazes, glass, and pottery and in the
production of organic chemicals are sources of antimony. Other sources include
copper smelters, chloralkati plants, and smelter slag. The semiconductor industry
also uses antimony in the production of infrared detectors and diodes. Antimony
has been detected, often at very high levels, in 74 percent of sediment samples
taken from nonreference areas in Puget Sound (Table IV). The highest levels of
antimony in Puget Sound [several thousand parts per million (ppm)] are associated
with copper smelter wastes (Tetra Tech 1985b).

Solubilities of antimony compounds range from insoluble to fully soluble.
Inorganic antimony compounds may be only slighly water soluble or may
decompose in aqueous media. Certain compounds undergo hydrolysis or
oxidation and are not environmentally persistent. However, antimony associated
wlth smelter wastes in Puget Sound is expected fo be highly persistent (Teira
Tech 1985b; 1986¢).

Argenlc

Arsenic i3 a naturally occurring element not commonly found in its pure
state. Arsenic generally combines with one or more other elemenis, For
example, arsenic commonly combines with oxygen, chlorine, or sulfur to form
the inorganic species, while arsenic can also combine with carbon and hydrogen
to form the organic specles. Arsenic exists in a variety of chemical forms in
marine and estuarine ecosystems, including inorganic species, moethylated forms,
arseno-lipids (fats), arseno-sugars, and other biochemical forms, Data for total
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arsenic are difficult to interpret in relation to effeets in a particular environment
because of the multiplicity of organic and inorganic chemical species involved.

Exposure Routes and Risks —All humans are exposed to low levels of
arsenic because of its wide distribution in the environment, The Pacific North-
west, in particular, contains naturally high levels of arsenic because of the erosion
of rocks that are enriched in arsenic. Greater than average exposure may occur
in certain occupations (e.g., metal smelling, wood preservation, and pesticide
application) or because of proximity to natural mineral deposits, chemical waste
disposal sites, or industrial sources.

Most humans are exposed to arsenic by ingesting food containing arsenic;
drinking water and air provide lower amounts. Although some arsenic may be
absorbed by the skin, skin absorption is a much less important exposure route -
than ingestion.

In general, the toxicity of arsenic is a function of its chemical and physical
form, Organic arsenic is less toxic than inorganic arsenic. Therefore, because
organic arsenic predominates over inorganic arsenic in most fish, macroalgae,
mussels, and shrimp, health concerns from consumption of arsenic-contaminated
tissues are generally low. Arsenic compounds that are more soluble tend to have
more acute toxicity. For example, arsenic (III) compounds are generally more
toxic than arsenic (V) compounds. Inorganic arsenic has been recognized as a
human poison since ancient limes; ingestion of large doses causes death.
Ingestion of lower doses produces a variety of systemic effects. Animal studies
suggest fetal effects, but this area has not been well studied in humans. Mottled
pigmentation and small lesions on the skin are the most common indication of
chronic oral exposure to inorganic arsenic. There is clear evidence that such
lesions can develep into skin cancer. Although inhalation exposure causes much
milder systemic effects, there is growing concern over the threat of lung cancer,
especially with occupational exposure,

Inorganic arsenic is a recognized human carcinogen. However, there are few
human studies of carcinogenicily and toxicity of arsenic that have included
different arsenic forms. An additional complicating factor is the limited utility
of animal studles as predictors of human effects becauso of the greater sonsitivity
to arsenic by humans, While there is evidence that exposure to low levels of
arsenic has beneflicial health effects in some species (e.g., rats, goats, chicks, and
minipigs) (U.S. EPA 1984d), the beneficial daily dose is quite small (i.e., 10-
50 pg/day). This amount is normally supplied in a husnan diet that does not

- include seafood, which may increase the daily intake (o 200 pg/day (Casarelt and

Doull 1986).
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Toxicity and other effects of arsenic on aquatic life are significantly modified
by changes in water temperature, pH, organic content, phosphate concentrations,
suspended solids, and presence of olher substances and toxicants, as well as with
arsenic speciation and duration of exposure. Large interspecies differences in
toxicity are recorded even among species that are closely related axonomically
(U.S. FWS 1988).

Sources and Fate —Combustion of fossil fuels is a major source of arsenic
in the atmosphere, Tobacco smoke is another source. No arsenic is currently
produced in the United States except as a by-product of other operations, such as
the smelting of copper, lead, zinc, gold, and silver ores, However, arsenic is
imported for use in wood preservatives, pesticides, and herbicides. Use of
arsenic-containing pesticides has declined in recent years because of the develop-
ment of less broadly toxic substitutes. Arseric is also used as an alloy additive
to lead and copper and in the manufacture of low-melling glasses. - Although
relatively small, use of arsenic in transformers is increasing. Consumer products
that once contained arsenic (e.g., paints, dyes, and rat poisons) are no lenger in
general use; therefore, exposure from these sources is minimat,

A former copper smelter plant located in Tacoma may have contributed as
much as 25 percent of the total amount of anthropogenic arsenic in the world
(Phillips 1990). In the United States, arsenic trioxide was produced only at this

smelter, which closed in January 1986. Although 90 percent of United States

surface waters contain less than [0 parts per billion (ppb) arsenic, higher concen-
trations have been reported in the Puget Sound area (up to 3,800 ppb) because of
smelting operations and natural sources of arsenic (Crecelius et al. 1975).

Arsenic may be released to the atmosphere as a gas vapor or adsorbed to
particulate matter. However, most arsenic in the air is adsorbed to particulate
matter. It may be transported to other media by wet or dry deposition; photolysis
is not considered an important fate process for arsenic compounds.

Arsenic in surface water ¢an undergo a complex pattern of transformations.
Arsenic is extremely mobile in aquatic systems and, as a result, rivers are a major
source of arsenic to Puget Sound and oceans. Sorption to clays, iron oxides,
manganess compounds, and organic materials is an important fate of arsenic in
surface waters. However, as waters become more alkaline or saline, arsenic is
less likely to be adsorbed. Arsenic in water and soil may be reduced and
methylated by fungi, yeasis, algae, and bacieria, and these forms may volatilize
and escape into the air. The rate of volatilization may vary considerably,
depending on soil conditions (aerobic or anaerobic), pH, and the presence or
absence of microbes.
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Plants may accumulate arsenic via root uptake from soil solution, and centain -

species may accumulate svbstantial arsenic levels, Bioconcentration of arsenic
also occurs in aquatic. organisms, primarily in algac and lower invertebrates,
However, biomagnification in aquatic food chains does not appear significant,
although some fish and invertcbrates contain high levels of arsenic compounds
that are relatively inert toxicologically. In Puget Sound, higher concentrations of
arsenic are accumulated by invertebrates and mussels located near pollutant
sources, but there i3 no evidence for increased accumulation of arsenic in Puget
Sound fish near indusirial sources relative to reference conditions or for biomag-
nification of arsenic in the food chain (Ginn and Barrick 1988).

Cadmium

Cadmium is a nawurally occurring element usually encountered in combina-
tion with other elements such as oxygen, chloring, or sulfur, Cadmium com-
pounds are all stable solids that do not evaporate.

Exposure Routes and Rlsks -—~For humans who are not subject to occupa-
tiona! exposure to cadmium, the primary exposure route is ingestion of food
containing cadmium. Comamination of topsoil through the application of

. phosphate fentitizers or sewdge studge increases cadmium levels in foods. Another

source of cadmium is tobacco smoke. Smokers have approximately twice as
much cadmium in their bodies as nonsmokers. U.S. EPA (1990¢) has designated
cadmium a probable human carcinogen by the inhalation route.

Cadmium is not known to have any beneficial health effects, but can cause
a number of adverse effects on humans and other organisms, including death.
Although high-level exposures ate rare, there is great concern regarding the
effects of low-level, long-term exposure. Soluble cadmium compounds have
greater toxicity than insoluble cadmium compounds because they are more readily
absorbed by the body. Typical levels of cadmium exposure through ingestion of
food and water or through inhalation of air (approximately 0.0004 mg/kg per day)
are not a major health concern, However, cadmium is metabolized by humans
very slowly and even low dosss can result in the accumulation of toxic levels if
the oxposure continues for a long period of time. Because of the severe effects
of cadmium exposure, there is pending federal legistation proposing a ban on the
use of cadmium in pigments and on other nonessential uses.

Sources and Fate ~Most cadmium in the United States is obtained as a by-
product from the smeliing of zinc, lead, or copper ores. Cadmium is used
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primarily in metal plating and the manufacture of pigments, batteries, and
plastics. Cadmium is not often encountered at levels of concern in water,
although it can leach into water from pipes and solder or may enter water from
chemical waste disposal sites. The largest source of cadmium to the gencral
environment is the combustion of fossit fuels (such as coal or cil) or the incinera-
tion of municipal waste materials.

Cadmium in the atmosphere is persistent and easily respirable. It can be
wransporied to soil and water through wet or dry deposition. Cadmium in surface
water is relatively mobile, Because cadmium exists only in the 2+ oxidation
state, aqueous cadmium is not strongly influenced by the oxidizing or reducing
potential of water. Sorption by clays and iron oxides is important for reducing
cadmium in water, Cadmium is not reduced or methylated by microorganisms.

Cadmium is readily accumulated by all organisms, through both food and

water. Cadmium accumulates in freshwater and marine organisms at concentra-
tions hundreds to thousands of times higher than the concentrations found in
ambient water (Callahan et al. 1979). Aquatic bicconcentration is greatest for
invertebrates such as nmolluscs and crustaceans (bioconcentration factors range up
to 250,000, followed by fish and aquatic plants. Bioconcentration factors may
range up to 1,000 for aquatic plants and up to 3,000 for fish (Callahan et al.
1979). Typical concentrations of cadmium in organisms from nonpoltuted areas
range from 1 10 10 ug/kg in fish and from 100 to 1,000 ug/kg in shellfish (U.S.
EPA 1981; Casarett and Doull 1986). These values are similar to those docu-
mented in Puget Sound (Table IV). The highest concentration of cadmium in
Puget Sound sediments 1s associated with smelter wastes in Commencement Bay

_ (Tetea Tech 1985b).

Chromium

Chromium is a lustrous metal found in crystal or powder form. It is a
natural element occurring primarily as the mineral chromite, Since 1961, all
chromium ores have been imported by the U.S rather than mined. Chromium Is
widely distributed in tho environment and occurs in four different oxidation states.
Only two of these forms, trivalent chromium [Cr (III)] and hexavalent chromium
(Cr (VD), are environmentally important, Trivalent chromium is more common
and stable than hexavalent chromium, which is the more toxic and commercially
important form. In addition, hexavalent chromium is a strong oxidizing agent.
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Exposure Routes and Riska-—The primary routes of exposure to chromium
for humans are inhalation, ingestion, and dermal contact. Although the general
public is continuously exposcd to trace amounts of chromium, occupational
exposure is the major human health concern.

Chromium is an cssential nuirient in irace amounis, but excess hiexavalent
chromium causes kidney damage, birth defects, and genetic mutations in animals
and humans. The adverse health effects of excess trivalent chromium are simitar,
but much higher concentrations are required to produce these effects (U.S. EPA
1986a). Therefore, analysis for lotal chromium in environmental samples may
not be sufficient to establish toxicity. It is not known whether trivelent chromium
is a carcinogen. Although no data are available concerning the acute toxicity of
trivalent chromitum to saltwater organisms, hexavalent chromium is highly toxic
{0 AGUALC organisms, o T

Sources and Fats—Chromium is widely used in electroplating and metal
finishing, in paints and fungicides, as a catalyst, and as a component of wood
preservatives, Chromium can be found in emissions from copper smelters and
coal combustion and in slag wused as fill and sandblast grit. The two major
sources of hexavalent chrominm are cooling towers and chrome plating wastes.
~ Although chromium has been detected in fish, water, and sediments throughout
Puget Sound (Table 1V), data are lacking on the refative amounts of trivalent and
hexavalent chromivm. However, most chromium in Pugel Sound appeats to be
associated with natural sources (Barrick et al. 1988).

The dominant fate process for chromium in the aquatic environment varies
with the species of chromium. While trivalent chromium rapidly adsorbs to
particulate matesial, hoxavalent chromium does not. Hexavalent chromium is
accumulated by marine animals, but the trivalent form is not accumulated to a
significant degree. Ultimately, the fate of both forms of chromium depends on.
a number of factors including pH, dissolved organic carbon lovels, sediment
organic matter content, and physical properties of sediments,

Copper

Copper is a metal that occurs naturally in rock, soil, water, sediment, and
air, as well as In plants and animals, It is an essential element for all living
organisms. Copper compounds occur both naturally and anthropogenically.
Copper is mined cxtensiveiy and is extremely malleable,
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Exposure Routes and Risks —Because copper is common in the environ- .

ment, humans may be exposed through inhalation, ingestion, and dermal contact.
However, exposure to humans is likely lo be limited because copper binds
stwrongly to dust and dint or becomes embedded in other materials, Such copper
is not casily absorbed. Copper found in hazardous waste siles is usually in this
particulate form. Soluble copper compounds used most commonly in agriculiure
may pose a greater health concern because they may be taken up by planis and
animals or released into rivers and lakes. The risks from (ke transport of soluble
copper compounds to surface water and groundwater may be lessened because
they are rapidly adsorbed to particles.

Humans rormally consume approximately 1 mg of copper per day. Although
a large single dose of copper may cause kidney and fiver damage or death, the

body has effective me-hanisms for blocking the entry of excess copper. Infantsw

and smatl children are more sensitive (o copper than adults, atthough there is no

evidence regarding human reproductive or fetal effects from excessive exposure

to copper. Copper is not 2 known carcinogen based on animal studies to date.
There is little information regarding copper toxicity in humans, and the cffecis
of inhalation and dermal contact have not been well siudied, However, copper
can be highly toxic to aquatic organisms at concentrations that are only somewhat
higher than nuiritional doses. Because copper is highly toxic to marine plants,
copper-containing paints and preservatives have been widely used to control algal
growth on boats and piers, '

Sourcas and Fate—Copper is used primarily as an alloy in the manufacture
of wire, sheet metal, pipe, and other metal products, especially brass and bronze.
Copper is also used in agriculture to treat plant diseasos such as mildew. Other
uses include water treatment (as an algicide) and preservative treatments for
wood, leather, and fabrics, Consequently, copper may be found in the effluents
of industries associated with those vses. '

Several processes determine the fate of copper in water including sorption,
complex formaton, and bioaccumulation. Inaddition, the fate of copper is highly
dependent on pH, biological activity, and the presence of competing heavy
metals. ‘The bioconcentration factor of copper in fish is 10-100, which is
relatively low compared with other species that easily bioaccumulate. For
example, bloconcentration factors in oysters may reach 30,000 (Callahan et al.
1979; U.S. EPA 1984b). The absence of substantial bioaccumulation of copper
by Puget Sound fish relative to levels of sediment contamination in some areas
of the sound Is consistont with the considerable ability of marine fish to regulate
levels of most metals in muscle tissue (Ginn and Barrick 1988).
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Cyanides

Cyanides are a diverse group of organic and inorganic compounds. Hydro-
gen cyanide is the best known and most toxic of the ¢yanides. It occurs rarely
in nature and is usvally prepared commercially from ammonia and methane.
Cyanide ions can react with a variety of metals to form insoluble metal cyanides.
Iron cyanides (ferricyanides and ferrocyanides) have a variety of industrial uses.

Exposura Routes and Risks—Cyanide is readily absorbed by humans
through the skin and all mucous membranes. Inhalation is also an exposure
route, although alkali salis of cyanide are toxic only if ingested. In general, an
organism exposed to cyanide will either quickly metabolize the substance or be
killed. In the case of hydrogen cyanide, death is caused through interference with
the enzymes associated with cellular oxidation. Death occurs within minutes to
several hours after exposure to even small amounts of sodium or potassium
cyanide, depending on the exposure route. Death is more rapid after inhalation
of cyanide fumes.

Sources and Fate—Cyanide is found in certain rat and pest poisons, silver
and metal polishes, photographic solutions, and fumigants. It may be found in
the effluents of copper smelters and metal manufacturing facilities.

The data on fate of cyanides in the aquatic environment are inconclusive and
should be interpreted with caution. Volatilization and biodegradation appear to
be the dominant processes affecting aquatic cyanide. Cyanides are sorbed by
organic materials and, to a lesser extent, clay minerals. Hydrogen cyanide is not
strongly partitioned into benthic or suspended sediments, primarily due to its high
water solubility. However, the simple metal cyanides are insoluble and probably
accumulate in sediments. Complex metat cyanides are transported in solution
through the water column. Changes in the concentration ratio of metals to
cyanide can alter the behavior of the metal-cyanide compounds. If the metals
become more prevalent, formation of the simple metal cyanides is favored; if the
cyanide becomes more prevalent, the complexed forms occur. Tron cyanides do
not release cyanide without exposure to ultraviolet light; thus, sunlight can cause
mobilization of cyanide in water containing iron cyanides.

There is little potential for bioaccumulation of cyanides; hydrogen cyanide
Is either metabolized or is fatal to organisms, Metal cyanides are less loxic and
may have a greater tendency to bioaccumulate. Cyanides are biodegraded at low
concentrations by almost all organisms,
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Lead

Lead is a naturally cccursing heavy metal that is a major constituent of more
than 200 minerals, the most common of which is galena. The metal is bluish-
white, very soft, highly malleable, duciile, a poor conductor of electricity, and
very resistant to corrosion,

Exposure Routes and Risks—Humans accumulate lead by ingestion of
food, water, and soil; through exposure to other sources such as ink and paint;
and by inhalation of atmospheric lead. Controversy exists over the relative
importance of these sources and their coatribution to the toxic effects of lead in
humans.

Exposure to lead has been linked to a wide range of cffects in humans, |
including neurological disorders and impairment of blood syathesis. Considerable
research has been conducted on fead levels in human tissues and on correlations
between levels of lead in children and impaired intellectual development. Certain
lead compounds (i.e., lead acetate and lead sulfate) have been designated probable
human carcinogens by U.S, EPA (1990c) based on animal (ests,

Little research has been conducted on the effecls of lead on aquatic organ-
isms, particularly maring organisms. Acute toxicity to lead has been documented
for 13 saltwater species at concentrations in water that range from 315 to
27,000 ppb (U.5. EPA 1986a). Chronic effects have been documented for
mysids and some species of macroalgae. In addition, lead can suppress reproduc-
tion in marine polychaetes,

Sources and Fate —The primary sources of lead to the environment include
discarded batteries, leaded gasoline spills or leaks, motor vehicle emissions,
paints, inks, dyes, and the emissions and slag of copper smelters. Lead is also
used in some chemical processes and is present in solder and plumbing, Because
lead is ubiquitous in urban areas, urban runoff is a common source of lead

- pollution, Concentrations of lead in sediments from urban bays of Puget Sound
. ¢an bo as much as 10 times higher than those found in referenco areas of Puget
' Sound and, in isolated cases, may be as much as 1,000 times higher (Tetra Tech
! 1985b, Beller ot al. 1988, Pastorok et al. 1988).

The fate of lead is influenced by the particular oxidation state [i.e., Pb (0,
Fb (1), or Pb (IV)). Lead oxists principally as Pb (II) in most waters, and
adsorption to sediments and suspended sediments is the predominant fate. Lead
tends to form complexcs with organic materials in water, Benthic microorgan-

T
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isms can methylale inorganic lead to form a more volatile and toxic form.
Bicaccumulation occurs with weakly sorbed lead, although biomagnification is not
generally significant. Bioconcentration factors tend to decrease as the trophic
level increases.

Mercury

Mercury is a naturaily occurring element used in its pure form in many
consumer products (e.g., thermometers and barometers). It is also found in
compounds with other chemicals such as chlorine. Organic mercury (¢.g., methyl
mercury) can become highly concentrated in the flesh of carnivorous freshwater
and saltwater fish (e.g., concentrations in pike and swordfish have exceeded |
pe/g in tissue) (U.S. EPA 1984c). Therefore, otherwise low levels of mercury
contamination in oceans and Iakes can lead to contamination of these fish that
may be toxic to humans. Mercury that is released to the environment remains
there indefinitely and its form (inorganic or organic) may change over time.

Exposure Routes and Risks —Because mercury occurs naturally, exposure
to low levels from all media is continuous. Certain segments of the general
population are exposed to higher levels of mercury through the consumption of
large amounts of fish that accumulate mercury. Inhalation of mercury associated
with occupational exposure also is a source of higher levels of mercury, Occupa-
tions posing greater than normal risks of exposure include health-related,
chemical, metallurgical, electrical, automotive, and buiiding industries.

Mercury easily enters the body via inhalation and ingestion, and some
mercury may be absorbed through the skin. In particular, methyl mercury is
readily accumulated by fish, which has led to major concerns for human health
from the consumption of mercury-contaminated fish, Mercury that has entered
the body may take months to be eliminated. Long-term exposure to either
organic or inorganic mercury can irreversibly damage the brain, kidneys, and
developing fetuses. The form of mercury and the route of exposure influence the
severity of health effects (ATSDR 1989a). For example, ingestion of organic
mercury in contaminated fish or grain causes greater damage to the brain and to
developing fetuses than to the kidneys. Inhated inorganic mercury vapor tends
to cause greater harm to the brain, Inorganic mercury ingested in contaminated
food or water tends to cause greater harm to the kidneys. Short-term exposuse
causes similar effects, although full recovery is more likely. Mercury has not
been proven carcinogenic. Effects of mercury reported in studies of aquatic
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organisms included increased mortality, reduced growth and reproduction, and
skelctal abnormalities. Mercury is considered the most toxic of the heavy metals
to aquatic organisms.

Sources and Fate—Mercury in the environment has both natural and
anthropogenic sources. The major source of atmospheric mercury is global
degassing of mineral mercury from the soil and water, at a rate of approximately
30,000 metric tons per year (U.S. EPA 1984c). Subsequent deposition of
aimospheric mercury in the ocean (approximately 11,000 metric tons per year)
is the predominant source to the marine environment; land runoff accounts for
less than half this amount. Releases of mercury to the air by human activities are
estimated at 2,000-10,000 metric tons per ycar, mostly from the mining and
smelting of mercury ores, industrial processes, and combustion of fossil fuels
(especially coal). Other sources of emissions may include chloratkali manufactur-
ing facilities, copper and zinc smelting operations, paint application, and waste
oil combustion. Of these,. fossil fuel combusiion is the largest source,

Weathering of mercury-bearing minerals in rocks releases approximately 800
tetric tons of mercury per year to surface waters. Mercury is also released to
surface waters in effluents from numerous industrial sources including mining
operations, ore processing, chloralkali production, metallurgy and electroplating,
leather tanning, and the manufacture of chemicals, ink, paper, pharmaceuticals,
and textiles, Mercury was used in marine paint to control mildew and barnacles
before the 1970s, comributing to contamination of sediment near marinas and ship
repair facilities. Mercury is released to cultivated soils through the direct
application of inozganic and organic fertilizers (e.g., sewage sludge and compost),
lime, and fungicides. Additional releases occur through the disposal of industrial
and domestic products (e.g., thermometers, electrical switches, batteries) as solid
wastes in landfills. In Puget Sound, a2 major historical source of mercury has
been a chloralkali plant in Bellingham (Bothner 1973).

The global cycling of mercury is characterized by degassing from soils and
surface waters, followed by atmospheric transport, deposition to land and surface
waters, and sorption to soil and sediments. The atmosphere is the smallest
environmental reservoir for mercury, containing only about 1,000 meiric tons.
Mercury is renoved from the atmosphere through wet and dry deposition and by
the sorption of mercury vapor to soil and surface waters, Transpost and
partitioning of mercury in surface waters and soils is a function of the particular
form of mercury. Volatile forms evaporate to the attosphere, while solid forms
partition to sediments or suspended sediments or are transported in the water
column, depending on solubility,. Nonvolatile forms of mercury sorb to soif and
sediment, Bacteria common 10 most waters are capable of converting virtually
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any mercury compound to .~xic methyl mercury, which has significance in
bioaccumulation.

Nickel

Nickel is a natural element that forms compounds with sulfur and oxygen.
Nickel is silvery-white, hard, malleable, ductile, somewhat ferromagunetic, and
a fair conductor of heat and electricity. The commonly occurring oxidation states
of nickel are Ni (0), Ni (T), and Ni (Il). In addition to natural sources, nickel
is produced either as a by-product from copper refining or is recycled or
reclaimed from secondary sources. ,

Exposure Routes and Risks - Occupational inhalation of nickel, especially
in the nickel-refining industry, presents the most serious exposure risk to humans.
However, humans may also be exposed to nickel by ingestion or dermal contact
because nickel is present naturally in the environment. Dietary nickel levels have
been estimated to range from 100 to 300 ug/day and average 165 ug/day
(Casarett and Doull 1986).

There is growing evidence that nickel may be an essential trace element for
mammals, However, nickel is not well absorbed by the body and is excreted
almost completely within 5 days. Dermal exposure may also cause allergic
reactions, There is limited evidence of the carcinogenicity of nickel and certain
nickel compounds in humans, Hoewever, there is sufficient evidence indicating

carcinogenic effects to workers exposed to nickel sulphide fumes and dust at

nickel-refining facilities. Reduced larval survival and growth were reported in
studies of aquatic organisms exposed to high levels of nickel, Nickel is apparent-
ly quite toxic to freshwater algae at concentrations of approximately 50 xg/L;
acute toxicity to saltwater species may occur as low as 150 ug/L (e.g., juvenite
mysid) (U.S. EPA 1986a).

Sources and Fata-~Nickel occurs naturally and enters the eavironment
through natural weathering processes. Nickel is also released as industrial
cfftuent or as atmospheric emissions from its use in electroplating, in metallic
alloys, as a catatyst for various organic processes, in batteries, and in enamels,
ceramics, and glass., Nickel is widely used to produce stainless steel, colns,
nickel steel for armor plate, and as a catalyst for hydrogenating vegetable oils.
Nickel has also been found in the effluents of copper smelters, chioratkali plants,
pulp mills, and dry-cleaning facilities.
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Nickel has been found at somewhat elevated concentrations in some sedi-
ments from nonreference areas of Puget Sound (Table IV). However, the mean
concentration of nickel is virtually identical in reference and nonreference areas
of the sound, suggesting a predominantly nawral source.

Nicket can be extremely mobile in aqualic systems because many nickel
compounds are highly soluble in water. However, in unpolluted environments,
nickel is primarily associated with suspended particles and organic material or is
coprecipitated with hydrous iron and manganese oxides. Photolysis and volatil-
ization are not important fate processes for nickel. Although nickel is bicaccumu-
lated, the bioconcentration factors suggest that partitioning into biota is not an
important fate process.

Silver

Silver is an element that occurs naturally as a soft metal. A common
anthropogenic source of silver is the disposal of photographic wastes in municipal
wastewater treaiment systems. Silver from photographic processes is usually
released as soluble silver thiosuifate, which is converted 1o insoluble forms during
wastewater treatment. Environmentally important forms of silver include silver
nitrate and silver sulfide, which are the forms usuvalty found at hazardous waste
sites.

Exposure Routes and Risks—-In the aquatic environment, silver is one of
the most toxic melals to organisms, especially invertebrates and fish
(U.S. EPA 1980). ‘The toxicity of silver to aquatic organisms ranks second only
to mercury among the heavy metals (Table II). Most people are exposed to very
low levels of silver, primarily through food and drinking water, which come at
least in part from naturally occurring silver in soil and water. Occupational
exposure is another source, especially in medicine, jewelry-making, soldering,
and photography. Silver may also enter the body by inhalation or dermal contacy;
tiowever, these are much less important routes of exposure to silver than
ingestion. Most of the silver that is consumed or inhaled leaves the body within
1 week. Litle information is available about the fate of silver in the body
resutting from dermal contact.

Greying of the skin and other body tissues is a well-known and permanent
result of long-term exposure o silver compounds, Gencrally, many exposures
to silver are required to produce this effect. Inhalation of dust containing
relatively high levels of silver compounds (e.g., silver nitrate or silver oxide) may
cause breathing problems, tung and throat irritation, and stomach pain. Dermal
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exposure has caused mild allergic reactions in some people. Higher occupational
exposures may cause kidney problems, but existing studies arc inconclusive.
There are no other reported health effects of silver exposure.

Sourcas and Fate —Discharges of photographic materials into wastewater
is the major source of silver released into the environment. It is also released as
a by-product from the mining of copper, lead, zinc, and gold ores. Direct mining
of silver is another large source. Hazardous waste sites are sources of silver
compounds, and silver is released naturally through the weathering of silver-
bearing rocks and soil,

Other important sources of silver include the manufacture of electrical
contacts, silver paints, and batteries, as well as steel refining, cement manufactur-
ing, fossil fuel consumption, municipal waste incineration, and cloud seeding.
Ore smelting and fossil fuel consumption processes emit fine particles of silver
to the atmosphere. Sources of elevated dietary silver include seafood from areas

near sewage outfalls or industrial sources and crops grown in areas with high

ambient levels of silver in the air or soil.

Silver is capable of being transported long distances in air and water. Itis
stable and remains in the environment until it is mined, but may change forms
depending on environmental conditions. Sorption and precipitation are the
dominant processes controlling partitioning in water and movement in soil. Silver
may leach from soil into groundwater. Silver is bioconcentrated to 2 moderate
extent in fish and invertebrates. There appears to be little patential for silver
biomagnification in tested aquatic food chaing (Callahan et al, 1979).

2inc

Zinc is found naturally in air, soil, and water and is present in all foods. It
is an essential nutrient for all organisms in trace amounts. As a refined metal,
zine is used In its pure form, as an alloy with other metals, and in compounds
with chemicals.

Exposura Routes and Risks —Zinc enters the bedy easily through ingestion
and inhalation. Dermal absorplion is a relatively small exposure route for zinc.
Most zinc not needed by the body is excreted. Higher than average exposure lo
zinc can occur from drinking water that has been stored in galvanized metal
containers, from sources contaminated with industrial zine wastes, and from the
air at galvanizing, smelting, welding, or brass foundry operations. Higher levels
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of exposure can also result from use of dictary supplements and by injection of
certain drugs {e.g., insulin} that contain zinc salts.

Gastrointestinal problems can occur afler ingestion of excess zing; severity
of the problems can increase with long-term ingestion. Excess zinc may also
interfere with the body's ability to absorb and use other essential mincrals such
as copper and iron. Inhalation of zine may cause metal fume fever, a temporary
syndrome. Zinc is not known to cause cancer or birth defects. Insufficient levels
of zinc have also been associated with adverse health cffects.  Significant
decreases in reproduction and growth have been reported in fathead minnows,
guppies, and polychaetes after exposure to zinc.

Sources and Fate —Zinc is used most commonly as a protective coating for
other metals. In addition, it is used in alloys such as bronze and brass, for
electrical uses, and in organic chiemical extractions and reductions. Zine chlaride
is a primary ingredient in smoke bombs. Salts of zinc are used as solubilizing
agents in many drugs (e.g., insulin). Zinc and copper alloys are used in coinage.

Zinc is released to the air as dust and fumes from zinc production facilities,
lead smelters, brass works, automobile emissions, fuel combustion, incineration,
and soil erosion. Refuse incineration, coal combustion, smelter operations, and
metallurgical industries are major sources of zinc in air. Zinc releases to air
accoum for only a small portion of the total environmental release. Erosion of
soil particles containing zinc is the largest overall source of zinc to the aquatic
environment but the effect on water quality at any one location is likely minor
(ATSDR 1989b). More concentrated sources of zinc to aquatic environments
include urban runoff, mine drainage, and municipal and industrial effluents.
Metal corroslon and tire abrasion also contribute to urban runoff. Industries that
direcily discharge zinc to water include iron and steel, zinc smelting, plastics, and
electroplating, Municipal wastewaters are major contributors of zinc in estuarine

. environmenis,

Adsorption to sediments is the dominant fate of zinc in the aquatic environ-
ment, Zinc partitions to sediments or suspended solids in surface waters through
adsorption onto hydrous iron and manganese oxides, ¢lay minerals, and organic
material. The tendoncy of zinc to be adsorbed is affected by the nalure and
concentration of the sorbent, and by the pH and salinity of the water. Zinc tends
to sorb more readily at higher pH levels and desorption of zinc from sediments
occurs as salinity increases, Zinc does not volatilize significantly from water.
Although bioaccututated by all organisms, zinc probably does aot biomagnify in
the food chain (Callahan ¢t al. 1979; Ginn and Barrick 1988).
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ORGANOTINS

Use of organotins {including methyltins, butyltins, and cihyltins) as the active
biocide in antifouling paints for ships and marine structures has increased
dramatically over the past two decades. Organolins, especially tributyltin (TBT),
have been 1argeted for environmental concern. In 1988, Congress passed the
Organotin  Antifouling Paint Control Act (o restrict the use of organotins.
Analysis of organotins is made more difficult because they behave as both metals
and organic compounds, and their aquatic chemistry is not completely understood.

Exposure Routes and Risks —The primary risk of exposure to organotins
is from leaching of paint into ambient water, where the organotins are adsorbed
to suspended or benthic sediments. Organotins are bicaccumulated by aquatic
organisms exposed to contaminated sediments; but no action levels or other
maximum acceptable concentration in tissue has been established,

Organotins are very toxic to marine organisms and TBT is the most 1oxic of
the organotins. TBT is acutely toxic, by design, lo aquatic life at concentrations
exceeding 0.5 ug/L, with acute lethal concentrations reported for embryo, larval,
and post-larval clams, mussels, and oysters at concentrations of approximately
0.6—4.0 ug/L (Center for Lake Superior Environmental Swdies 1988). TBT
bicconcenttation factors for mussels and oysters have been reported in the range
of 6,800 to 11,400 (Center for Lake Superior Environmental Studies 1988),

Sources and Fate—Recause of their use in antifouling paimts, primary
sources of organotins are marinas, small boat harbors, vessel repair facilities, and
berthing areas. Organotins have been used as agricultural fungicides to contro}
plant diseases, as insecticides, sad as biocides in pulp mills, breweries, textile
mills, and leather-processing facilities. Organotins are also used to stabilize
polyvinyl chloride, '

The fate of organotins, like other toxic organic compounds, is determined by
physical, chemical, and biological processes, Photelysis and biological degrada-
tion act to modify TBT {n water. The adsorption of TBT to suspended pasticulate
material and sediments results in TBT concentrations that arg approximatsly 3
orders of magnitude higher than those found in water.

Among pathways available for degrading TBT in water, aerobic metabolism
appears the most imponant, Many groups of plants and animals appear capable
of readily degrading TBT. Rapid half-lives of 4-14 days have been reported in
algae. TBT appears to be degraded by progressive debutytation to dibutyltin,

62

Eﬁ.ﬁ i - -ﬁ. o T— 5 .
it ———— e . . - -




DESCRIPTIONS OF
POLLUTANTS

monobutyltin, and inorganic tin (Center for Lake Superior Environmental Studies
1988). The intermediate products appear to be less toxic than TBT.

The metabolism of TBT in aquatic life and humans appears only slightly
slower than microbial metabolism. TBT is bioconcentrated by fish and inverte-
brates to approximately 3,000 times the ambient water concentration. The
contribution of dietary accumulation to the tofal body burden is much less than
that from bioconcentration. Biomagnification is unlikely because TBT is
eliminated (i.e., depurated) at all trophic levels, including fish and humans,
However, definitive tests are necessary o resolve many yemaining questions of
the environmental effects and fate of organotins.

NONIONIC ORGANIC COMPOUNDS ~ AROMATIC HYDROCARBONS

In this section, characteristics of polycyclic aromatic hydrocarbon (PAH)
compounds and related aromatic hydrocarbon compounds are suminarized.
Characteristics of additional nonionic organic compounds (compounds that do not
dissociate in water) are summarized in subsequent sections,

Polycyclic Aromatie Hydrocarbon Compounds

PAH compounds are a group of chemicals formed most commonly during
incomplete combustion of organic materials (e.g., coal, oil and gas, garbage, and
wood). HPAH compounds (compounds having =4 aromatic rings) are present
in high concemration in these combustion products. LPAH compounds (3 or
fewer aromatic rings) tend to be found in high concentration in uncombusted
fossil fuels. PAH compounds are ubiquitous in the environment and natural
sources of these compounds include forest fires and volcanoes, as well as oil
seeps and erosion of coal beds. Tn Puget Sound, major sources of PAH com-
pounds to Puget Sound include industrial and municipal discharges, mining and
erosion of coal beds, and at least historically, forest fires (Barrick 1982; Barrick
et al. 1984; Bates et al. 1984; Yake et al. 1984; Barrick and Prahl 1987),

There are no uses for most individual PAH compounds except as research
chemicals. However, PAH compounds occur in several important mixtures,
including creosote, which is comprised of greater than 85 percent PAH com-
pounds., Because they have many of the same sources, individual PAH com-
pounds are not distinguished in this discussion. Information for individual PAH
compounds is included in Appendix A, primarily because of differing degrees of
toxicity and persistence. LPAH compounds include acenaphthene, acenaph-
thylene, anthracene, {tuorene, and phenanthrene. HPAH compounds include
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fluoranthene, pyrene, benz(a)anthracene, benzo(b)fluoranthene, benzo(k)luor-
anthene, benzo{g,h.i)pyrene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene,
and indeno(1,2,3-cd)pyrene.

Exposura Routes and Risks—Because PAH compounds are found
throughout the envirenment, humans may be exposed to PAH compounds by
inhalation, ingestion, and dermal contact. Inhalation is by far the most common
exposure route,

Although PAH compounds may have similar toxicological effects and
environmental fates, the healih effects of individual PAH compounds are not
identical. Reliable health-based studies exist only for a few compounds; potential
health effects of the remaining compounds must be inferred from available
information. PAH compounds enter the body casily, and the rate of absorption
is increased when the PAH compounds are present in oily mixtures. Animal
studies indicate that most PAH compounds are metabolized within a few days.
Several PAH compounds [i.e., benz(a)anthracene, benzo(a)pyrene, benzo(b)fluor-
anthene, benzo(k)fluoranthene, chrysene, dibenz(a,hjanthracene, and indeno-
(1,2,3-cd)pyrene] have been identified as animal carcinogens.

Although there is no available information regarding cancer in humans
following inhalation exposure to individual PAH compounds, epidemiologic
studies show increased mortality from lung cancer in humans exposed to coke-
oven emisstons, roofing-tar emissions, and cigarette smoke. Because each of
these sources containg variou$ mixtures of individval PAH compounds as well as
other potentially carcinogenic chemicals, the contribution of any individual PAH
10 the total carcinogenicity of these mixtures in humans has not been evaluated.
Despite these limitations, the stdies provide qualitative evidence of the potential
for mixtures containing PAH compounds to cause cancer in humans. Adverse
immunological, reproductive, and genetic effects have been shown in studies on
mice, No information is available regarding similar effects on humans.

Sources and Fate —The primary source of PAH compounds in the air is
the burning of wood and fuel for residential heating, Qther common sources are
vehicle exhaust, asphalt roads, coal tar and coal tar production, agricultural
burning, hazardous waste sites, tobacco smoke, creosote-treated ‘wood, coking
plants, coal gasification, smokehouses, aluminum production, and municipal wasts
incinerators, PAH compounds are also found in most foods (e.g., cereals, grains,
vegetables, fruits, and meats). Most of the PAH compounds in surface waters
and solls are believed to result from atmospheric deposition. For any given body
of water, the major source of PAH compounds could vary depending on the prox-
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imity of other sources such as municipal wastewater treatment plants and wood
treatment facilities, Most nonreference area sediments in Puget Sound have
significantly elevated PAH levels compared with reference areas (Table IV).
Sources of PAH compounds in the marine environment include wood treatment
facilities, docks and pilings, coal incineration and handling facilities, pulp mills,
organic chemical plants (e.g., manufactuse of dyes, plastics, and pesticides), and
urban runoff from automobile emissions. The composition of PAH emissions to
the atmosphere varies with the combustion source [e.g., emissions from residen-
tial wood combustion contain more acenaphthylene than other PAH compounds,
while auto emissions contain more benzo(g,h,i)perylene and pyrene].

In surface waters, PAH compounds may volatilize, photooxidize, biodegrade,
adsorb to sediments, or bicaccumulate in aquatic orpanisms (with bioconcentration
factors ranging from 100 to 2,000). In sediments, PAH compounds can biode-
grade or bioaccumulate in aquatic organisms. In soils, PAH compounds can bio-
degrade or bioaccumulate in plants, and they may also enter groundwater and be
transported within an aquifer.

PAH compounds attach to dust and other airborne particles and are capable

. of being transported long distances, hence their detection in relatively uncontami-

nated areas, PAH compounds photooxidize and react in the atmosphere with
other pollutants, Atmospheric half-lives are generally less than 30 days.

The PAH compounds are classified in the pollutant tables according (o low
or high molecular weight. PAH compounds within each weight classification
generalty share similar environmental fates. Transport and partitioning character-
istics are also roughly correlated to molecular weights of PAH compounds, in
large part because the solubility of PAH compounds tends to decrease with
increasing molecular weight. HPAH compounds have stronger adsorption
tendencies and less significant volatilization, and some HPAH compounds are
carcinogens. LPAH compounds show moderate adsorption tendencies, more
significant volatilization, and greater microbial degradation. No LPAH are
established carcinogens,

Methyinaphthalenss and Mathylphananthrenes

Moethylnaphthalenes are alkylated forms of naphthalene and are generally
found with other PAH compounds, Methylphenanthrenes are anatogous forms of
phenanthrencs. Both of these methylated groups of compounds are often detected
in Puget Sound sediments (Tetra Tech 1985b; Barrick and Prahl 1987; CH2M
Hill 1989) and originate primarily as fossil fuel products including ofl and coal
(Barrick 1982; Barrick et al. 1984). Because of their similarities in chemicat
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structuse and spatial distribwion, they have similar or identical sources, cffects,
and fates as those described in the section on PAH compounds.

NONIONIC ORGANIC COMPOUNDS —~ CHLORINATED AROMATIC
HYDROCARBONS

In the next sections, characteristics are described for the most common
chlorinated benzenes, polychlorinated dibenzofurans and dibenzodioxins, and
PCBs, which are all different types of chiorinated aromatic hydrocarbons.

Dichlorchanzones

Dichlorobenzenes are anthropogenically produced chemicals that are not
known to occur naturally, They exist primarity in the vapor state and are
ubiquitous in the environment. In general, they have low water solubilities and
low flammabilities and are chemically unreactive.

- Exposure Routes and Risks--The general population is exposed to
dichlorobenzenes through the consumption of contaminated drinking water and
food (particularty fish; although dichlorobenzenes bioaccumulate to only low ppb
tevels in fish) and through inhalation of contaminated air. Data supgest that
inhalation may be a greater source of exposure than other routes with respect to
occupational exposure, and is a much more significant source of exposure than
the dermal route.

After absorption by the body, dichlorobenzenes are rapidly distributed to fat,
fiver, lung, heart, brain, and muscle tissue. These chomicals are eliminated from
the body within 5-6 days. Epidemiological studies are insufficient to characterize
human effects of exposure to dichlorobenzenes, Studies of acute and chronic
toxicity of dichlorobenzene isomers indicate that the compounds have simitar
target organs and effects. There is no evidence that dichlorobenzenes are
carcinogens. '

Saurces and Fate—Dichlorobenzenes are used in a number of organic
chemical syntheses and in solvents, efectrical equipment insulators, pesticides,
herbicides, and fungicides. Chemical waste dump leachates and direct manufac-
turing effluents are the major sources of dlchlorobenmnes.
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Sorption, bioaccumulation, and volatilization are expected to be competing
fate processes of dichlorobenzenes due to their lipophilic nature, relatively low
vapor pressure, and low water solubility relative to polar organic compounds.
However, dichlorobenzenes are relatively soluble compared with other nonpolar
organic compounds, such as HPAH (Howard 1989). The rate at which each of
these competing processes occur will determine the predominant fate, especially
in water. Adsorption to sediments is likely due lo (he low water solubility.,
Dichlorcbenzenes may be released directly to the atmosphere and soil in connec-
tion with their use as fumigants. Their detection in groundwater near hazardous
waste disposal areas indicates that leaching oceurs. Experimentat bioconcentra-
tion factor values suggest that significant bioconcentration does not occur,
although high bioconcentration factors were reported in a study of guppies. The
data suggest that bicaccumulation occurs in both animats and humans and that
dichlorobenzenes are biologically persistent. Volatilization from so0il surfaces
may be an important fate process. Dichlorobenzenes may be stowly biodegraded
in soil under aerobic conditions, Chemical transformation by hydrolysis,
oxidation, or direct photolysis is not an importar . fate process.

Hexachiorobanzene

Hexachlorobenzene (HCB) is a solid white crystalline compound, formed as
a by-product during the manufacture of chemicals used as solvents, other
chlorine-contalning compounds, and pesticides. HCB is the most persistent of the
chiorinated benzenes in the environment, It has a half-life ranging from 3 to 6
years in soll and approximately 30 days in water in one test (ATSDR 1990a;
Tabak ot al. 1981). HCB is not very water soluble and sorbs strongly to sedi-
meats. There are no current commercial uses of HCB in the United States. HCB
was used as a pesticide until 1985, when the last registration of HCB as a
pestictde was voluntarily canceled.

Exposure Routes and Riske —Proximity to industrial sources or hazardous
waste sites provides primary exposure routes for HCB. HCB may be transported
to the air by dust particles. Dermal contact is a major source of exposure. HCB
exposure may also occur by ingestion of certain foods (e.g., dairy products, meat,
and poultry). More HCB is absorbed if it is consumed in combination with fat
or oil,

HCB is rapldly transported to lissues in the body afler exposure and tends to
accumulate in fat tissue, Most HCB leaves the body, but small amounts may
remain for years, especially in the fat tissue. Specific effects of HCB exposure
via inhalation and dermal contact are not yet known, However, skin disorders
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have been reporied in humans following digestion of HCB. There is also
evidence that HCB is ioxic lo nursing mammals exposed through maternal milk.
There is sufficient evidence that HCB is a liver and thyroid carcinogen in test
animals and that HCB is considered a probable human carcinogen.

Sources and Fate —There are currently no documented producers of HCB
in the United States, and imporiation of this compound has also ceased.
However, HCB may still enter the environment as a by-product of the manufac-
ture of chlorinated solvents, other chlorinated compounds, and several pesticides,
In addition, an estimated 3,500-11,500 kg of HCB was inadvertently produced
during the manufacture of chlorinated solvents in 1984 (Carpenter et al. 1986).
HCB can also be produced during combustion processes such as the incineration
of municipal wastes. Total releases from this source aré estimated to range from
57 to 454 kg per year (Carpenter et al. 1986), HCB was also used in the produc-
tion of pyrotechnic materials (e.g., smoke bombs), atuminum, graphite elecirodes,
and dyes and as a component in wood preservatives. Direct discharges from
manufacturing facilities are the primary sources of HCB in water and sediments;
effluents from sewage treatment plants present a significant, but lesser, contribu-
tion.

HCB is one of the most persistent pollutants. It bicaccumulates in the
environment, in animals, and in humans. Low levels of HCB have been found
in almost all humans tested, most likely as a result of ingestion of HCB in foods.
Environmental HCB iz generally found tightly bound to soil and sediments.
However, because of the low water solubility of HCB, it is not usually found in
water (HCB was found in less than | percent of the groundwater samples taken
from more than 862 hazardous waste sites) (Carpenter et al. 1986). Because
HCB is not gencrally found in the atmosphere, photodegradation may be the
process that limits atmospheric levels of HCB. Biodegradation appears to be slow
in oxygenated waters. Leaching of HCB from soils is not significant, although
biodegradation removes HCB from soils over a period of years. Isensce et al.
(1976) did not report any degradation in soils after 1 yr of incubation under either
acrobic or anaerobic conditions; however, Fathepure et al. (1988) have more
recently reported anaerobic microblal dechlorination of such highly chlorinated
aromatic compounds. :

Polychlorinated Dibenzofurans
Polychlorinated dibenzofusans (PCDFs) are members of a group of wide-
spread and environmentally stable hatogenated tricyclic aromatic hydrocarbons.
PCDFs are not intentionally produced, but rather enter the environment as (race-
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impurities in PCBs and chlorinated phenols and as a result of combustion process-
es. PCDFs are structurally similar to PCBs and poiychlorinated dibenzo-p-
dioxins (PCDDs), with similar signs and symptoms of toxicity. Public concemn
over PCDFs is telated largely to their prevalence in the environment and to their
similarities to PCDDs, rather than to reporied health effects.

Exposure Routas and Risks —PCDFs have been detected in fly ash and in
flue gas from municipal and industrial incinerators. Residues of PCDFs have
been found in human breast milk, The most toxic PCDF congeners are 2,3,7,8-
tetrachlorodibenzofuran, 1,2,3,7,8-pentachlorodibenzofuran, and 2,3.4,7,8-
pentachlorodibenzofuran. PCDFs are severely toxic to animals and humans in
acwuie concentrations, resulting in relarded growth, birth defects, liver damage,
and skin lesions. Data on long-term exposure to PCDP: are not available.
PCDFs are not known carcinogens.

Sources and Fate—PCDFs enter the environment as conlaminants in a
number of chemical products, including herbicides, polychlorinated phenols,
HCB, PCBs, and thermal insulation materials. PCDFs are also formed from the
combustion of chlorinated material and can be found in incinerator fly ash.
PCDFs may be found at wood treatment facilities, at sites of transformer fires,
near incinerators, and at other facilities where these products are used or burned,

PCDFs are very persistent in sediments and have been found to bioaccu-
mulate in seal, fish, turile, and human fat lissue. PCDFs are generally quite
soluble in organic solvents, but water solubility decreases with chiorination.

Polychlorinated Dibenzo-p-dloxing

PCDDs [including 2,3,7,8-ietrachlorodibenzo-p-dicxin (2,3,7,8-TCDD)}
belong to a class of compounds commonly referred to as chlorinated dioxins.
According to the position and number of chlorine atoms, it is possible to foxrm 75
different congeners of chlorinated dioxins, Dioxins are fairly stable in the
presence of heat, acids, and atkalies. Of the dioxins, 2,3,7,8-TCDD is regarded
as the most toxic, and it is widely distributed in the environment. PCDDs are not
. produced intentionally and have no known uses, They are produced as unwanted
i by-producis of the manufacture of chlorophenols and their derivatives, including
: chlorophenoxy herbicides, germicides, and wood preservatives, The production

and use of 2,4,5-trichlorophenoxyacetic acld and 2,4,5-trichlorophenol as
defolinnts has been a major source of PCDDs. Although this production was

69




DESCRIPTIONS OF
POLLUTANTS

discontinued in the United States in 1979, present sources of exposure exist from
remaining stores, improper disposal methods, and hazardous waste sites.

Exposure Routes and Risks —Consumers may be exposed through
ingestion of contaminated food (e.g., fish, cow's milk), inhalation of contaminat-
ed dust or air, or dermal contact with contaminated plants, wood, and paper
products, Apart from certain industrial effluents and leachates from chemical
dump sites, no 2,3,7,8-TCDD has ever been reported in drinking water.
Therefore, it is expected that exposure through consumption of drinking water is
negligible, In mammals, 2,3,7,8TCDD is readily absorbed through the gastroin-
testinal tract. Although exposure from dermal contact and inhalation has also
been reported, it has been predicted that ingestion of contaminated food accounts
for 98 percent of the daily human uptake of PCDDs (Syracuse Research Corpora-
tion 1989). Occupational exposure occurs during the bleaching process in- pulp
and paper mills, at certain hazardous waste sites, at municipal and industrial
incinerators, and at chlorophenol production facilities. Accidental releases may
occur through transformer fires.

Some PCDDs (including 2,3,7,8-TCDD) are among the most toxic com-
pounds known, PCDDs have been proven toxic to unborn animals, and they
reduce fertility in some species, Althovgh 2,3,7,8-TCDD is highly toxic to all
species that have been tesfed, there are large differences in sensitivity among
species. Health effects similar to those caused by exposure to 2,3,7,8-TCDD are
expected for other PCDDs, although higher doses are required. The symptoms
of toxicity in humans after exposure to 2,3,7,8-TCDD include altered liver
function and fat metabolism, pathologic changes in the blood, and skin lesions.
Some of these symptoms may be attributed to other chemicals of which PCDDs
are minor contaminants. Based on animal studies, EPA (1990¢) has determined

: that 2,3,7,83-TCDD is a probable human carcinogen.

Sources and Fate—The primary sources of PCDE contamination are
associated with the industrial manufacture of chiorophenols and their derivatives
and with the subsequent disposat of wastes from these industries. Municipal
incineration facilities may also emit PCDDs. The data do not indicate the relative

. . importance of these sources in contributing to environmental emissions. Current
i data indicate that the maximum levels of PCDDs are likely to be found in soil and
* drainage sediment samples near chlorophenol manufacturing facilities and chemi-
cal waste disposal sites, There are few studies of atmospheric PCDD levels. In
the United States, the highest PCDD levels have been reported at hazardous waste
sites and in fish and wildlife tissue from areas contaminated with 2,3,7,8-TCDD
(Syracuse Research Corporation 1989),
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PCDDs are persistent contaminants that are not likely to undergo chemical
or biological transformation in air, water, or soil. The role of photochemical
wansformation in determining the fate of these chemicals in various ambient
media is unknown, but PCDDs are susceptible to photochemical reactions in the
presence of organic acids. In water, a substantial proportion of PCDDs may be
present sorbed to sediments or in biota. Although very persistent, 2,3,7,8-TCDD
may be removed from waler through volatilization and photolysis. In air, PCDDs
are expected 0 be present as a vapor and sorbed to pasticles. PCDDs in soils are
most likely transported to the atmosphere by contaminated dust particles and
direct volatilization from the surface and transported to surface water by erosion.
PCDDs are resistant to photochemical degradation and biodegradation in soil.
Several bioconcentration factors have been reported for 2,3,7,8<TCDD, but none
can be considered definitive values. Experimental bioconcentration factors for
aguatic organisms range from 2,000 to 39,000 (U.S. EPA 1985¢c; Syracuse
Research Corporation 1989), with EPA's best estimate established at 5,000 (U.S.
EPA 1985¢). .

g

Polynhilorinated Biphenyls

et o

PCBs are environmentally persistent campounds that have a strong tendency
to accumulate in aquatic sediments and in tissues of aquatic organisms. There are
209 PCB congeners (Mullin et al. 1984). Various mixtures of these compounds
were marketed in the past and can somctimes be identified in the environment.
However, the compounds do not all degrade at the same rate, confounding
attempts to identify original sources of contamination.

S T N A e

Ty

Exposura Routes and Risks—PCBs eater the body through ingestion of
contaminated food, inhalation of contaminated air, and dermal contact. The most
common route of exposure is through the consumption of fish and shellfish from
PCB-contaminated water. Exposure from consumption of contaminated drinking
water is minimal.

Y

Although the effects of PCSys have been diminishing since manufacturing of
the chemicals ceased in 1977, it is expected that there are continued health effects
in connection with certain occupations. Studies performed on humans show that
trritations such as acnelike tesions and rashes can occur in PCB-exposed workers.
PCBs are also classified by U.S. EPA (1990¢) as probable human carcinogens.
The sublethal toxic effects of PCBs are well documented for phytoplankion,
mammals, and birds (Casarett and Doull 1986).
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Sourcas and Fates —PCBs have beea used primarily as coolants and lubri-

cants in transformers, capacitors, and other electrical equipment. Sources of

PCBs include transformer leaks or spills, old hydraulic fluids, lubricants,

pesticides, and surface coatings. However, manufacturing of PCBs was banned

in the United States in 1977 because of human health hazards resulting from high

PCB levels in fish and shellfish, environmental persistence, and bioaccumulation

levels. Importation of PCBs was banned by the federal Toxic Substances Control

Actin 1979, Although there are no new industrial {point) sources of PCBs, many

: of the transformers and capacitors that contain PCBs are still in service. These

. products present ongoing risks of exposure through illegal or inadequate disposal

methods and accidental release (e.g., transformer explosions and fires). PCBs

have been found in high concentrations in small areas of urban bays in Puget

Sound (Malins et al. 1982; Tetra Tech 1985h; Chan et al, 1985a,b; Stinson et al.

1987; Beller et al. 1988). However, PCBs are widely distributed and occur in
most sediment and tissue samples taken from the sound.

P

- PCBs are relatively insoluble in water compared with many other organic
i compounds and are highly soluble in solvents. PCBs also resist hydrolysis and
oxidation. These factors make them highly persistent in the environment and
susceptible to bioconcentration. However, contaminants similar to PCDFs may
. account for some of the harmful effects atiributed to PCBs. There is ample
evidence that PCBs bioaccumulate in the food chain; the degree of bioaccumula-
tion may depend on fat content, the octanol-water partitioning coefficients, and
the structure of PCBs, rather than on the quantity of PCBs ingested. Additional
factors are the size and age of the aquatic organism and water temperature. The
4 degree of chlorination affects metabolism, bioconcentration, degradation, adsorp-
tion, and volatilization of PCBs. Generally, metabolization, degradation, and
volatilization decrease with chiorination, while bioconcentration and adsorption
increase. Sorption to sediments is an important fate process for PCBs that
depends on salinity, sediment organic content, and sediment size, If anaerobic
degradation of PCBs In sediments occurs, it is a very stow process.

~ NONIONIC ORGANIC COMPOUNDS — MISCELLANEOUS EXTRACTABLE
COMPOUNDS -

K _ In the next sections, the characteristics. are described for several nonionic
organic compounds that do not fit within the classes of compounds discussed in
previous sections. Thess compounds include N-nitrosodiphenylamine, MEK,
bis(2-ethylhexyl)phthatate, hexachlorobutadiene, and dibenzofuran.
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N-Nitrosodiphenylamine

N-Nitrosodiphenylamine is an EPA-designated priority poliutant from the
class of chemicals known as nitrosamines, Tt may occur naturally during the
metabolism of nitrates and amines. There is little published information on this
chemical, and relatively littte is known of its aquatic fate and environmental and
human health effects.

Exposure Routes and Risks —Humans are primarily exposed to N-nitroso-
diphenylamine through dermal contact with rubber and vinyl products, Ingestion
is a secondary source. Although there is sufficient evidence of carcinogenicity
in animals, N-nitrosodiphenylamine has only a suspected human carcinogen.

~ Sources and Fate —N-Nitrosodiphenylamine is used in the vulcanization of
rubber, as a chemical intermediate in the production of dyes and pharmaceuticals,
and as an antioxidant, N-Nitrosodiphenylamine is more siable than most nitro-
samines, but it is sensitive to light and undergoes photolytic degradation. When
heated to decomposilion, it emits toxic fumes of nitrogen oxides. Photolytic
degradation and sorption to sediment appear to be the most impastant fate
processes, It is also possible that intestinal microflora of vertebrates can both
synthesize and degrade N-nitrosodiphenylamine in the environment (Callahan et
al, 1979).

Mathylethyl Katone

MEK, also known as 2-butanone, is used as a solvent in lacquers, adhesives,
rubber cements, inks, paint removers, and c¢leaning solutions, MEK is also
present in vehicle exhaust.

Exposure Routes and Risks—Primary human exposure routes include
inhalation of contaminated workeoom air, vehicle exhaust, and other forms of air-
pollution. There are limited data available indicating that MEK is a natural
component of some foods, so ingestion is also a source of exposure.

Sources and Fata~MEK is discharged into water as wastewater effluent
and enters the atmosphere from industrial emissions. It is strongly associated
with photochemical smog events, although it is usually absent from ambient air.
It is formed by the natural photooxidation of hydrocarbons emitted from automo-
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biles and other industrial sources, MEK may be a natural component of certain
foods. MEK is removed from water generally by evaporation or slow biodegra-
dation, It will not hydrolyze under normal conditions. Although it will not
indirectly photooxidize in surface waters, it may be subject to direct photolysis,
1t does not significantly adsorb to sediments or bioconcentrate in aquatic organ-
isms. MEK will partially evaporate from near-surface soils and leach into
groundwater; it is subject to stow biodegradation in both soil and groundwater,
MEK exists primarily in the gas phase in the aimosphere and will photodegrade
at a moderate rate or wilt be removed by rain.

Bis{2-ethylhexyliphthalate

Bis(2-ethyl)hexylphthalate is a colorless liquid that is insoluble in water,
miscible with mineral oil, and soluble in most organic solvents. Tt is used in
large quantitics as a plasticizer for polyvinyl chloride and other polymers.
Because of its use as a plasticizer, it is a common laboratory contaminant,
Bis(2-ethyDhexylphthalate is also used as a replacement for PCBs in dielectric
fluids for electricat capacitors. It may also be naturally produced by plants and
animals, :

Exposure Routes and Risks —Exposure to bis(2-ethyDhexylphthalate
occurs from inhalation of contaminated air, consumption of contaminated food
(especially fish, milk, and cheese) and water, and dermal contact with products
containing bis(2-ethyl)hexylphthalate, Although occupational exposure during the
production of plastics is the source of the greatest concentrations of bis(2-
etrlgll)hexylphthalate. the most widespread exposure results from its use in plastic
products.

Although there are no data available to evaluate the carcinogenicity of bis(2-
ethyDhexylphthalate in humans, it has reportedly caused cancer in test animals
(Casarett and Doull 1986) and has been classified as a probable human carcinogen
based on thess results (U.S. BPA 1990c). However, other authors (Technical

. Resources, Inc. 1989) have concluded that there is inconclusive evidence of
carcinogenicity in animals, There have also been limited reports in the early
1970s of chronic reproductive effects in aquatic organisms oxposed to low
concentrations of bis(2-ethy)hexylphthalate (Casarett and Doull 1986).

Sources and Fate—Bis(2-ethylhexylphthalate is widely distributed in the
environment as a result of its use as a plasticizer. Disposal of plaslic products
in landfills, a3 well a3 incincration, releases bis(2-ethyhhexylphthalate into the
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environment. Other sources are the treated wastewater from coal mining opera-
tions, atuminum forming, foundries, and water-based ink and dye manufacturing
facilities. In 1980, three firms were reporied 1o be producing bis(2-
ethyl)hexylphithalate in the United States (USITC 1981).

Bis(2-ethylyhexylphthalate biodegrades in water and has been shown to
bioconcentrate in aquatic organisms. Bis(2-ethyl)hexyiphthalate strongly sorbs to
sediment due to its low water solubility and is relatively persistent in the
environment. Evaporation and hydrolysis are not important fate processes for
aquatic bis(2-ethy)hexylphthalate. Atmospheric bis(2-¢thyl)hexylphthalaie will
be carried long distances and may be returned to soil by wet deposition. Bis(2-
ethyDhexylphthalate in soil neither evaporates nor leaches into groundwater. It
may biodegrade under aerobic conditions. It is unknown whether photolysis or
photooxidation are important atmospheric processes.

A

Hexachlorobutadiene

Hexachlorobutadiene (HCBD) is used in the chemical industry as a solvent
for naturat and synthetic rubber and other polymers, as well as in heat transfer
liquid, transformer liquid, and hydraulic fluid. HCBD is a by-product of the
manufacture of tetrachloroethene, trichtoroethene, ard tetrachioromethane.

Exposure Routes and Risks—The primary route and highest level of
exposure to HCBD is associated with the inhalation of workplace air, although
the general public can be exposed through the ingestion of contaminated drinking
water. Although swdics exist for freshwater organisms, no data are available
concerning the chronic toxicity of HCBD or any other chlorinated butadienes to
saltwater aquatic life. Acute toxicity may occur as low as 32 ug/L (EPA 1984c).
There are also very few data available reponting the effects of HCBD on humans.

Sources and Fate ~HCBD has been found in drinking water supplies, in-
aquatic organisms, and in aquatic sediments. It has been found in the effluent of
chemical producers and in wastewater discharges, HCBD has been detected at
elevated concentretions in sediments from the Hylehs Waterway in Commence-
ment Bay (Tetra Tech 1985b), and was also founa in elevated concentrations in
some fish tssue samples from the same area. Historical discharges from
chemical manufacturing plants along the waterway are probable sources of this
contaminant,
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HCBD is expected to evaporate rapidly from soils and may biodegrade under
aerobic conditions, No leaching from soil is expected because of strong sorption
tendencies, although leaching is more likely in sandy soils. HCBD will volatilize
rapidly from water and has & half-life from months to years in the atmosphere.
In water, sorption to sediments and suspended sediments is also likely due to the
high log K,,, value of HCBD (3.74 to 4.28) (Callahan et al. 1979; Veith et al
1979).

Dihenzofuran

~ Little information has been published about the sources, effecis and fate of
dibenzofuran. Dibenzofuran has been documented at wood treatment facilities in
Puget Sound (Barrick et al. 1986; CH2M Hill 1989) and has been detected at
elevated concentrations in many contaminated sedimems and fish tissues (Tetra
Tech 1985b; Beller et al. 1988; Pastorok ct al. 1988). It is present in the fly ash
from municipal incinerators and is a component of insecticides. No information
was found regarding the toxic effects of exposure to dibenzofuran on aquatic
oiganisms. The environmental distribution of dibenzofuran in Puget Sound is
correlated with that of LPAH compounds, indicating that dibenzofuran and
aromatic hydrocarbons have similar sources in the sound (Tetra Tech 1985b;
Barrick et al., 1988).

NONIONIC ORGANIC COMPOUNDS — PESTICIDES

In this section, the characteristics of three major groups of chlorinated
pesticides are summarized: aldrin and dieldrin; DDT and its major breakdown
products, DDD and DDE; and hexachlorocyclohexane (HCH), which is also
known as lindane. These and numerous other pesticides of potential concem in
Puget Sound are deseribed in detail in PSEP (1988). Three of these pesticides
of potential concern (diazinon, divron, and endosuifan I) have recently been
recommended for routine monitoring in Puget Sound (PSEP 1991) but wera
identified after tables for this report hed been comploted (sei: additiona) discussion
in the Selection of the Pollutants of Concern section of Chapter 1).

Aldrin and Dieldrin

Aldrin and dieldrin are two closely-related chemicals that are used primarily
a3 insecticides. Because of thelr chemical and toxicological similarities, they are
considered together by regulatory bodles. Aldrin has been used as a soil
insecticide to control root worms, beetles, and termites. Dieldrin has been used
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for the treatment of wood, soil, and seeds; to control mosquitoes and tsetse flies;
as a sheep dip; and for mothproofing. All uses of aldrin and dieldrin on food
crops were banned in 1975.

Exposure Routas and Risks —In the past, the most common exposure route
for humans was ingestion of plants grown in treated soil and animal products
exposed to the chemicals. The risk of exposure from these routes has been
reduced since agricultural uses of aldrin and dieldrin were banned. The most
likely current source of exposure for humans is through inhalation of indoor air

- in wood structures treated with excessive amounts of aldrin or dieldrin. Some
_risk of exposure may remain through new applications of individually owned

stockpiles of (he chemicals or as a result of improper or illegal disposal methods.

Although aldrin and dieldrin are clearly toxic to humans, the severity of
health effects depends on the concentration and length of exposure. PBrief
exposure to high levels of the chemicals may cause headaches, dizziness, nausea,
convulsions, and death (at extremely high doses). Although human studies of the
carcinogenicity of aldrin and dieldrin are largely inconclusive, EPA has classified
these two chemicals as probable human carcinogens based on the results of animal
tests (EPA 1990¢),

Sources and Fate—Although the chemicals were banned in 1975 for
general agricultural use, they were available after 1975 1o control term’ .5 and for
mothproofing. However, even these uses have been prohibited or voluntarily
discontinued. There should be mo new sources of the chemicals, although
emissions may result from treated wood and from new applications of old stocks.
Most of the aldrin and dieldrin levels recorded for Puget Sound air, water, and
soil were reported prior to 1976 and may be overestimated (Tetra Tech 1985b).

Aldrin is readily converted to dieldrin in all media. Dieldrin is fairly
persistent and Is resistant to biodegradation. Dieldrin readily bicaccumulates and
biomagnifies through the food chain. Rapid volatilization is the principal removal
mechanism of aldrin from soil and water. Dieldrin sorbs (ightly to soil and
sediment and volatilizes more stowly., Although surface runoff of dieldrin is a
major pathway of losz feom treated soil, leaching from soil to groundwater
appears minimal.
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DDT, DDE, and DDD

DDT is primarily composed of three compounds that are white, crystalline,
tasteless, and almost odorless solids. DDT does not occur naturatly. It has been
one of the most widely used insecticides. DDE and DDD are breakdown
products of DDT and also ocour as contaminants of technical grade DDT. DDT
was banned from general agricultural use in the United States in 1972, but it is
stitl produced and exported for use in other areas of the world.

Exposure Routes and Risks—DDT, DDE, and DDD enter the body
primarily by ingestion, although exposure is possible through inhalation. Dermal
exposure is not significant because the compounds are absorbed very poorly
through the skin. Under certain conditions, DDT, DDE, and DDD may remain -
in soil for long periods of time and be transferred (o crops growa in the soil;
imported foods are a continuing source of exposure. In 1981, ingestion of DDT
and DDE in food was estimated at 2.24 pg per day (Gartrell et al, 1986). QOther
primary sources of exposyre may be throuph occupational involvement at
hazardous waste sites.

DDT, DDD, and DDE are stored most readily in fat tissues and are
eliminated very slowly. Breast-fed children are a group at special risk because
DDT in maternal milk is found in higher concentrations than in cow's mitk ot
ottier food. DDT has reportedly caused rashes and itritation of the eyes, nose,
and throat. Acute exposure at high deses primarily affects the nervous system.
In addition, synergistic and antagonistic effects of DDT have been shown in
animat lests. DDT administered 10 animals along with known carcinogens
resulted in both greater and lesser tumor production than when the carcinogens
were tested without DDT. Although no studies exist that indicate a definite tink
between DDT and tumors {n animals by the inhalation route, or with temors in
humans by either the inhalation or ingestion route, U.S. EPA (1990c) has
classified the compounds as probable human carcinogens.

Sourcaes and Fate —Although there are significantly fewer sources of DDT,
DDE, and DDD in the environment, the products were used so extensively in the
past that they arc still found in virtvally all air, water, and soil samples. Levels
in most aiv and water samples are low, and exposure by these pathways is not of
great concern, New releasss of the compounds in the United States are expected
to be negligible. In 1985, there were two producers of DDT for export in the
United States (HSDB 1988). These facilities may have released small amounts
of PDT vla fugitive or noncontrolled emissions. Studies of peat tands located in
the middle Iatitudes of the United States indicate that there are continuing sources
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of the compounds; the cause has been auributed to atmospheric transport from
areas where DDT is still in use. Other studics have shown that levels of DDT
and ils metabolites have been decreasing consistently in all media and in food
samples.

Awmospheric DDT is subject to photodegradation and wet and dry deposition.
DDT preferentially binds to soil and sediment, where it may be subject to
photodegradation near the surface and biodegradation with depth. Under certain
conditions, DDT may persist for long periods of time or may be converted to
DDE, which persists even longer, DDT, DDE, and DDD are only slighily
soluble in water; thercfore, loss of these compounds in runoff is primarily due to
transport of the particles to which they are bound. Volatilization of DDT and
DDE accounts for substantial losses from soil and water. I is estimated that
DDT evaporates from water within 50 hours. Laboratory studies of the air/water
partition coefficient of DDE indicate that it volatilizes from marine water 10 to
20 times faster than from fresh water (Atlas et al. [982). DDT, DDE, and DDD
are highly fat-soluble compounds with long half-lives, resulling in bioaccumu-
lation and biomagnification that increase with advances up the food chain,

A survey of nine localities conducted during times of high usage of DDT
showed DDT detected in afl localities at levels ranging from 1 ng/m® of air to
2,520 ng/m® (Stanley et al. 1971). Present levels are expected 1o be significantly
lowsr. DDT and DDE have been reporied in surface waters at levels of 0.00}
pg/L, while DDD generally has not been found.- National soil monitoring
programs conducted in the early 1970s have reported average levels in soil
ranging from 0.18 to 0.37 ppm (Crockent et al. 1974).

y-Hexachlorocyclohexane

HCH isomers ware developed in 1942 as simple and effective pesticides. Of
its isomers, 4-HCH is the most effective and is marketed as lindane. -HCH is
used primarily as a pesticidal treatment for wood, as a seed reaiment, and as a
fumigant, Ithas not been produced commercially in the United Siates since 1983;
however, it is still imported and distributed domestically. In Puget Sound, 4~
HCH is used primarily in urban areas (PSEP 1988). Its use as an insecticide is
declining because of its environmental persistence and tendency to bioaccumulate.

Exposure Rautes and Risks~The primary routes of human exposure are
ingestion, inhalation, and dermal contact. Occupational exposure was a signifi-
cant source prior to 1977, when EPA began regulating y-HCH. The primary risk
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of exposure to the general population is through the consumption of foods
contaminated with pesticide residues,

There is limited evidence of the carcinogenicity of y-HCH in test animals,
although other isomers of HCH have been linked with cancer in test animals.
Evidence regarding carcinogenicity of 4-HCH in humans is inconclusive. Acute
toxicity has been associated with v-HCH concentrations in the range of 5-28 ,.:glL
for marine shrimp and killifish (PSEP 1988).

Sources and Fate—-HCH is present in agriculivral runoff from areas
where pesticides were used that comtained y-HCH. Other sources are the
effluents of industries using y-HCH, such as wood and seed treatment plants,
4-HCH has been found infrequently in surface sediments in Evereut Harbor
(Pastorok et al. 1988). Of the pesticides and herbicides found in Puget Sound,
4-HCH is of secondary concern based on its restricted use and relatively low
mobility (PSEP 1988). The use of y-HCH in the Puget Sound basin has been
estimated to range from 0 to 1,300 pounds/year. Total use in the Puget Sound
basin is estimated to be 2,640 pounds/year,

4-HCH is environmentally persistent. The fate of 4-HCH in aquatic systems
is determined by its bioavailability to transformation processes. Although
sorption to suspended sediment and biota i not extensive, sorption is probably
an important process for transporting y-HCH to anaerobic sediments where
transformations oceur.  Hydrolysis, oxidation, and photolysis are not important
processes jn aquatic environments, However, bioaccumulation occurs in aquatic
organisms,

VOLATILE NONIONIC QRGANIC COMPOUNDS

In this section, the characteristics of the following volatile organic com-
pounds are described: benzene, chloroform, cthylbenzene, toluene, tri- and
tetrachloroethene, and total xylenes,

Benzenae

Benzene is a natural product of volcanoes, forest fires, and crude oil seeps
and is present in many plants and animals. Benzene is also a major industrial
chemical manufactured from coal and tar. Benzene is used to make other
chemicals (primarily ethylbenzene, cumene, and cyclohexans), as well as some
types of plastics, detergents, and pesticides. It is a component of gasoline, glues
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and adhesives, household cleaning products, paint strippers, some art produsis,
and tobacco smoke. As a pure chemical, benzene is a clear and colorless liquid.
Benzene has been found at 337 of the 1,177 NPL hazardous waste sites (ATSDR
1989¢).

Exposure Routes and Risks—Cccupational exposure accounts for the
highest levels of benzene found in humans, particularly in rubber manufacturing
facilities, oil refineries, and chemical plants and at gasoline retail stations.
Benzene evaporates quickly, making inhalation by far the most likely exposure
route for humans, The most widespread exposure to the general public is from
inhalation of tobacco smoke and vehicie exhaust, Small amounts of benzene may
also be found in some foods and in contaminated drinking water. Dermal expo-
sure is possible through contact with benzene-containing products (e.g., gasoline).

Benzene is harmful to human health, although the degree of harm depends
to a great extent on the length and amount of exposure. Short-term exposure of
humans and animals to high levels i benzene generally causes drowsiness,
dizziness, and headaches; death from such exposure has also been reported,
Long-term exposure to various levels of benzene has caused leukemia and
subsequent death.of workers exposed for periods from 5 to 30 years. Long-term
exposure to benzene may affect normal blood production, possibly resulting in
severe anemia and internal bleeding. Overwhelming evidence exists that benzene
is a human carcinogen. Human and animal studies also indicate that benzene is
harmful to the immune system and has been linked with genetic changes.
Reproductive effects have been zeported in animal studies, although human
studies have been too Hmited to form a clear link with benzene. There is general
agreement among investigators that benzene metabolites, rather than benzene
itself, are the primary toxic agents.

Sources and Fate —Environmental scurces of benzene may be both anthro-
pogenic and natural. The most significant source results from the combustion of
gasoline. Other minor sources include septic tank effiuent, structural fires, off-
gassing from particle board, clgarette smoke, and possits natural food sources.
Annuat benzene emissions from anthropogenic sources are approximately 236,000
metric tons (ATSDR 1989¢c). However, environmental levels are low due to
efficlent environmental removal processes.

Chemical degradation reactions, primarily the reaction with the hydroxyl
radical, limit the atmospheric persistence of benzene to only a few days (and
possibly only a few houes if the concentration of hydroxyl radicals is sufficiently
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high). Biodegradation, principally aerobic, is the most important environmental
fate mechanism for benzene associated with water, soil, and sediment.

Chloroform

Chloroform is a colorless, clear, dense, volatile liquid that is produced by
both direct and indirect processes. It is ubiquitous in the envivonment. Chloro-
form is widely used as a process ingredient in the manufacture of fluorocarbon
refrigerants and propellants, fire extinguishers, electronic circuiiry, and plastics,
Chloroform is also used in anesthetics and pharmacenticals, fumigants and
insecticides, solvents, and sweeteners and as a chemical intermediate.

Exposure Routes and Risks —The major rowte for human exposure to
chloroform is from ingestion of contaminated drinking water and inhalation of
conaminated air, especially in indusirial areas, A less important route of
exposure is ingestion of contaminated food. Chloroform is absorbed almost
completely through the gastrointestinal tract and tends to accumulate in fat and
liver lissues. Regardless of the mode of entry into the body, chloroform is
metabolized and excreted unchanged through the lungs.

Neurological, hepatic, renai, and cardiac effects have been assoclated with
exposure 10 chloroform and have been documented in both humans and animals.
Animal studies suggest that chloroform is carcinogenic and may be teratogenic.
Human data regarding the effects of acute and chronic orat exposure to chloro-
form are insufficient, and animat tests did not clearly establish a no-effects level
of exposure for toxicity,

Sources and Fate—Chloroform is likely to enter the environment in
industrial effluents (e.g., pulp mill discharges), as well as from its indirect
produgtion in the chlorination of drinking water, municipal sewage, and cooting
water.

The primary fate of chloroform is volatilization to the atmosphere. Chloro-
form. may be transported long distances in the atmosphere and wilt react in the
gas phass with photochemically produced hydroxyl radicals. Chloroform releases
to land that do not evaporate will leach into groundwater, where they may reside
for long periods of time; near-surface releases are expected to evaporate rapidly.
Sorption to soil or sediment is not considered a significant fate process.
Chloroform may be subject to significant biodegradation based on laboratory
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tests, although the data are conflicting. Chloroform shows litte or no tendency
to bioconcentrate in tests of freshwater fish,

Ethylbenzane

Ethylbenzene is a colorless lquid that smells like gasoline, evaporales at
room temperature, and bums easily, Ethylbenzene oceurs naturally in coal tar
and petroleum and is also found in many manufactured products including paints,
inks, and insseticides.

Exposure Routes and Risks—Ethylbenzene enters the body rapidly
through the lungs and digestive tyact. Entry throngh the skin after contact with
liquids containing ethylbenzene is also an exposure route. Because of its volatile
nature, ethylbenzene is most likely to be inhaled. Ethylbenzene is broken down
into other chemicals once it enters the body. Levels of ethylbenzene are likely
to be higher in all media (especiaily groundwater) near hazardous waste sites and
petroleum refineries. Consumers may be exposed to echytbenzene through a wide
range of products including pesticides, solvents, carpet glues, varnishes, paints,
and tobacco products, ‘The highest source of exposure to consumers is probably
self-service gasoline stations. Indoor air has a higher average concentration of
ethylbenzene (approximately 1 ppb) than outdoor air because of the use of
household cleaners and paints (Howard 1939; ATSDR 1950b). Occupational
exposute occurs in the petroleum industry ‘and in chemical manufacturing, and
workers using vamish, spray paints, and adhesives also may be subject to greater
exposure.

Exposure to low levels of atmaspheric ethylbenzeie has caused eye and
throat irritaion in humans. Exposure to higher levels has caused decreased
mobility and dizziness. No studies have reported death in humans, although
animal studies suggest that ethylbenzene may be fatal,  Shori-term exposure to
high concentrations of ethylbenzene may cause liver and kidney damage, nervous
system changes, and blood changes in animals, although there are conflicting
laboratory results. Long-term exposure data are not available, No conclusions -
have been established regarding carcinogenic properties of ethylbenzene.

Sourcas and Fate—Ethylbenzene is most commonly found as a vapor in
the air because it volatilizes easily from water and soil. Atmospheric ethyl-
benzene can be removed by wet deposition or through photooxidation within
approximately 2.5 days (Howard 1989). Photolytic transformations and biodegra-
dation may also remove ethylbenzene from surface water. In soil, ethylbenzene
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is degraded most easily by microorganisms. Mt does not readily sorb to soils or
sediments and can move rapidly into groundwater. Ethylbenzene does not appear
to bioagcumulate significantly in the food chain,

Toluane

Toluene is produced both nsturally and anthropogenically. It is found
primarily in petroleum products and in solvents and thinners for paims and
lacquers. Toluene Is a by-product of the production of styrene.

Expostre Routaes and Risks —The primary route of exposure to tofuene for
humans is from inhalation of contaminated air. Exposure levels are increased
with proximity to pasoline stations and vehicle exhaust, or in occupational
atmospheres where toluene-based solvents are used. Exposure to toluene also
occurs as the result of intentional substance abuse. Workers in the chemical,
petroleum, and paint and dys industries are at greatest #isk of exposure.
MNeurological damage is the primary adverse effect of toluene on both humans and
animals, The cancer-causing potential of toluene in rats and mice is still being
studied.

Sources and Fate—Toluene is released into the atmosphere principally
from the volatilization of petroleum fuels and toluene-based solvents and thinners
and from motor vehicle exhaust. Large amounts of toluene are discharged into
waterways or spilled onto land during the storage, transport, and disposal of fuels
a:li‘d oils. Nawmral sources of toluene include volcanoes, forest fives, and crude
oils,

If tolueno Is released to soil, it volatilizes to the air from near-surface s0il
and leaches to groundwater. Biodegradation occurs both in soil and groundwater,
but is likely to be slow (especially at high concentrations that may be toxic to
microorganisms). The presence of acclimated microbial populations may speed
biodegradation. Toluene does not sigaificantly hydrolyze in soil or water. In
water, toluene concentrations will decrease due to evaporation and biodegrada-
tlon. Aquatic romoval can bo rapid or may lake several weeks depending on
temperature, mixing conditions, and presence of acclimated microorganisms,
Tolvuene does not significantly adsorb 10 sediments or bioconcentrate in aquatic
organisms, ) :
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Total Xylonas

‘Total xylenes refers to the three isomers of xylene {meta-, ortho-, and para-
xylene). This term is also sometimes applied to a mixture of xylenes and smailer
amount$ of other chemicals {(primarily ethylbenzene). Xylenes occur in petroleum
and coal and are formed during forest fires. Xylenes are colorless liquids with
a sweet odor that leach into soil, surface waler, and groundwater, generally as a
result of petroleum use, iransport, and storage. Xylenes are often a component
of solvents and paint thinners and are used as a cleaning agent. Xylenes are also
used in the manufacture of certain polymers and are ingredients in jet fusl,
gasoline, and fabric- and paper-coating materials.

Exposure Routes and Risks —Occupational inhalation of xylenes is the
most common exposure route for humans, although ingestion of contaminated
food and water and dermal contact may be additional exposure routes.

Short-term exposure by humans to xylenes may cause skin, eye, nose, and
throat irritation; impaired memory and reaction time; and stomach, liver, and
kidney damage. Exposure to high doses of xylenes within short periods of lime
may cause nervous system damage and death. Data are insufficient to prove
heman carcinogenicity.

Sources and Fate—Primary sources of xylenes are fugitive industrial
emissions and automobile exhaust, Additional sources of exposure are inhalation
of tobacco smoke, gasoline, paint, varnish, shellac, and rust preventives. Other
potential sources include hazardous waste sites and accidental releases of materials
containing xylene (e.g., solvents),

Xylenes may persist in groundwater for several years. Sorption to soils and
sediments occurs, although there is considerable variation and uncertainty in
estimates of persistence in these media. Xylenes may persist in other aquatic
systems for greater than 6 months before degrading. Limited biodegradation is
the only significant sovrce of xylens degradation in subsurface soils and most
aquatic systems. Because xylenes evaporate easily, the highest levols are found
in the atmosphere. After several days, xylenes in the atmosphere are degraded
by photooxidation. Modest bloaccumulation fevels have been shown in fish (e.g.,
bioconcentration fivctors less than 2.2), but food chain biomagnification has not
been observed (Howard 1989).
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IONIZABLE ORGANIC COMPOUNDS

In the following sections, characteristics are summarized for organic
compounds that can dissociate in water, These compounds include various
phenols, resin acids, and guaiacols.

Phenol

Pure phenol is a colorless or white solid. The commercial product is a
liquid. Phenol has a distinct odor that is sweet and acrid. It evaporates more
slowly than water, is moderately soluble, and is flammable. Phenol is primarily
a manufactured chemical, though it also occurs naturally from decomposition of

- organic matter. Pheno! has been obtained by distillation from petroleum, through
synthesis by oxidation of cumene or toluene, and by vapor-phase hydrolysis of
chlorobenzene. The largest single use of phenol is as an intermediate in the
production of resins, and it is also used as an intermediate in the production of
certain synthetic fibers, as an algicide, as a disinfectant, and in medicinal
preparations.

Exposura Routes and Risks —Exposure to phenol for humans is possible
through inhalation, ingestion, and dermat contact. Because phenol is wsed in
many manufacturing processes and in consumer products, exposure can occur
both at work and in the home. Phenol is present in many medicinal products
(e.g., ointments, ear and nose dreps, cold sore medication, mouthwashes,
gargles, analgesic rubs, and throat lozenges) and is also found in drinking water,
air, certain foods, and in wood and tobacco smoke.

| The magnitude, frequency, likelihood, or relative contribution of each
f exposure route and source {0 total phenol exposure cannot be estimated using
current data. In general, more phenol will enter the body if large areas of skin
come in contact with dilute solutions of phenol than if small areas of the skin
come in contact with concentrated solutions, After exposure to airhorne phenol,
as much as 50 percent of the phenol that enters the body will enter through the
skin, Most of the phenol entering the body is excreted within 24 hours.

The severity of effects from exposure to phenol increases as both the level
and duration of exposure increases, Ingestion of very high concentrations of
phenol has resulted in death. The effects on hurians of inhalation of phenol are
unknown. Tests on animals of inhalation of pher.ol show lung irritation, muscle
tremors, and loss of coordination. Exposure to higher concentrations of phenol
for a period of weeks has caused severe damage o the heart, kidnoys, liver, and
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lungs, followed by death in some cases. Reproductive effects of phenol are
unknown in humans, although effects have been shown in animal tests. Alihough
phenol applied to the skin of mice has caused cancer, it is not known whether
phenol is a human carcinogen. Phenol acted synergistically in tests with known
carcinogens, causing more cancer than when the carcinogens were applied without
i phenot. Phenol also has beneficial effects; it is an antiseptic and an anesthetic
: and is used to remove skin blemishes. Studies of effects of phenol exposure on
i algae and fathead minnows reported reduced reproduction and growth, while
. effects on other aquatic organisms included increased enzyme activily in liver and
i muscle and decreased activity in the brain, :

Sources and Fata —Phenol is released primarily to air and water during its
manufacture and use. Phenol-formaldehyde resins have major uses in the
construction, automotive, and appliance indusiries and can be found in associated
effluents. Phenol is found in coal tar and is released in wastewater from the
manufaciure of plastics, adhesives, iron and steel, aluminuta, leather, and rubber,
and in wood treatment plants and paper pulp mills. Phenol is released during the
burning of wood and in vehicle exhaust. Natural sources of phenol in water are
animal wastes and decomposition of organic wastes,

Single, small releases of phenol o not remain in the air; the half-life is

generally less than 1 day. Removal from soil by biodegradation is accomplished

within 2-5 days (Howard 1989). Phenol can remain in water for more than 9

days. However, single large discharges or continuous small discharges of phenol

may remain in each of these media for much longer periods of time. Phenol has

not been found in soil except at hazardous waste sites, prabably because it is

efficiently removed from soil at low concentrations. Phenol in soili biodegrades

B : and leaches to groundwater. Volatilization from soil and water is a slow process

; and 1s not expected to be a source of atmospheric phenol, Sorption to sediments

G ‘ is not an important transport mechanism of phenol in water, However, phenol

' » has been detected occasionally in sediments from Puget Sound, including near

pulp mills and in some sediments collected in nonurban areas (Tetra Tech 1985b),
possibly as the result of aquaculture applications,

4-Methyiphenol {4-Crasol)

4-Methylphenol is a constituent of pulp mill waste, is found at wood
treatment facilities, and is used in ke manufacture of organic chemicals.

|
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Exposure Routes and Risks—Human exposure is primarily through
jnhatation and dermal contact in occupational enviromments and scurce areas.
4-Methylphenol is moderately toxic to benthic organisms.

Sourcas and Fate —d4-Methylphenol is released to the atmosphere in vehicle
exhaust, during coal tar and petroleum refining and wood pulping, and during its
use in manufacturing and metal refining. 4-Methylphenol is contained in effluents
from industries engaged in wood products manufacluring, leather tanning, iron
and steel manufacturing, plastics production, textile production, rubber process-
ing, and =lectronics manufacturing, and in effluents from municipal wastewater
treatment facilities. Elevated concentrations of 4-methylphenol have been
documented in surface sediments near pulp mills in Puget Sound (Tetra  Tech
1985b, Norton et al. 1987; Pastorok et al. 1988).

In the air, 4-methylphenol reacts with photochemically produced hydroxyl
radicals during the day and with nitrate radicals at night. It can return to soil
through wet deposition, and it can be oxidized by metal cations in rainwater,
Biodegradation is expected to be the dominant fate process, Complete removal
from soils is possible within 6 days, although the process is slower wnder
anaerobic conditions (Howard 1989). Dispraportionate losses of 4-methylphencl
(and phenol) relative to dimethylphenols have been observed in groundwater at
a wood (reating facility, presumably from biodegradation (Goerlitz et al. 1985).

Volatilization, bioconcentration in fish, and adsorption to sediment ave not
important fate processes for 4-methylphenol. Photolysis is expected to be signifi-
cant only in surface waters of oligotrophic lakes. 4-Methylphenol is not expected
to pessist in sediments (Howard 1989), However, persistent high concentrations
of 4-methyiphenol have been observed in some Puget Sound sediments near
industrial sources. These results can be explained either by large mass loadings
of 4-methylphenot from the source or in situ production of 4-methylphenol in the
sediments. One untested possibifity is that 4-methylphenol could be produced by
bacterial conversion of proteing (via p-hydroxyphenylacetate) accumulating in the
sediments (Balba and Evans 1980).

- Pentachtorophenol

Pentachlorophenot (PCP) is one of the most heavily used pesticides in the

- United States. It is used as an industrial wood preservative, as well as in
consumer wood preserving formulations and i herbicides and pesticides. PCP
does not occur naturally and cxists in two forms of differing water solubilitics.
In its pure form, PCP exists as colorless crystals. The impure form of PCP,
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which exists as & dark grey to brown dust in beads or flakes, is the type found at
hazardous wasie sites.

Exposure Routes and Rigks—~Humans can be exposed to low levels of
PCP through inhalation of indoor and outdoor air and through ingestion of
contaminated food and Jrinking water. Dermal contact with treated wood can
also result in exposure to PCP. Occupation and proximity to hazardous waste
sites present the greatest risk of exposure to PCP.  Occupational levels of PCP
inhalation in indoor air at wood treatment plants and lumber mills are much
higher than for the general public; exposure levels are estimated at 0.9-14 mg per
day compared with approximately 0.006 mg per day for the general public. An
additional estimated 0.5 mg per day of PCP may be absorbed through the skin of
workers who handle treated wood (ATSDR 1989¢).

Exposure to high levels of PCP can causc adverse effects on the liver,
kidneys, skin, blood, lungs, nervous system, and gastrointestinal tract. High
levels of exposure can aiso be fatal. Longer-term cxposure to lower levels of
PCP can cause damage 1o the liver, blood, and nervous system. Animal studies
indicate that shon-tcrm, high-level exposute to PCP can cause similar damage,
with the severity of cffects increasing as the duration of exposure increases.
Acute toxicity and increased risk of reproductive failuse have been shown in
animals exposed to PCP, but there is insufficient evidence of human carcinoge-
nicity. Studies of aquatic organisms indicale more severe effects on fish than on
other aquatic biota; acute and chironic toxicily to saliwater organisms occur at
concentrations as low as 53 and 34 ug/L, respectively (U.S. EPA 1986a). In
addition, pentachloroLaisole, a degradation product of PCP, has an even greater
potential to bioaccumulate than PCP itself (Callahan ct al, 1979),

Sources and Fate —PCP is released directly to air via volatilization from
treated wood and evaporation of PCP-treated industrial process waters from
cooling towers. Eighty percent of domestic consumption of PCP is atiributed to
the treatment of utility poles (ATSDR 1989d). Although generally insignificant,
past emissions from production facitities may be more important in Puget Sound
because one of the two major historical producers of PCP in (he United States
was located in the Commencement Bay area. In addition, a number of other
chemicals {(e.g., HCB, pentachlorobenzeae, pentachloronitrobenzene, and
benzenchexachloride isomers} are known to metabolize 10 PCP,

PCP releases (0 water ocour by direct discharge from sourge and nonpoint
sources, by wet deposition from the atmosphere, and by runofT and leaching from
soil.  Approximately 90 percent of wood (reatment planis evaporate their
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wastewaters and consequently they have no direct discharges to water, The
remaining 10 percent of these plants discharge lo municipal wastewater treatotent -
facilitics. PCP has been detected in at 10.4 percent of 2,738 hazardous wastes
sites sampled for the substance (ATSDR 1989d).

PCP is also registered for use as an insecticide, a fungicide, an herbicide, a
molluscicide, an algicide, a disinfectant, and as an ingredicent in antifouling paint.
However, nonweod uses account for no more than 2 percent of current PCP use
(ATSDR 1989d).

PCP is not affected by hydrolysis and oxidation, but is rapidly photolyzed
and can be biotransformed by microorganisms and metabolized by animals and
plants. Sorption to soils and sediments occurs and is more important under acidic
<onditions than under aeutral or dasic conditions. The compound bicaccumutates
10 modest levels in algae, aquatic invertebrates and fish (ATSDR 1989d), but food
chain biomagnification has not been observed,

Mono- and Dichlorodehydroabletic Acids

Chlorine bleaching processes used in both the sulfite and kraft pulp industrics
have been demonstrated o resuft in the formation of chlorinated resin acids such
as chlorinated dehydroabietic acids, Chlorinated derivatives of dehydroabietic
acid are by far the predominant chlorinated resin acids reported in bleached pulp
effluents, presumably because its stability relative to other resin acids enables it
to survive the strong oxidizing conditions of chlorine bleaching. Dehydroabietic
acid, typically the predominant resin acid found in the environment, is derived
from abietic acld and is rclatively stable as a result of its aromatic ring structure,
Chlorinated resin acids, because of their unique origin, are powerful geochemical
tracers of pulp mills that use chlorine bleaching processes. Chlorinated resin
acids have been reported in clevated concentrations in sediments near pulp mill
discharges in Puget Sound as well as in other parts of the United States and
Europe (Pastorok ot al. 1988). Dehydroabistic acids are persistent in the
environment and toxic to marine organisms. The toxicity of dehydroabietic acid
decreases markedly at pH greater than 7 because of formation of the sodium salt.

Exposure Routes and Rigks~There are insufficient data available 1o
describe routes of oxposure and associated risks of individual resin acids to biota.
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Sources and Environmental Fate —Dehydroabiclic acid is persistent in
sediments, with 2 half-life of greater than 20 years estimated in sediments of Lake
Superior (PSEP 1988).

2-Msathoxyphano!

2-Methoxyphenol {guaiacol) is a by-product of wood and coal tar decomposi-
tion and is a major constituent of creosote. Guaiacol is released as a poltutant
primarily in pulp mill wastes; it is one of the major breakdown products of lignin,
which is the primary component of wood. Guaiacol has been detected infrequent-
ly in contaminated sedimems in Everctt Harbor, but has been found in high
concentrations in sediments in other arcas of Puget Sound, the United States, and
Europe (Pastorok et al. 1988; Tetra Tech 1985b).

Chlgrinated Guaiacols

Chlorinated guaiacols are well-documented by-products of pulp bleaching
processes. The compounds are formed when lignin is treated with the chlorine
bleaching process. Chlorinated guaiacols are excellent geochemical tracers of
pulp mills because of their unique origin. Based on studies showmg that

unchiorinated guaiacols dehydmableuc acid, a related compound, is toxic and

environmentally persistent, it is expected that chlorinated guaiacols will behave
simitarly,

Chlorinated guaiacols are moderately toxic to benthic organisms and fish.
The most toxic isomer is 3,4,5,6-tetrachloroguaiacol, followed by 3,4,5-trichloro-
guaiscol and 4,3,6-trichloroguaiacol. Tri- and tetrachloroguaiacol exhibited
considerable toxicity in (ish taken from a river near a pulp mill in Switzerland
(L.Cso values were 0.75 and 0.32 mg/L for tri- and tetrachloroguaiacol, respec-
tively (Leuenberger et al. 1983).

Trichloroothena

Trichlorosthene (TCE) is used widely as a dogroasor for motals in the metals
and clectronica industries, TCE is an intermediate in the manufacture of
polyvinylchtoride and is also found in the effluent of pulp mills, chlomalkeli
plants, and dry cleaners.
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Exposure Routes and Risks—The primary exposure route for humans is
inhalation of contaminated air, followed by ingestion of contaminated drinking
water. Alhough possibly carcinogenic, TCE is not considered highly toxic to
humans or animats,

Sources and Fate —Although it has been detected in both marine and fresh
waters, 80 to 95 percent of TCE evaporatss to the atmosphere. TCE is most
likely to enter the atmosphere from its widespread use as a metal degreaser.
There are no known naztural sources of TCE. It has been found in very high

concentrations in 2 few nearshore sediment samples from Hylebos Waterway in -

Puget Sound (Tetra Tech 1985b). TCE is a volatile compound that moves
quickly through groundwater, and it is 2 common contaminant of grourdwater in
industrial areas. It does not appear to bioconcentrate in fish tissue. [n anaerobic
environments, TCE degrades to dichlorosthene and vinyl chioride. These

. breakdown products can be useful in determining the sources, fate, and transport
of TCE 10 the environment.

Tetrachloroethene

Tetrachtorcethene is a volatile compound used as a metsl degreaser in the
metals and electronics industries, in dry cleaning and textile processing, and in
the production of fluorocarbons, pesticides, adhesives, paints, and coatings.
There are no known natural sources of tetrachlorogthene.

Exposure Routes and Risks —The primary source of human exposure is

inhalation of occupational air contaminated by tetrachlorogthene. Consumption
of drinking water contaminated by rain or by pipes lined with vinyl is another
source of tetrachloroathene. Tetrachlosoethene is a carcinogenic compound that
otherwise is not highly toxic to humans or aquatic organisms, It is moderately
toxic to benthic organisms.

Sources and Fate —Tetrachloroathene is likely to enter the environment by
fugitive air emissions from dry cleaning and metal degreasing industries and by
accidental releases of products contaminated with tetrachlorootheno. Wastewater
cfftuents from motal finishing, laundering, aluminum forming, organic chemical
and plastics manufacturing, and municipal treatment plants also contribute to
cnvironmental tetrachlorocthene. Tetrachlorocthene can also he found in the
effluem of pulp mills and chtoralkali plants and in the groundwater near many
industrial areas. Tetrachlorocthene has been found in highly elevated concentra-
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tions in Puget Sound sediments near a chemical manufacturing facility and in
somewhat elevated concentrations in fish tissue from the same vicinity (Tetra
Tech 1985b). Tetrachloroethene breaks down in anacrobic environmenis to
trichloroethene, dichloroethene, and vinyl chloride, and the presence of these
breakdown products can be useful in determining the sources, fate, and transport
of this chemical.
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TABLE A-l. SUMMARY OF BASIC ANALYTICAL
TECHNIQUES FOR ORGANIC COMPOUND ANALYSES

Analytical Step Analytical Procedure®

Sampte drying Centrifugation or sodium sulfate

Extraction Shakerfroller; Soxhlet®; sonication

Extract drying Separatory funnel partitivning as needed to remove waler (pH

must be controlled); sodium sulfate for all other extract drying.
Kuderna-Danish apparatus (to ca. 1 mL), rotary evaporation {to
2 mL) or comparable technique; purified nitrogen gas for
concentration 10 smaller volumes

Extract cleanup Romaval of elemental sulfur {sediments only;} with mercury or
activated copper

Removat of organlc interferents with GPC, size exclusion
chromatography (c.g., phenogel, Sephadex®), bonded octadecyl
columns, HPLC, sitica gel, or alumina -

Bxtract analysis ‘ GC/MS for velatiles and semivolatiles: GC/ECD for pesticidos
: and PCB mixtures

* QGPC - gel permeation chromatography, HPLC - high pecformance liquid
chromatography, GC/MS - gas chromatography/mass spectcomeiry, GC/ECD - gas
chromatogeaphy/clectron capture detection, PCB - polychiorinated biphenyls.

b The steps described genorally apply (o low pans per blion, broad scan analyses. Some
of the options for extract cleanup and analysis are best suited for certain compound
groups rathor than for broad scan analyses.
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TABLE A~2. REFERENCE DOSE (RID) VALUES FOR PRIORITY POLLUTANTS

PPY  Pollutant CAS# RID (mo/kaiday)
114 antimony 7440-36-0 (a) 0.00004
85  alpha-ondosufan 115-20-7 0.00008
96  bela~endosulfan 115-29-7 0.00005
127 thalilum {in soluble salis) 593-088-8 (a) 0.00007
123 mercury 7439-97-6 (q) 0.0003
33  1.3-dichloropropene 10081-02-6 0.0003
88  endrin 72.20-8 0.0003
66  nitrobenzong 98-85-3 0.0005
53  haxachiorocyclopentadiene 77-47-4 0.0007
46  bromomolhane 74-83~8 0.0014
89  2,4~dinitrophanot 51-28-5 0.002
126  silver 7410-22-4 (a) 0.003
N 2,4-dichiorophenol 120-83-2 0.003
119 chromium (Vi) 7440-47-3 () 0.005
86  bis(2-ethyihexyliphthalate 117-81-7 0.02
7 chiorebenzene 106-80-7 0.02
121 cyanide §7-12-5(a) 0.02
124  nickel 7440-02-0 (a) 0.02
84  pentachlorophenol 87-88-5 0.03
39 {luoranthene 200~44-0 0.04
42  bis{2~chioroisopropyl)ether 30638-32-¢ 0.04
44 dichigromothane (methylone chloride)  75-08-02 0.06
25  1,2-dichlorobanzena 95-50=1 0.09
13 1.1,1 ~lricoroethang 71=565-6 0.09
38  athyibanzeno 100-41-4 0.1
84  isophorone 78-89-1 0.1
86  loluane 108-88-3 0.2
86  phenot 108-95-2 0.6
70  diethyl githalate 84-00--2 0.8
71 dimethyl phthaiate 131-11-3 1
119  chromium (11} 7440-47-3 () 1
83  di-n=bulyl phhalate 87-74-2 10
45  chioromethane {(mathyl chloride) 74-87-3 {b)

80  4,8-dinllro~0-crosol 534-82-1 )

26 1,3-dichtorobenzene 641731 (1]

97  endosulfan gullate 1031-07-8 (¢}

27  1.4~dichiorobenzens 100~48-7 (c}

2 acrotain 107-92-8 (c)

128 aotanlum 7732—49-12’ {c}

{a) CAS numbers for these substances vary depending on thelr spacilic form
(o.9.. Inorganic salts or organlc comptexes).
{b) Daia inadaquate for quantitative riek assessment.
{¢) Nol determined.

Referance: U.8, EPA (1990¢), Table A.
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TABLE A-3. CARCINOGENIC PRIORITY POLLUTANTS RANKED 8Y POTENCY FACTORS

Lavel of Evidence (b) “

PP#  Poliutant CASNumber  Polency (a)
120 - 2,3,7,8-TCDD (dioxin) 1746-01-6 150000 82 ]
[ banzidena §2-87=5 230 (O} A 3
a1 N-nitrosodimeothylamine §2~57-1 61 (W) B2 -
89 aldrin 309-00-2 17 82
a0 diotdrin 80~67-1 16 B2
(c) polychlorinated biphonyls (c) ‘ 8.8 az -
102 alpha~-HCH 319-84-0 6.3 B2 ’
100 heplachlor 76-44-8 - 4.5 _ B2
17 beryflium 7440-41-7 (d) 4.3 (W) B2
a8 vinyl chioride 75-01-4 1.9 A
103 beta-HCH 319-05-7 1.8 [+
115 arsenic 7440-38-2 (d) 1.8 (W) A
2 hexachlorobenzene 118-74-1 1.8 a2
106 gamma-HCH §8-89-9 1.3 B2-C
g1 chiordane 57-74-9 1.3 B2 .
18 big({2-chloroethyl)ethear M1~44-4 1.1 a2
113 toxaphong 8001-38-2 1.1 B2
ar 1. 2-diphanylhydrazine 122-66-7 0.80 B2
35 24~dinitcotoluene 121-14-2 0.68 82 -
3 acrylonitrite 107-13~1 0.54 (W) B1 <
28 3,3'-dichiorobenzidine 91-94-1 0.448 B2 :
92 44'-DOT §0-20-3 0.34 82
03 44'-DDE 72-65-9 0.34 82
p4 4,4'-DDD 72-84-8 0.24 B2
18 1,1,2,2-tetrachloroathane 79-34-5 0.20 c
] carbon tetraghioride §8-23-6 0.13 g2
10 1,2-dichloroathane 107-08-2 0.091 a2
52 hoxachlorobutadlens 87-08-3 0.078 c -
14 1,1,.2-trichtoroathane 79-00-8 0.087 ¢
86 tetrachtoroethane 127-18-4 0.081 B2 )
4 banzone 71-43-2 0.029 () A 1
12 tiexachloroathane §7-72=1 0.014 c ’
21 2,4,8=trichiorophanol 868-08-2 0.011 B2
44 dichloromethane 76-08-02 0.0078 (1+W} B2
(mothylene chloride)
23 chloroform 67-66-3 0.0061 (W) 82
62 N-nitrosodiphenylamine 86-30-8 0.0049 B2 :
118 oadmium {e} 7440439 (d) {(a) {c) :
73 henzolalpyrene §0.32-8 (@) B2 H
119 rhromium (Vi) (e} 7440=47-3 (d) {e) {9} ¢
29 1,1~dIchlososthans 78=38-4 {0) c :
124 nloke! (subsulfide, rafinery dusiy (o)  7440-02-0 (d) (©) - (6) ;
3
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TABLE A-3 (Continued).

At Al b

{8) From U.S. Environmental Protaclion Agency (1890c), Table B. Al potency values represent dietary
glapo factors except: (0) = slopo calculated from occupalional oxposure, W = slopo calculated
(rom human drinking water exposwsd, and (i) = slope catculated from animal (nhalalion studies.
{b) A = Human carcinogen (sulficient evidonce of carcinogenicity in humans); B = Probable human
cascinogen {81 ~ limited evidonce of carcinogenicity in humans; B2 - sulficient evidence of
carcinogeniclty In animals with inadequate or lack of evidence in humans): C = Posslble human
carcinogen (limited evidence of carcinagenicity in animals or fack of human dala). :
(¢) Spacific Arocior mixtures of golyclorinated biphayls are listed as indlvidual priority pollutants with .
-individual CAS aumbers. ’
{d) CAS numbers for these substancos vary depending on thelr spaciftc form (9.9., organic saits or

or organic comploexes).
(9) Chromium {V1), cadmium, and nickel aro not considerad to be carcinoganic via dietary exposure
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Figure A-1. Graphical risk characterization for arsenic in seafood (PSEP
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Figure A-3. Graphical risk characterization for carcinogenic PAH in seafood
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