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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 It Regulatory Status and Analytical Considerations for
Pollutants of Concern '
Table II: - Criteria, Guidelines, and Regulatory Action Levels
for Pollutants of Concern
_Table TI: Sources of Pollutants
Table IV; "~ Concentrations of Pollutants in Puget Sound.

In addition, characteristics of these pollutants are summarized in the text of the
report. A general description of the pollutants is provided as well as a brief
comment on exposure routes and risks and sources and fate in the environment
(including soil, submerged sediment, air, and water).
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INTRODUCTION

1. INTRODUCTION

Background information on the development of this report and criteria used
to select pollutants of concern are described in the following sections. Explana-
tions of column headings for each of four tables of information on these polluiants
of concern and examples of how to interpret the data for one chemical [i.e.,

benzo(a)pyrene] are provided in Chapter 2 (Polluraris of Concern Tables). More

detailed (ext descriptions of each pollutant of concern are provided in Chapter 3
(Description of Pollutanss of Concem 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, Eiliott Bay, Eagle Harbor,
Sinclair Inlet, 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

-Administration (NOAA), U.S. Army Corps of Engineers (Corps) Seattle District,

and Municipality of Metropolitan Seattle (Metro). A limited number of pollutants
of concern were listed as part of an EPA Region 10 pro;ect to quantify chemical
loadings into Puget Sound (Jones & Stokes 1983). This list was circulated for
revicw to the Technical Advisory Committee and the Management Committee of
the Puget Sound Esmary Program (PSEP). Review comments from Ecology
suggested developmem of a broader list of pollutants. This broader list was
developed into the Users Manual for the Pollurant of Concern Marrix (PSEP
1986). The objective of this report is to update, expand, and reorganize the 1986
manual based on the results of & survey of users conducted in January 1990,
Instructions on the use of electronic spreadsheet tables and diskettes containing
these tables were provided with the 1986 manual but have been deleted for this
report because most users preferred using written copxes of the tables (see
Chapter 2, Pollutants of Com:em Tables).

The information summarized in the pollutant tables and the subsequent
descriptive text in Chaptor 3 can be used as a reference for permit writers,
roviewers, and irispectors when evaluating discharges from new or existing
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 conditions and potential impacts of pollutants on Puget
Sound. Examples of recent Puget Sound studies that have been used to update
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this report include urban bay investigations completed by EPA in 1988 for Elliout
Bay and Everett Harbor, sediment data from the 1989 and 1990 Puget Sound
Ambient Monitoring Program, and class Il inspection surveys of industrial and
municipal efflucnts conducted by Ecology between 1987-1990.

SELECTION OF THE POLLUTANTS OF CONCERN

"In 1986, an initial list of over 100 inorganic and organic contaminants of
potential concemn in Puget Sound (Tables | and 2) was compiled for possible
inclusion in the pollutants of concem list. These contaminants were chosen from
1) EPA's list of priority pollutants, 2) lists compiled specifically for Puget Sound
(e.g., Konasewich et al. 1982; Quinlan et al. 1985: Jones & Stokes 1983),
3) PSEP and Puget Sound Dredged Disposal Analysis (PSDDA) workshops held
to establish procedurcs for environmental analysis of inorganic and organic
contaminants (PSEP 1989a,b), and 4) from field investigations in Puget Sound
(c.g., Gahler et al. 1982; Malins ct al. 1980; Romberg et al. 1984; Tetra Tech
1985a). Expents 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 woight polycyctic aromatic
hydrocarbons (HPAH), low molecufar weight polycyclic aromatic hydrocarbons
(LPAH), and total polychlorinated biphenyls (PCBs) (rather than individual
Aroclors or PCB congeners), The 1986 pollutants of concern list included 52
contaminants or groups of contaminants selected from this initial list of 100
chemicals.

Twelve additional contaminants or groups of contaminants have been added

to the text and tables to accommodate responses from the recent survey of the.

1986 manual users. These 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, toluene, and total xylencs. In addition, the following
eight groups of pollutants that are not EPA priority pollutants were added:

®  Mono- and di- chlorodehydroabictic acids (icsln acids found in pulp
mill discharges) : '




TABLE 1. lNORGANlC CONTAMINANTS OF POTENTIAL CONCERN , i

‘ IN PUGET SOUND : i

Antimony o Copper Silver

Arsenic : Load Zing - ;

Cadmium Mercury . Cyanidoe

Chromium. Nickel : : Organoting E

.; .
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TABLE 2. ORGANIC CONTAMINANTS OF POTENTIAL CONCERN
‘ IN PUGET S80UND

Phenols
65" Phanal HSL 4-Mathylpheno!
HSL® 2-Methylphenol 34 2,4-Dimethyphenol

Substituted Phenols

24 2.-Chiorophenol 21 " 2,4,8-Trichlorophenot 67 2-Nitrophsnol
31 2.4-Dichiorophonol HSL 2,4,6-Trichlorophenol §9 2,4-Dinitrophanol
22 4-Chioro-3-methyipheno! 84 Pentachlorophanol 60 4,8-Dinitro-o-crasol

Miscellansous quanl'c Aclds tgualacols/resin aclds)
2-Meathoxyphenol (guaiacol) 4,5,8-Trichtoroguaiacof | Monochiorodehydroabictic acids
3.4,5-Trichloroguaiacol Teatrachloroguaiacol Dichlorodohydroabistic acids

LPAH Compounds
65 Naphthatono 1 Acenaphthone 81 Phananthrone

77 Acenaphthyleno 80 Fluoreno 78 Anthracens

‘Alkylated LPAH Compounds

2-Mothyinaphthalone 1-Mothyinaphthaleno 1 ,2.’3-Mothvlphonamhrenos

HPAH Compounds :
39 Fluoranthone 74 Bonzoib)fluoranthene 83 Indenol1,2,3-cd)pyroene
84 Pyreno 78 Bonzotkifluoranthono 82 Olbenzota,hlenthracene
72 Benzolalanthraceno: 73 Benzolalpyrono 78 Benzotg,h.liporylons
78 Chryseno ' .

~ Chiorinated Aromatic Hydrooarbons )
28 1,3-Dichlorobanzono 8 1,2,4:Trichlorobanzeno

27 1.4-Dichlorobenzano . ' 20 2-Chioronaphthateno
28 1,2-Dichtorobanzons : 9 Hoxachlorobenzene (HCB)

" PN

P N W I N

P P SPPr Iy




T

Sk S s e WY

© Tabte 2. (Conunued)

n
70

54

Haxachloroathana

Dimathyiphthaiate .
Diathylphthalate

isophorone

HSL Benzy! alcohot
HSL Benzoic acid

62

93
94
92
89

N-Nitrosediphenylamino.

p.o'-DDE
p.p'-000D
p.p’-0DT
Aldrin

Total PCBs*

Chloromethane

Chiorinatad Aliphatic Hydrocarbons |

52 Haxachtorobutadiene

v Phthalates .
68 Di-n-butylphthalate 89 Di-n-octytphthlate
67 Butyibenzylphthalate

Miscellaneous Oxygenstad Compounds

HSL Dibenzolfuran Polychlorinated Dibenzodioxins
Polychlorinatad dibonzofurans ' "

Organonitragen Compaunds
8(H) - Carbozole

Pesticides

90 Dioldrin 102 o-HCH

1) a-cmordano © - 103 g-HCH

88 . Endrin C 104 A-HCH -

100 Heptachlor C 108 y-HCH (lindgria)
PCBs

Volatlle Haloganated Atkanos

- 4% 23|j Chlorofarm o3 _1.2-Dichloropropane

48 Bromomothang 10 1,2-Dichlorosthane ©~ 61 Chlorodibromomethane
18 Chloroothane 11 1,1,1Trichlorosthana 14 1,1,2-Trichlorosthana
44 Dighloromethane. 8 '~ Carbon totrachloride 47 Bromoform

13 1,1'-Dichlorosthane 48 Bromodichloromothens 16 1,1.2.2-Tolrachloroelhane‘
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Tatin 2. (Continued)

Volatile Haloganatbd Alkones
88 Vinyl chioride ' 33 Cis-l.3-dich|brgpropene 87 Trichlorogthene

29 1,7’-Dichioroathens Trans-1,3-dichlaropropene 85 Tetrachloroathens -

30 Trans-1 ,2-dlchlorobmene

Volatlle Aromatic and Chiorinated Aromatic Hydrocarbons
4  Benzens 38 Ethylbenzens HSL Total xylenes
86 Toluene HSL Styrene . '7  Chlorobenzene

* Indicates EPA priority pollutant number.

® EPA hazardous substance list (HSL) compound.

¢ Total PCBs inctudes monochlo:obiphonyls through decachlorobiphenyls.
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®  Chlorinated guaiacols (associated with bleached’ d:scharges of pulp
mills)

®  Three 'of the most toxic PCB congeners that ehcu adverse biologi- |
cal effecls similar to those of 2,3,7 8-teuachlorod1benzodmxm '

N Polychlonnawd dnbenwfurans

" Polychlonnated dnbenzodloxms (in addition to 2 3,7, 8-telrachloro-
dibenzodioxin)

= Methylethyl ketone (MEK) .=
®  Methyinaphthalenes (1-methyl and 2-methyl isomers)
" Methylated phenanthrenes. '

Pollutanis that are not included in this report but have been recommended for
rouune monitoring based on a recently completed pesticide reconnaissance survey
(PSEP 1991) include: diazinon in water and sediment (an organophosphate

.insecticide often used for conuol of fruit, vegetable, .and ornamental foliage
pests), diuron in water (8 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 bxologlcal effects (PSEP 1991). The reconnaissance survey was
completed after the pollutant tables had been completed. ‘Eight other pesticides
were detected .in samples collected during this. reconnaissance survey but at
concentrations | that are of less concem. The detected! 'pesticides are part of a

- broad group of 'organophosphate, chlorinated, polar phosphorous. carbamate, and

vrea peshcxdes, and chlorinated and Iriazine herbicides that were lested for in
these samples.’ These compounds had been identified as of potential concern in

Puget Sound based on an earher review of comemporary pesticide usage (PSEP
1988), _

' Comamlnants selected as pollutams of concern for this: report mest aJl of the

following general criteria: 1) high toxicity (measured in laboratory studies), 2)

high persistence in the environment, 3) high bicaccumulation 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)
existence 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 Incorporated into BPA'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 pollutants of
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concern because of sufficient public or agency concern over their potential
impacts. For example, available data on chlorinated dibenzodioxins, chlorinaled
dibenzofurans, and chlorinated guaiacols are summarized 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
_pollutams in Puget Sound. -
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POLLUTANTS OF CONCERN
TABLES: Table!

2. POLLUTANTS OF CONCERN TABLES -

]

The following four pollulams ol’ concem lab!es are provided in this chapter:

Table I Regulatory Status and Analytical Cons:dcranons for
Pollutants of Concern
Table II: . Criteria, Guidelines, and Regulatory Action Levels
) for Pollutants of Concern
Table IIT: - Sources of Pollutants : ‘
Table IV: ‘Concentrations of Pollutants in Puget Sound.

The information provided in cach column of the tables, in addition to
associated references, is also described. '

TABLE I. REGULATORY STATUS AND ANALYTICAL CONSIDERATIONS
FOR POLL\ITANTS OF CONCERN .

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

Column 1-EPA !denﬁﬂed 65 cawgorles of priority pollutants (including
126 specific chamical subsumces to be the focus for tegulatlon under the Clean
Water Act). Becauss of their 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 pollutants is found in the Code of Fedeml Rogulations (CFR) Title

- 40, Part 401, lS The complets list of inorganic and organic chemicals analyzed

by the EPA Contract Laboratory Program (CLP) is found in U.S. EPA (1990a,b).

~ Columns 2, 3, and 4— Analytlcal methods for water, sediment, and tissue |

samples aro listed in columns 2, 3, and 4. PSEP has recommended guidelines for
analysis of many toxic pollutams. including most EPA.dcslgnaled priority
pollutants, For some pollutams. existing EPA melhods were adopled by PSEP
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(c.g., metals in water), Al least ong class of pollutants on the pollutants of

concem list (i.e., organotin complexes) involves analytical procedures that are not
routmcly avmlablc

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

Columns B, 6, 7, 8, 8, and ‘IO—-Li"mlts of detection and practical

quantification limits for analysis of pollutants will vary depending on the method

. used and the level of interferences present.  Columns 5—~10 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 limils
are provided in the table and arc enclosed in boxes. Protocols dedicated to

analysis of individual contaminants or groups of contaminants may yield lower

limits of detection. Individua! 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 Jisted in column 6. These

were obtained from EPA CLP guidelines for multimedia analysis of inorganic -
‘pollutants (U.S, BPA 1990a) and organic pollutants (U.S. EPA 1990b).

Limits of detection for sediments are provided in column 7 and are in
accordance with those recommended by PSEP (1989a,b). Practical quantification
limits for sediments are listed in column 8 and are also consistent with PSEP
recommendations (PSEP 1989a,b). Although quantification limits for metals are
not specifically identified in PSEP (1989a), the values in column 8 are consistent

with a PSBP recommendation that metals quantification limits be appmximately ,

3.3 times the limit of detection.

Limits of detection are provided for tissue samples in column 9. Column 10
provides practical quantification limits for tissue samples. Theso levels are in

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

Exampla ~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 a standard EPA procedure used in the analysis of water and

wastewater samples. A PSEP protocol for water has not yet been devoloped for

10
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. benzo(a)pyrene; however, sediment and tissue gutdehnes ifor analysis are available

for benzo(a)pyrene through PSEP (1989a,b). These guidelines allow the use of

various analytical techniques according to a consistcnt set of quality assurance and

quality control (QA/QC) procedures,

In water. the practical quanuﬁcauon limit for benzo(a)pyrene is 10 uglL
(i.c., 10 ppb) for routine analyses of l-liter samples by EPA CLP methods.
Limits of detection (i.e., 1 pg/L) can be obtained through special analytical

_seyvice requests. Practical quantlﬂcatton 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 range of <1 t0 50 ug/kg posslble 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.e., 20 ug/kg
wet weight) because of the potentiad use of tissue data in risk assessment,

11




TABLE L. REGULATORY STATUS AND ANALYTICAL CONSIDERATIONS FOR POLLUTANTS OF CONCERN

1 2 3 4 S 6 7 8 E) 10
5 ' Detection and Quantification Limkts
) US EPA Analytical Mathods Water Sediment Tissue
Pollutant OL TG DL o [ a
Poliutant of Carcem Stans ‘Water  Sedimens  Tissua wol) wgl) o)  (oke)  (okd  Goke)
tnorganic Chamicals _ {boxes indicate Puget Sound Estuary Program guidelines)
Astirnony P 200.7204.2 200.72204.2  200.772042 005 6.7 10 330 20 &
Amonic P 200.7/2082 200712082 200772082 - 0.10 630 100 350 20 08
Cadmium P 20072132 20072182 200712132 0.02 007 100 ‘330 10 n
Ctwomium [ 20072182 20072182 200.7/2182 ) 5 NA NA NA NA
Coppes P 20072202 200.M2202 220072202 | o005 0.17 100 =0 10 3
Cranides P 352 3352 3352 NA 2 NA NA NA NA
Load P 200.72392 200712392 200.712302 002 007 100 330 3 )
Weecury e 245.1 2455 155 0.0005 o017 . 10 = 10 =
Bckel (] 20072492 20072492 200712492 a.05 047 100 =0 20 e
Shme P 20072722 20072722  200.7272.2 0.001 0003 100 330 10 ay
Zne P 20072892 20072802 20072802 02 07 200 680 200 650
Qrganotin N (NCASE 1988) (NCAS! 1886) (NCAS! 1538) 0001 NA 10 NA 50 NA
Nonionic Organic Compounds
LPAH Campounde .
Negbehaions P SZTONESC  B2INIA2SC  B2TONMERSC 1 " 680 1 200 20 330
Acsnephttyiens P . . - - 10 660 1) " 200 20 -
Adenaphttos [ . - - R ' 60 10 . 200 20 330
Fuorene P . - ) A .10 660 10 200 20 239
Phosantheens 3 . . . 10 " 680 1 200 20 230
Anthenceas P - . . 10 680 10 200 2 330
T-Mathyinaphitulens N - . . NA NA 10 200 20 3z
2 tsetyinaphtiaions T . . 4 : 10 680 10 200 20 330
HPAH Compounds . 10 200 - 20 230
| Fuosthens . [J 2270/1625C  S2TONEAC  8TCHESC 0 680 10 200 20 230
Pyrens P - . - R 650 10 200 20 330
Benz{ajenthescene [ 4 . b - 10 ‘680 10 200 20 30
Chrysene. P - - . S " 650 1 200 20 3301
Seazaucranttmoes (b and K N - . - 0 - 680 | 10 200 20 330 §

——— e
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0
NA
1%
AL

- Z o a

00010

NA
RA

NA

00010

NA

0.0000040
0.0000010
- 0.0000025

£280/8200  3zeOM8290 82808200

Tettachicrinatod turans

0.0010

0.0010
0.0025
0.0025
0.0050

M .
NA

0.0025
0.0025
10,0050

NA

NA

-

sd rans

0.6000025
0.0000050-

[ R S S

o.0010

NA
NA

00010
0.0010

NA

0.0000030
0.0800010
0.0060010

. 0.0000025

23,7 8- Tetrachiacdionis (TCODY
Other tatiachictinated diaxins

0.0010

%

00010

0.0010

NA

NA

NA

0.0025
0.0025
00050

NA
NA

NA

0.0025
0.0025
0.0050
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1 2 3 4 5 6 7 8 . 9 10
> Detection and Quantification Limits
U.S. EPA Analytical Mathods : Water Sediment Tissue
Poliutant > & oL DU oL oL QL
Pollutant ¢f Concarm Status Water  Sadiment  Tissue {plt) (o) k@)  (m/ka) Ggke)  Gakg)
PCBe
Tom! ©Coe P S0BOEZYD  S0BO/E2I0  0BO/2I0 : Mmoo 19 ' 20]
3.3 .4,€ -Tatrachioco bipheny! N . . . NA NA NA NA NA NA
33,44 S-Pentachions bipheayt N - - . NA NA NA NA NA NA
3548 55 -Huxachioro biphenyl N . . . NA NA NA NA NA
Pesticides .
Adrin P . hd e 0.004 0.04 H 10 2 20
Disldrin ] . - . 0.002 0.02 1 10 2 20
4,4'~D00 P . - - 0.011 0.11 1 10 2 20
&.4-0DE P . . . 0.004 0.04 ) 1 2 20
4,6-00T P . - . 0012 0.12 t 10 2 20
canwna~-Hexachiorotycioliaxane P - . - 0.009 0.00 1 10 2 20
Volatile Organic Compounds
Benzens P B24ONO24C  B2401624C  8240/1626C NA ] 2 10 5 20
Chiorokem P . - . NA 5 2 % s 20
Btylbenzone P - . . NA 5. 2 10 5 20
Tolens P . . . NA s 2 10 5 20
Trichiorosthene P . . . NA 5 2 10 5 20
Tetrachiosoothone P - . 4 NA s H 10 5 20
Total xylecwe T - - . NA s 2 10 s 20
lonizabla Organic Compounds
Phenols
Phenol (4 8270N825C  J27ON1ERSC  8270/1825C 10 660 10 200 20 330
4-Methyiphenot . T - - - 10 660 10 200 20 30
Pertactiorophenct o - . - 50 2200 s 1000 100 3300
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| Detection and Quantification Limits " l
Water Sagimen Tissuo ’ !
[ 8 QL >0 oL [» N a ) ' h
) ) Gokg) ~ (vo/kg) (oke) (k) : l»
. . l‘
]
NA NA NA NA NA RA
‘NA KA NA NA NA NA . ;
NA NA NA NA NA NA ! |
- . L
tnformadon contained in each column i explained by column number in the . o , : B
t 4 - i
P = Chvornicat la cuealy on the EPA Pricelty Pollutant Liat ;
T = Chemical ls on the EPA Target Compound List or fs atarget anyle ' S !
N = Cheenical ks not an EPA priority pollutant of othes routinely Jyzed hazesd > 4 pound . . ';5
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the detection [imit Is that for a single feprecontative Aroclon) . - ’ ] - , ;,‘
NA = Ogia ste ntot avallable. ;
B i
g
.

n

232 gy s = S <t e e

e, TR TS
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TABLE Il: CRITERIA GUIDELINES, AND REGULATORY ACTION LEVELS
FOR POLLUTANTS OF CONGERN

Criteria, guidelines, and regulatory action levels in drinking water, ambient
water, shelifish and fish tissue, and sedimem are summarized for pollutants of
concern in Table I1.

Column 1—Available goals, siandards, or proposed standards for drinking
water are included in column 1 and defined in footnote b of Table 1I. These
values are provided for comparison with ambient water quality criteria provided
in other columns of the table. 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
level at which no known or anticipated adverse effects on human health oceur,
allowing an adequate margin of safety. Maximum contaminant levels (MCL.s) are
enforceable standards that are set as close to MCLGs as feasible. MCLs may be
set higher than MCLGs after considering factors such as available treatment
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 eesthetic qualities such as taste and odor. Finally, other values in
Table IT that are proposed or are not yet available in final form are qualified 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 1985a) and updated 23 March

1988.

Columns 2, 3, 4, and 8—Ambient water quality criteria documents are
published and updated periodically by BEPA. These criteria reflect the latsst
scientific knowledge on identifiable effects of pollutants on public health,
freshwater and saltwater aquatic life, and recrcation. The available acute and
chronic criteria are summarized and presented for freshwater and saltwater

aquatic life in columns 2—5. Dashes indicate that no criteria or toxicity

. thresholds are available in the water quality criteria documents.

18
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The ambicnt water quality criteria documents are published and updated by

EPA. Data in Table II were obtained from the Gold Book (U.S. EPA 19862) and

- from the water quality criteria documents announced in the l‘cdcml Register (U.S,
EPA 1985b)

TR

Columns 6 and 7—Human healih effects 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 10°® incremental cancer risk was chosen for use in the ble

because it represents the middle range of values presented by EPA in the water -

quality criteria documents. 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
» assumplions: a 70-kg man as the exposed individual and an average daily

consumption of freshwater and estuarinc fish and shellfish products equal to
6.5 grams per day. Crileria based on these assumptions arc estimated to be
protective of an adult male who experiences average exposure conditions. The
ambient water quahty documents provide a wealth of information on contami-
namts. The values provided in columns 6 and 7 mérely summarize the informa-
tion contained in the water quality documents and are not meant to replace them,

" Dashes indicate that no human health data are av:ulablc m the water qualuy

documenls

Columns 8 and 8—~The U.S. Food and Drug Administration (FDA) has

established action levels for a limited number of contaminants in scafood (i.e.,
fish and shellfish). These levels are listed in column 8. These administrative -

guidelines, when cxceeded, may trigger FDA (o investigale the arca where the

seafood was raised or caught. A range of legal limits for seafood established by
other countries is provided in column 9. Daghes mdlcalc that no values were

availablo.

The FDA action le\'/els'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 Agriculiural Organization of the United Nations,

Columns 10 'and 11—EPA has derived a measure of toxicological potency
from the dosc-response rolationship for a chemical of concemn using a data set for

17
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the most sensitivo species. Noncarcinogens are characterized by a reference dose
(RfD) value, which is the highest average daily exposure over a lifctime that

would not be expected to cause adverse effects. Carcinogens are characterized-

by a carcinogenic potency factor, which is a measure of the cancer-causing
potential of a substance. Both RfDs and carcinogenic potency factors are
provided in Table II, columns 10 and i1, respectively. Dashes indicate that
neither an RfD nor a carcinogenic potency factor is available.

Columns 12, 13, and 14~Expected (mean) eqailibrium partitioning
values and lower and upper 95 percent confidence interval values have been
deiermined 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 arc normalized to organic carbon.

. Column 18--Some interim guidelines were recently developed for assessing
sedinient quality. From a national database, the Battelle Marine Rescarch
Laboratory and the Criteria and Standards Division of EPA developed what were

ongma]ly termed probable no-effects levels (PNELs) and are now termed

screening level concentrations (SL.Cs). To develop these guidelines, the presence

- of a given benthic species is correlated to sediment contaminant concentrations
to determine the minimum concentration for a given chemical compound that was -

not excecded in 90 percent of the samples containing tho species. This process
is carried out for numerous specics to determine an SLC (Battelle 1985a; 1986).
Fourteen SLC values (normalized to organic carbon comem) are available for
organic compounds in marine sediments and are listed in column 15, Dashes
indicate that no SLC values were available,

- ‘The source of the SLC values in Table lI is a final report to EPA by Battelle

- (Noff et al. 1987).

Column 168—Chemical criteria for marine sediment quality standards have
recently been proposed by Ecology (1990; WAC 173-204-320). Values shown
in column 16 for inorganic and ionjzable organic chemicals are oxpressed as
pg/kg dry weight, Corresponding chemical criteria for nonionic organic
chemicals (in parcntheses) are expressed as ug/kg organic carbon, Dashes
indicate that no marine sediment quelity standards were available, '

Bl MJ
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Colu‘r'nns 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 biological data from several Puget Sound investigations. 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 concentrauon above which
statistically significant biological effects (P <0.05) always occur in the databases

~of sediment samples used to create the values, Dashes mdlcate that AET values -

have not been established, usually because msufﬁcxent\data are available,

The data used in developing ABT values are from’ Baltelle (1985b), Chan et

al. (1985a,b), Osbom et al. (1985), Barrick et al. (1988), Romberg et al. (1984),
Tetra Tech (1985b), Beller et al, (1988), Pastorok et al. (1988), and U.S. Navy
(1985).

Column 21—Exceedance of criteria established in Ecology's Dangerous
Waste Regulations {FEcology 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 173-303-9903 (Ecology 1984) designates a

. discarded chemical product as either a dangerous waste (DW) or an extremely

hazardous waste (EHW) and also: provides (he: reason for the designation.
Reportable quantities for the discarded chemicals are determmed in accordance
with their toxic constituents, as established in WAC 173-303-081 and 173-303-

(084, The information from WAC 173-303-9903 has been provided in column 2}

where data are available. Chemicals that are not specificelly listed or designated
may still be classified as EHW or DW by the regulations. Dashes indicate that
the chemical is not specifically listed in the regutations.

The information 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). Thess regulanons incorporate, by reference, the National
Institute for Occupational Safety and Health’s Registry of Toxic Effects of
Chemical Substances and EPA's spill table (40 CFR 302.4). Both the registry
and the spill table are referenccs for determining toxic categones for constituents

in a waste.
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Additional data summaries of lifetime cancer risk vs. chemical concentration
provided in Appendix A have been updated from Tetra Tech (1986a,b) usmg
information from U.S. EPA (1990¢), :

Example—No EPA drinking water standards ‘or ambient water quality
criteria have been set for bcnzo(a)pyrene Some information is available for
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 o5~
chronic toxic effects on marine organisms (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 dangerous waste regulations classify.
benzo(a)pyrene as a persistent hydrocarbon that has been sufficiently designated
as a carcinogen (Category P,+-; see Table 1I) for reporiable quantity purposes.

" . Benzo(a)pyrene is a persistent HPAH compound for which there is sufficient
animal or human data o 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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TABLE Il. (Continued)

12 13 " 1S ) 17 18 ‘19 2 21
: Sediment
n . ]
Equilibelum Pastitdoring ok Cuathy Cyetor Wasts
_ Costficient Vaiues (a/ka) oganic Criteria Amghipod  Larvee Microtox ~ Beathic  Designa-
Poihgant of Concem ' Low Mesn “High | cafbon) () Tedelly Yoxdcity Tesiclty ENacts 200
Inorganic Chamicals - . HOTE: Al vakuow 1t (PARENTHESKS) ave axproeasd I Yorte of 50/ ORGANIC CARBOR, all oter vakies are b seros of 4GP DFY WEIGHT
Aemcoy - - - - - 150000  200.000 26000 26000 180000 0= - .-
Arvecic @) - - - - 57.000 £3000 700000 700,000 57000  EHWSWB :
Cormicz - - - - 5,300 6.700 980 980 5100 - '
Chwomion SIRAVD S - - - 260000 | 220000  >37000° 77,000 210,000 -
Copper . - - - - 200000 1300000 390000 390000  530.000 -
Cysnides .- - - - - - - - - EHW A
- Leed - - - I 450,000 880000 600,000 530,000 450.000 -
Mercury - - . — ato 2.100 590 © A0 - EHW.EP
piicked i —-— - - - 140,000 >140,000 39,000 a.m >140.000 -
Sover - - - -  emo 6100 >0 . >0 6.100 -
Zne - - - - 410000 960000 1600000 1800000 410,000 -
Oeganctin _ - - - - - - - - - -

LPAK Compounts - - = = (sTo0R 24,000 5200 . 5200 13000 -
Naphehiatens - - - 41,400 . 89.000) 2400 - 230 2.300° 2,700 EHWS
Acenaphtiwione - - - (4,740 (65.000) 1300 . >560 >560 1.300 -
Asonaphthone - - — — (16.000) 2,000 S00 500 . 0 -

Fluorene - - - (10300 {23.000) 3600 540 530 1000 EHwWS

Phecanthreae (26000)  (100.000) (440,000 {38.200) (100,000) 6.900 1.500 1.500 5,400 —

Jethacons - - —  (16300) (2200000 - 13.000 . - 980 960 4.400 -

1-Methyinapiehalene - — - - - - - - - -

2-Methytnapihatens - -_— — . - (64.000) - 1,000 &7 &70 1.400 —
[
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Ettacta Theeshold {9/k0 dry weight) Dangetous
Larves Microscix Benthe  Dempna-
Texicity Joxtehy EMocts ton

17.000 12,000 63,000 -
2.508 1.700 24,000 pow.D
3.300 2,600 16.000 -
1,600 1,300 5.100 EHWP.¢
2.800 1,400 9.200 EHW.P.»
3,600° 3200 8.900 EHW.P.+
1.800 1.600 3600  EHWP.
) 800 2,600 DW.»
230 230 970 EHWAP.
720 620 2600 -

;

>170 >170 5170 EHW.BM s

120 0 110 EHWBH s

230 L 2 EHWH ¥
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0 w '8 EHWB. 4
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1.900 1,900 1,300 -
M 120 n EHWC.H ¥
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siwe " Satment WEWMMM Denperous
. Equllibriim Partitloning o0 Quelity . Oymet Wase
‘ CoetSiclert Vilues (xo/kg) arganic Citteria Amphipod . tarvae Mcrotox Benthc  Designa-
Polktant of Concamn - - Tow Mean Figh carbon} Gohka) Yoxichty Touxiclty Tealchty Eltects won
Pociiodnawd Dibanzo-p-dicxing  ~~ © NOTE Alvakoss fa (PARENTHEDKS) are u.proseed 1 Wcmm o git ORGANIC CARESON: all oher vakses are b teras o1 st ORY WEIGHT ,
2.3.75-Tetrachiomdinda (TCOD) - - - - - S - - - -
Other Mtrachiccinated dicsdne . — - - - - — - - - —
Pectachlorinated dioxine - - - - - - - - - =
Hexachiorinated dicxine - - - - - - - - - -
Heptachlodineted Qlexina - - - - - - To— - - -
Octachiorinated dloxine ’ - - - - - - - - - -
Totat PCBe {8,.300) 41,0003 {230,000} €3.880} {12.000) 3100 . 1,100 130 - 1,100 -
3,3'4,4'-Teactiora biphenyt - - - - - - - - - -
AT 4.4 S-Poctachiorobiphenyl - - - - - - - - - -
33°4.4' 5.5'-Hexazhloro bipheayt - - - - - - - - - .-
Peeticklos
- Nddn t - - - - - - - - —  EHWXH
; Dietsin - - - - - - -~ - —  EHWXHs
4..’.” » - - p - — 43 - -— . 16 EMWCH.
4.4<0DE - - - - - 15 - - ] -
£4-DDT {18y (830 {3.800 {50,500 - »270 >8 - 38 EHW.XH.e
gamma-Haxachiorocycichexane (420 (5.800) (78.000) (62,500} - - - - —~ EMWH.e
Benzene _ - - - - - - - - —  EMWC.
Chioroloem : {13.000) (8000) (500,000 - - - - - — EHWCH.
Ethylbenzene (2.400) (17.000)  (120.000) R (3.800) >50 a7 33 v -~
Toksens - - - - - . - - - EHWC) :
Trichiotoethens - S - - - - - - - — EHWCH. '
D Tetrachloroathens (5.100) (35000} {250,000} - 122,000} 520 180 140 § EHWCH.
: ’ Tota) xyenoe - - .- - {12,000 >180 120 100 ©  EHWC!
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TABLE I (Cominued)

2 13 14 15 18 17 12 19 20 21
Sodimont
R » 1 I
) e Sed . App Elects Threshold (vg/kg dry weight) Dangetous
Equiibrium Partisoning oy Cuality Oyt Waste
' Cosfficiont Valuss (pp/kg) orgenic Cilterla Amphipod Larvee Microtox Berthic Oesigna-
Poliitant of Concarn T Low Mean High casbon) (pgkq) Toxdelly  Texichy Tendchy Effects tion
Tonizable Organic Compainis NOTE: Al vakuss 1o (PARENTHESES) are xpreseed I torme of s0kg ORGANIC CARBON il ottvet vaksws 8re ) 15 of aiifig DRY WEIGHT
Phonols
Phenot - - - - 20 1.200 20 1.200 1200 BHWC
a-Mathyipheno! - ~ - - 8§70 3600 (2] (1] 1,800 EHW.C
Pertachiorophano! -— -— -— —_ 380 >300 >940 >140 >000 EHWAMH :
Resin Acids end Gualacols :
2-Mathaxyphona! (guaiacol) . - - - - - - - - - - Al
Chlorinstad gusiscols - - - -— -_ -— -— - -— - :
Chiorinated dshydroabiatic acide - -~ -_ —_ — - - - - — .

mmmn.mmhmmehmm

G = Micximem contaminasit fevel gosle MCLGS. nonentorceable hoalth Goele
M = Maximem conteminant tavols (MCLs), enforcasbls standards ‘ 1
P = Proposed valus , ‘ A o B : :
{) = Seconday MCLGs : : : 3
\ —-mm«mmmmmwm ) .

()-Mmmmmu«mmmmmmmmwmm :

H-memm.emmm.mum The relationship is not lineer snd the equations specific to each chemicad wre found in the criteria documents. Fot this
table, 2 criterta concentration based on & hardnees value of 50 mg/L calclurn carbonate Js provided. Exact critecta values must be calculated from the equations.

P = Toxicly ts pH dependent. This vatus is calrulatod based oo a pH o1 7.8. k]

* = Where two valtes ate provided for arsonic, the first is & trivalomt ic (1) and the d Is for pontavaient ersenic (V). Where two valuos are provided for chromiom, the first ) v B
te Cor trivalent cheomicm (15 and the second is for hexavalen! chwarnium (V. ' :

— = No eritaria of toxichty tiwesholds are p d In the water qualily eritorla documents.
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" TABLE ii. (Continued)

‘BMMMMWMMM@MMMMM p from mption of foh and sheltBsh that are assumed to have blocontentrated

poliutants rom e water in which they Tve. The criteriz concentrations wsre estimated using the following assumptions: ohe 70-kg man as the exposed individusl, and the average dasly
Wuwmmammmmmummm. mmmmhmmﬂwwumnm-mm»m
1in 1 mililon incromentat cencer risk. For noncarcinogens, the taxielly coliumn displeys the calculated concentration sxpectad to protect humans from adveres effacts. .

n-mdum&aMthmmwummmﬂmm mmhmmcmmmummmdma
The drinking wster standard ia shown

* = ¥hers two vakion are provided for chromiam, the frat s for trivatent chromium (1) and the sacond is for hexavalent chroméum (VI).
~ = NO humen heeith data eto svalable n the water queity crivaria dacuments. . <

Ttnmm e legal Emite wwmmmmmmm (rcooeqmmmmmmcmmmm)mcmmm
mwmmwmmmmwﬂmdmwnamu(m 1883)

mmmmummmdwymmammmmu P d to cause adh offucts.
R = A plot of the noncarcinogenic isk index for mercury ve. concentration in soafood is found In Appondix A.

* m Whese two vakies are provided for cheomium, the first Is for Stvalemt chromitum (i) end the second Is for hexavelent chromium (VI).
- = N RID is sveileble.

s mmwm-mﬁcmm nmammmmmmm(wm’;

€ = Caxcinogenic PAH compounds potency tactors for carcinogenic PAH other than boazolsipyrens have not beoss publizhed
Hawever, mmmmmmmnmmmmwsu

R = A pict of iitatime cancer risk for areenic, cascinogenic PAH, and PCBs ve. concentration in seafood Is found kn Appendix A.

N = Not considered & carcinogsn via distary eop

~— = fo cascinogenic potency tactor Is available.

mmm walie® a9 exprecsed ETHER as sgfig DRY WEIGHT mmmm«wwnummmwqu
asprovided it WAC 173-204-320. Al criteria valises exprecsed in torms of ORGANIC CARBON are shown i parenthesis ().

! >-mmmwmmmmu.mmmmummmWu.mpmdmnandmuwmmmwm‘

mmmmwmimmw&uwwmmwu, de the for dosignation of & chemical as an axtremely hazardoys waste or & !
waste and the categorios of repostabl quantitios, a8 eat bith dalow: .

EHW « Extremely hazesdous waste s H-Pudm.ha.bgauledhy&mbcn

DW = Dangerous wasto O = Corroeive

X = Taxic; Catagary X P = Potsigtant, polycyckc aromatic hydrocarbon

A = Tode, Catogory A ..m«mwyhmwmmmuhuwm«mwm

B8 = Trvic. Catagory B { = fgnitable

C = Toxic. Categry C = Roactive

D « Toxic, Category D E’-Toddtymm

7 = Taxie, Category nok determinod

- Achemicel that is not Nsted or specifically designated may st bo dewgnated EHW or DW by the regulations.




POLLUTANTS OF CONCERN
TABLES: Table il

TABLE Ill: SOURCES OF POLLUTANTS

Major known sources of contamination around Puget Sound are listed in
Table I1l. 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 Puger 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 the pollutants are from
_Metro's Toxicant Pretreatment 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 I inspection surveys (Andreasson 1990a,b; Hallinan 1988 Heffner 1988
1990c; Reif l988a, Zinner 1991).

Column 2—The types of industries from which release of each chemical has
been documented is coded in the industriat (point source) column of Table I1I
{column 2). Each industry is given a separate descriptor code (e.g., ship building
and repair is designated by the letter S). Dashes indicate that insufficient data are
availabte to categorize the sources of these pollutants.

Industrial sources of pollulants were determined using data from industrial
reports prepared by Ecology's Water Quality Investigation Section (Joy 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¢). Additional data were included from Norton (5 February 1986, personal
communication), Galvin and Moore (1982), Martin and Paviou (1985), Paimork
et al. (1973), Sittig (1980), Stranks (1976), and Young et al. (1979).
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POLLUTANTS OF CONCERN
~ TABLES: Table fl

Column 3—Data generated from combined sewer overflow (CSO) sampluig

are included in column 3. Chemicals found in CSOs are classified according to -

their frequency of detection (i.e., the same as mumclpal dlscharges) 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
CSOs. .

Column 4—Nonpoint sources are difficult to identify and quantify.
Nonpoint sources listed in Table III include agricultural, urban, and industrial
runoffs and groundwater seeps. The urban runoff designation includes those

chemicals detected in > 10 percent of the samples analyzed for the National

Urban Runoff Program (NURP) (U.S. EPA 1983b). The 1O percent criterion,
used in the NURP summary teport was also used in Table I1I, ‘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 1able are urban and industrial 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 Lypes of spills that have
occurred in Puget Sound where chemicals are expected to 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 samples 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 o generate benzo(a)pyrene (e.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. BPA 1983b) to document the presence of benzo(a)pyrene in discharges
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POLLUTANTS OF CONCERN

TABLES: Tabta til

from nonpoint sources in Puget Sound, although ‘benzo(a)pyrenc has been
reported as a component of stormwater runoff in research studies conducted in
Lake Washmgton southern California, Narraganseit Bay, and Europe Benzo(a)-
pyrene is an expected component of most il spills.
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TABLE lll. SOURCES OF POLLUTANTS

1 2 -3 4 5
Point Sources : e '
— - 8 c d Nonpoint t
Pollutant of Concermn Municipal Industrial CSOs Sources Spills
tnorganic Chemicals

" Astimony >25% C.CA(E)LSM.OCLORPI >25% URIR 0s
Arsanic >e5% C(EICLLSMOCORPS >25% ARURIRGW os
Cadmium >25% CCPOCIMP . >25% URIRGW c
Chromium >25% CP.E.IC.L).ORP,PLISI(SC) >25% URIRGW c.os
Copper >25% CCACPLLSMORPPDALS >25% URIR.GW 0s
Cyanides >26% C.CP.[F).0M).0R,P,PD.PH >25% UR- c

Lead >25% C.CA,(DC),LSM,0C.OR.P,PDPILS) >25% URR.GW 0s.0

Mercury >25% B.CA{DC)ICIM,OC.ORP.S >26% URJRGW . Cos
Nickal >25% C.CAM.OC.0RPF >259% GW,JR.UR 08
Sitver >25% (CPL{E).IC,PH.PL >25% GWJR.UR osc
Zine >25% C.CA(CRIMDC)E)LICLS M, >25% GW,IRUR oS

- . e OC,ORP.PD,R,S,SC :

Organotin >25% DOCORPLS >25% -
LPAH Compounds >25% {CO).D,LMP),(RU)(S) >25% GWJR.UR 0
Naphthalene >258 DL{OR.OCLP - . >25% GWJR,UR o
Acenaphthylans NO L : <25% GWJIR.UR o]
Acenaphthone <25% LMPD- | <25% GWIRUR o}
Fluene . 5255 LMPD >25% GW,/AUR 0
Phenanthrene >25%. D.LM.PD >25% GWJIR.UR -0
Anzhracene >25% DL =25% GW,R.UR 0
1-Methyinaphthalena <25% (OR).(OC)(P) 25% GW,R,UR o]
2-Methyinapithalens >25% (OR(OC)L(P) >259% GW/R.UR 0
HPAH Compounds >25% (COLD.LM.OCFLANS) >25% GWJRUR o
Fluoranthane >25% oLM >25% GW.R.UR o
Pyrene . >25% - DLM >25% GW,IR,UR o
" Banz(a)arhracens >25% LM >25% GW,R.UR 0
Cheyseng - >5% LM . >25% GW,IR.UR [o]




TABLE ill. (Continued)

1 2 3 4 5
Point Sources '
j ; c d Nonpoint
Pollutant of Concemn Municipal industriai CSOs Sources Spills
Total benzoiiuctanthenss >255% L >25% GW.RUR o
Benzo{a)pyrene >25% M © <259% GW.IR,UR 0
indenc(1,2,.3-cdipyrene >25% L >255% GWJIR.UR 0
Dbenzi{ahjanthracene <25% L =259 GWIRUR (o]
Banzo{gh,Operylone T >25% L s25% GW.IRUR o
Methylphenanthsones - (ORY.(P) -- GWRUR --
Chiorinatad Benzenes
1,3-Dichdorobenzene =<25% ®.0C s25% IR -
1,4-Dichlorcbenzone <25% ©.0C s25% IR.UR -
Haxachlorgbenzene - ND ®n.0C - R -
Miscallanaous Exractable Compounds
N-Nitrosodiphenylamine ND (0O POLRY) <25% UR -
Meithylathy! ketone (2-butanone) - DC.,0CPOPLS -~ RUR c
. Bisf2-ethyBhexylphthalate -- ®.FLen - IR c
Hexxachicrobutadiane ND (>, 90 o] -- GW C
Dibenzofuran ’ - CLLs -- IR.UR --
Polychiorinated Dibenzoturans -- B.LOCP - IR .-
. Tetrachiorinated hurans - 8.L.0Cc,Pp - - -
Pentachiorinated furans - sLocr - -- -
Hexachlorinazed burans - 8.L.0CP -- IR -
Hexachiorinated bsrans - eLocP - "R -
Octachiorinated furans - 8.L.0CP -- R -
Polychicrinated Dibenzo-p-~dioxins -- 8.L.OCP -- R -
2.3.7.8-Tetrachlorodicuin (FCOD) - BL.OCP - - -
Other tetrachicrinated dicxins -- B8.L.0C.P - -- -
Pentachiorinated dicedins - 8.L.0CP -- " .-
Haxachlocinated dicxing - B.LOCP - R -
Heplaciosinatod dicxins - 8.LoCP -- R -
“Octachiorinated dioxins -- B8.L.0CP -- R -
N

E N ) . o
. - ._a.-.. Cim e 1 e s smemcetmd b = P . - - N . :
St ndist e Ll o8 e = .. L V) B "
Pl irablast s atia . 0 tehata o} bttt el o e, Lo dasdens . o Ly LU T I Sy DU YYD SRS ATUURT FOU I S SPUT % SRR YON




TABLE lil. (Continued)

P e

1 - 3 4 [
" Point Sources , .
< ] Nonpoint t
Polutam of Concern Municipal industrial CSOs Sources Spills
Total PCBs . - s25% MSC >25% RUR C0O
3.3 4,4~ Tatrachioro biphanyls - : - e - -
3.3 4.4 5-Pantachioro biphenyis = - - -- -
3.3.4.4° 5,5 -Hexachioro biphenyls - - -- - -
Pesticides
Audrin -- - - AR .-
Dsaldvisi - - - AR - -
4,4 -DOD -- - - AR c
4,4"-D0E . -- -- -~ AR c
44’-DOT . ) ’ -- - - - AR c -
gamma-Hexachicrocyctohexane - LLS.0C -- ARUR c
Benzeny ND DC.0C.0RPLIPL.(RY) - IRUR o.c
Chiorolorm >25% OC.(E)ICMOC.ORPPLIPL) >25% ~GW.UR . €
Ethybenzons >25% {OC),08.PD ' >25% GW,IR.UR o.C
Toluane ND D,0C.0RA1 - C e GW.IRUR oc
Trichioroethans >25% CA(OCI(EMM),0C,P , >25% GW.IRUR c
Tetractilaroathene >25% CA[OCYENC M.PAPN.FD.OC >25% GWJR c -
Total xylenos <25% OC(OR),PD(PI).PL - GW.IRUR ocCc -
lonizable Organic Compounds
Phenals .
Phenci >25% IC.LLSM.OC.OR.P(PLY.(RV) >25% URJR c
4-Mattytphenct .- L).AMLOC)LOR).P [PLYAL) - URMA (¢ X o]
Partachiorophenot =25% ICLOCP - UR.IRGW C
Rasin Acids and Gudiacols
2-Mathoeryphano! (gualacol) -~ P - IR --
Chiarinatad quaiacols - 8P - 18 -
Chiorinated dobrydroabletic acids - 8P -- R --




w

M Lean l s ) o

* intormation contained In each column is explainad by coluran number in the text.

® 5250w Momshmnmswmamnmmmwmmm
255 = Chamical ocours in 25 percent of fower sampies fom Pugat Sound municipal discharges

ND = Chemical not datected based on available information

"= = There are ksutiiciant data to categorize.

© The following codas are usad to dascride industries that are point sources of chemicals:

B = Bleach plam ’ F = Farro, siicon, chrome industrios ’ P « Pulp mills

C = Copper smoltecs IC = Inoeganic chemical manufacturing - PD «~ Patroleum Distribuwzor

m_-mpﬁans .- L =Logiwood treatment facility, plywood Pt = Paimt ang ink

CO » Coal hendling LS =~ Log sont yards PH = Photography

C?-mmmsmrplaxm M-Pmnatypwcducdonofle«mandnmiwusmetals PL = Plastics

D » Docks OC = Organic chamical manutacturing R « Roofing

DC = Dry cloaning OR = OH refining ‘RU = Rubbar manutacturing

E = Electronics ) . : S = Ship buitdingfrepair
SC = Sctap yards

mmhwmemmmwmmwmmdwwmmsm
--= » Thore ase insufficiant data to categorize.

>25% = Chamical occexrs in more than 25 percent of samples from Puget Sound combined sewer overfiows (CSOs)
$25% = Chamical occurs in 25 percent or fower Samples from Puget Sound CSOs

KD = Chemical not detected based on availabie information

---maaeksmdalamcam

mmmmmmmmmsam
UR = Urban runck IR = Indusirial runoft

AR = Agricultural runoft GW = Groundwaler seaps
-~ = There are insutficiant dala to catogorize. ,

Sources of chemicals may be attributed to the following spiits:

O = Ol spills, ar pasticutasty in the case of PAH, creosola spiis
C = Miscollangous product spills

OS « Ore spills

-- = There are insufficient data to categorize.
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POLLUTANTS OF CONCERN
TABLES: Table 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 1V.. 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., urban 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, Description of Pollutants qf Concern in Puget Sound.

Columins 1 th’fough 16—A computerized dambage Was used to calculate
" minimum, median," 90th percentile, and maximum - concentrations found in

sediment samples taken from reference and nonreference areas 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 database, but the data for some chemicals represent nearly 1,000 samples
from nonreference stations and 150 samples from reference stations in Puget

Sound. This database is conlmumg to be expanded In all cases, the highest -

detected value is used as the maximum. The minimum: is either the lowest
detecied value or the lowest detection lnmu for undetected values (whichever is
smaller). These criteria were used because detection limits can vary substantially
for different samples and studies. Dashes indicate that insufficient data are avail-
able to calculate concemrauons, or that no data are avmlable for that chemical,

The sediment chemisiry database compiled for Puget Sound (U.S. EPA 1988)
includes data from Chan et al. (1985a,b), Battelle (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 (1983), Crecellus et al, (1989). PTI (1990) ‘

| Cotumns 16, 17, 18 and 19-—-Minimum and méxihmm 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 provided in columns 17 and 18. The data are not. prcsemly available in a
form that readily allows computation of the medians and percentiles provided for
the sediments, Liver or hepatopaqcreas lissues are not included. However,
limited chlonnalcd dloxin and furan dala for fish nssues include whole fish
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] POLLUTANTS OF CONCERN
‘ TABLES Table lV

samples reported by Terpening (4 October 1989, personal commumcauon)
Dashes indicate 1nsufﬁclenl data are avajlable.

The summary ranges of concentrations in Table 1V are mtended 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 provxded in PSEP (1988b) and Faigenblum (1988). Mean values are
also provided in these reports, although not all of the data provxded in the ranges
in Table IV are included in those references.

Tissue data were compiled fi'om Beller et 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), Tetra Tech (1985b), Yake et al. (1984) and Terpemng (4 October
1989, personal communication).

Columns 20 and 21-Information for concentrations of pollutants in

waters from refesence 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.

Receiving water data were complled from water quality surveys by Ecology
(Bernhardt 1982; Johnson and Prescott- 1982a,b,c,d; Norton 1985a,b), EPA
(Osborn 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 Pugel Sound range from <1 to 100,000
ug/kg dry weight, although most concentrations (even in nonreforence areas) are

<240 pg/kg dry weight. Benzo(a)pyrene has been detected in shellfish tissue
(maximum 240 ug/kp wet welght). but not in muscle tissue of fish. Water
concentrations of benzo(a)pyrcne in Puget Sound are typically undetected (i.e.,
<l pglL)
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TABLE IV. CONCENTRATIONS OF POLLUTANTS IN PUGET SOUND

=t

B

t 2 3 . 4 E 6 b ? 8 -] 10
Sediments (5/kg dry weight) .
[ * .
Reterence Areas Nonrelarence Areas
Potiutant of Concorn Minimum Median  Percentile Maximum  Frequency Minimum Median  Percentlle  Maximum Frequency
Anttmony veo 1600 5360 0470 258 U 1.000 20000  1.570,000 sru
Arsenic 0 705 1740 28,200 ‘e uro 1,900 . 36100 12,200,000 sr2n018
Codmium U0 425 1570 2100 8170 20 60 2,500 184,000 o307
Clwomium 0000 = 49000 142,000 £86.000 belrd] U3,000 48,300 120,000 1,080,000 sserese
. Coppes 3800 20700 £2.000 78.000 70071 USO 52000 . 175000  14.300.000 oTames
Cyenides . Useo -— -— o - o3 ) . 250 7 TseeT 1,000 T suss
Lead U100 12500 27.500 “o0  tersst uteo 27000 203000 71.100.000 08111005
Meccary 600 820 78 231. 138157 . 300 wo - %0 §2,000 231058
tickel 0.600 31.600 68,000 10000 - 7000 u2,000 31.800 568,200 300,000 90005
Sliver 140 140 - 880 2260 1301150 7.00 340 1300 8270 TO8838
e 14700 63500 $9.700 000 - 7N 15,300 100,000 35000 £.010,000 983/9¢3
Organatin vtz 17- - us s Cuie 23 e 3 e
Nonionic Organic Compounds _
LPAH Compounds 20 ) 180 3600 aarro BT K 500 5300 60000 766201
Nephihalene o so 76 T 200 272 vo.10 140 1,500 52,000 ‘So0veas
s Acenaphtintens v 14 - 490 as vo.10 2 R 7" 37,000 91783
Acenephthens 0.20 18 R 120 - exs vo.10 e 740 §1.000 soon4a
Fhuorene wo.10 . 33 170- 270 em uo.10 B a0 ko0 T stemw
Pheaenthreme 20 - 12 150 1.500 a2 vo.10 270 2700 - 330000 - 7SAAKQ3
Antheacens 030 74 38 1.500 w72 U0.10 . 120 1.600 190,000 710m15
1-Methyinaphthelene 10 a8 - 18 a0 v0.10 28 160 1.200 6ome
2-Mathyinephthalerse 0320 a 2 75 19082 v0.30 e @ 23000 aasmaa
1.3-Dimethyinaphthalene - - - L~ - w20 56 - 7 )
2.8-Dimethyinaghihalens 0. 15 = 20 s u20 23 200 1,400 agre0
L
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TABLE IV. (Continued)

1] 2 3 4 s -] N 7 8 -] 10
. Sediments (¢/kg dry waight) .
Reteranco Areas Nonreference Areas '
Poltutant of Concorn - Minimum Median Percentile  Maximum  Frequency Minimum Medlan  Percentile  Maximum - Frequency
HPAH Conpounds 1?7 . 120 420 R 28.000 oo .40 1900 - 20,100 3,200,000 TOBO7
Rucrarthene 30 1 8 5000 am U020 00 4200 1300000 230833
Pyrene 20 ” P 4500 wm vo.40 510 70 740000 835033
Benxisiantiwacene 20 70 100 2.500 3872 U0.10 20 2,100 300,000 700/009
Clwysene ‘ 20 1 o7 6,000 aam vo.30 340 2700 350,000 ez
Totel benzofucranthenes ueo 23 100 5.200 2883 vo.20 500 5100 500,000 721
Senzoiaipyrene ' 10 88 70 1900 72 voto 26 2450 100,000 723008
Indeno{1.2.3-c.dlpyrene 10 ‘68 420 1000 15065 vo.c0 0 © 1400 0,000 0431
Obenzis.harttwacene 0.0 a7 - 390 wos W.¢0 58 s 12000 14310
Benzolg.h.iiperytens 28 $0 420 1500 16,03 Uo <0 10 1100 32,000 551520
1-Metnyiphenaivens Y 30 - 200 w2 070 oo 300 - . 100000 2431270
2-Methylphenantrene 50 80. - 200 s 22 & -489 . 110.000 1841187
3-Methytphenanttwene 390 - - 3% n 13 o &0 87000 caes
~ .
Chictinsted Berzenes
1.3-Dichlorobenzene .05 40 - a0 s ©0.05 2 120 210 c301 X
1.4-Dichicrobenrene BoS 14 - 23 %63 U005 3 150 31,000 1200702 '
Hexachiorobenzens 001 0.025 - 0.04 a2 0.02 30 130 720 C O TIHTSA
P d Dibenzoh - - - - - - - - - —_- ’
Polychiorinated Dibenzo-p-dicxing
2.3.7.8-Tettachinrodionin (TGOO) - - - ' - o0 uo.002 uo.002 0431 0.080 /34
roee | .f
Totsl PCBs U0.10 72 a7 a 1873 U0 01 110 1,100 24,000 6041350 i
; coopords | | . .
N-Nitrosodiphonytanune T - - —- ors4 02 'y 70 50 S¥ta04
Methyiethyl ketone -- - - - - ' - - - - e
Bist2-othylhexylipithalete i 80 50 62 2.000° ) 2.800 - 1357 80 50 160 1.500 21,000 207/589 .
Hexachirsobutadiens o o3 0.20 - 020 168 om 12 ) 290 . i 40 78212 f

Obenzoturan v o 1e - 130 5080 uo g 81 610 T 36.000 3367534
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TABLE IV. (Continued)

1 2 3 5 : [ R 7 3 ]
Sadiments (vg/kg dry weight) — '
Reforoncs Areas Nonroferenca Areas
Politant of Concamn Minkmum  Median  Percentiie  Maximum - Frequency Minimum  Median  Percentle  Maximum  Frequancy
pIves uo.01 - - — ora3 vo.01 -75 - % 20001
Disldein V040 - - - onsy U008 10 - 51 " 3m01
£.4°-D00 uo.03 - - - oma vo.03 80 a7 180 ]
€408 uoos -~ - - ams’ Uo.01 20 1 ] 1407783
4&4POY - - - Uo.02- - - - o/me uo.os " n EL) @t
gamme-Hexachioracycioh vo.01 - - - o/43 to.ot 0 - 10 - - s
Veolstile Organic Compounds
Benzene ’ 0034 - 0004 " yo.02 o.008 - 0.15 a3
Chiorolare vo.07 - - 025 w24 yo.03 0.14 1“% 1 unre
Ethytbenzane . o003 0.047 - 0083 -3 Us.017 10 © 150 beloa
Tolwene Utz - - 0.2t us Uo.os 023 7] s4 1158
Trichiotoathane uo.03 — - - . 028 0.008 12 ‘370 10,000,000 1283
Tewachiorosthons 001 0048 - 0.06 o) - 001 a2z 170 14,000.000 250237
Totsl xylenes 025 - - 025 e U083 7.1 100 100 sor184
fonizable Organic Compounds
"Prencl uzo 53 510 1,800 2283 0.00 1720 250 4800 3487725
&-Rathyipheno! u1o 120 1.400 1,500 1a/44 yo.20 160 1.400 100.000 2371552
- Peritachictophencl 0.10 - — 0.10 1759 ug.20 &7 280 8,000 0373
2-Mathoxyphonol (gusiscnl) 13 - - 1.3 s uo 10 50 are 3,000 B0 .
1.2-Chlocodehvydroabietic acid Ui - - - o3 - 80 4,600 - 11.000 18128
1.4-Chiorodehydioabietic acid iz - - - o3 K’ 610 " 3200 " 3400 1028
Oehydroabietic acxd 2 2 - 40 2 3 1.200 10,000 83,000 o
Dichtrradehydrnabistic acd uno - - -— ora us? 470 -— 0 6133
Chioendehydrosbets: ecid Utto - - - on us? - - - o




11 12 13 14 15 18 7 18 19 .29 2 22 23

N . t
Seamm(mmed} Fish and Shallfish Tissue {zg/kg wet weight) Recalving Water (g/1)
UbanBays Fish Tissue Crab and Bivaive Tissuo Reterence Nonretgrence
S0th Detection (All Aroas) {All Areas) Areas : Areas
Min,  Modian Percantiie  Max. Frequancy i WM. M. Wax W Ma. CWn WM.
© UI90 1.130 38500 1370000 4500810 uso 1,700 U000 14,400 - - 100 170
530 13,100 30,400  12.200,000 TTores 190 82000 400 22.100 - - 100 3820
uar 70 3100 164,000 737708 tos 220 u20 180 0 - - .10 200
43.000 47000 126000  1.080,000 s49057 u10 60 uso &0 - - 100 ‘220
1,000 57.000 191,000 14,300,000 768705 uss 1.2%0 150 204000 - - 100 1200
s0 2% so0 " 1000 34249 - - T~ - - - so 80
™ 45000 232000 71,100,000 770788 wo.s ‘200 vt 11200 - - ute 1750
6.00 208 700 52.000 asan23 uos 200 1 1.500 - -  Uooss 140
u2.000 22,000 $8.200 368000 cs8/003 uto 1.100 urs 3,300 - - U1o [ 435
7.00 s 1.900 8270 . 628003 uz20 240 2 340 - - 0.0 900
_18400 133000 358,000  6,010.000 704704 1700 11,000 7200 130000 -~ - vIo . 11800
-— — — - m —— - = — - — -— —
13 780 6200  €30.000 eotie12 - - 58 1.200 - - - -
10 170 1.600 33,000 w0578 vo.10 2,100 U 1.200 - - uo.Ds 64
.10 as 3 37000 ot Uz0 v uo U - —  wos ulo
us.20 e 70 3000  aswess. voos uto ‘ute - 1@ - - ule  wo
060 %8 o70 37.000 47aiest vo.11 ute uso 180 - - ve.so 1.6
uto 340 2800 320000 844707 vo.1t ute uto 740 _ —_— u0se vie
uto 140 1300 150.000 53809 vo.22 uo . uw 1 - -  voss v
use 3 200 1.200 anss - - — = - - - -
yUro 746 460 11.000 382/516 Q?O v 10 160 — - -— -
23 56 -— 79 &8 -— -_— - e — — _— -—
uso 26 200 7 - - - -

1.400 40146 - -— -
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TABLE (V. (Continued)

1" 12 13 1* 15 16 7 8w 2 P2} 2 3 , I 1
smwmmea)a_ - Fish and Shalllish Tissve (ofkg wel waigh) Rocoiving Water (/L) B
Urban Bays . FishTisswe  CrabandBivakeTissus  Refersnce Nonreterence £
' ' o Detection (ATl Argas) (Al Avaas) Argas Areas 1
Poutant of Concem Min.  Median Percentie  Max.  Frowency W W~ “Wm M TWR W5 NR Vel i
HPAH Compounds 76 2,500 21,000 2200000 ei4my? 0 - - - 2,700 - - - - |
Frsoranthens uro 810 €300 1300000 esimie Uoitt v10 uso o0 - - s o f
Pyrene . Uto €30 . 5,100 740,000 os2/me us.re Uto 0.07 &0 -— - U0.50 U5 {”j
Benzisjanttracene vo 310 1900 300,000 620694 uo.22 uto u2 310 - - uvo uto ;
Chrysone uto 8o 2.7% 350,000 ezar01 vo.22 U1 v2 200 - - ws UK };
Total bonzofivoranthenos - 28 870 5.000 300,000 5710655 U110 u u2 30 - -— utd u1o B [
Benzoieipytene Uto 330 2600 100,000 5007839 vo.11 uso 32 240 - - uip uto 1
indenoi1.2,3-¢.dipyrene U0.60 160 1,500 40,000 oy u1o vle . Wws 2 - ~ - U0 . .utw }
Dibanzts hjanthwacene U050 s8 "s40 12,000 3670600 Uil . ue 28 58 - - uie uso {
Ban2oig.h Aperyiene vo.50 150 1,200 . 32,000 483018 - w0 vt 28 2t - —_ uto ute 1l
$-Methyiphonanthrene uto s W0 . 100.000 2260248 - - - - - - - -
2-Mnthytphenanthrene 22 83 110000 18213 - - - - - - - - *
3-Methylphonerhuene 13 e 87w 67,000 s .- - - ~ - - - - .
1,3-Dichiozobenzene uo.5 25 120 210 63522 v 530 v20 110 - -~ - .. R
1.4-Dichlorabenzone vo.s . 33 160 31.000 126/527 ue v v u20 - - — 21 ’ [[
Hexachiomobenzens 002 so - 1% 730 61576 ute » T v0s 1 - - — - “
Polychiarinated Dibenzohsans - - -— - -~  Looos  <o.190 @003 | <0.101 - ~ - - 5
Polychiorinsted Dibenzo-p-diass : 0008 <0023 vooos o84 - - - - i
2.3.7.6-Tetrachiorodionin (TCDD) 0002  U0.002 oo3 0080 —~ 10.0004 0005 U000 00086 . o~ ~—  uoow  uooto i[
PCBe » ' ‘ B i
Totat PCBe uLo 150 1300 26000 FLY Y _us 208 LI - - - - if]
- exnacustoConpord. , ;
N-tittocodiphenyiamine 020 28 3% 950 51357 uto 1o ‘v U - - U use
Methylethyl ketone _— — - -— —
Bici2~ethyihextiphihatato 80 50 210 21000 227488 o 210 U e - - - -
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TABLE V. (Continued) ‘ 7 : _ :

" 2 13 14 15 8 17 18 10 . 20" 21 2 23
Sedirmm(ccm!msdg Fish and Shelltich Tissue (/&g wet waight) Raceiving Water (g/L)
Usban Bays : ' Fish Tissve Crab and Bivalve Tissue fAstarence Nonreference
90th Detection © (Al Argas) {All Araas) Areas Areas
Pollutant of Concern Min, Median  Percentile Max. Froquency “Wam o NMaX T W W TBa, o Wax. TMin Mex
Pesticidos
At vo.10 7S - 90 3/ . w2 ue - vo2 u24 - -— voot  UOOY
Diakdeiny Uo.10 10 - 51 arees 0.28 u20 uo3 a0 - - UsS1  Uoot
4,4-D0D a0 6.0 45 180 8E/STO0 vos uso uo.t 057 - - usol Lot
4.4-DDE Wi 20 2 s 127/816 vos 410 vo. 72 - -~ w01 L0o
4.£-DDY U0.05 13 82 270 AGSES (3.5 ) 284358  U0.10.158 o118 -— - yo.o1 ugot
camma~-Hexschiorocyciohexane U0 19 - 10 Siee - U2 U0 w2 0.06 - - 00.01 Vo0t
Volstile Organic Compounds
Benzene vo 30 - - - o1 us us - - - - -~
Chiorolorm v0.10 10 - 18 snes uso uso - - - - u1o <0
Ethytbenzone 0.08 3 «© s0 17218 uso 4 - - - - uto 17
Totuene Vo5 80 - sS4 enas (11 7 - - - - - -~
Trichiorouthene s 23 —  19.000,000 o1t Uso Us0 - - - - m.o 'S
Tewachioraothone . 001 s 180 14.000,000 17185 uso 230 - - - - 070 140
Total xylenos 0.10 143 110 180 | 640 us.o 180 uso Us.0 -~ - - —
fonizable Organic Compounds
Phencle
Pwncl 0.80 130 ) 2,000 280555 uzo uso u20 ue - - 2.1
a-Methyiphenol vo30 180 1,500 100,000 212419 uz2e {17 y20 w20 - - -
Pentachicrophono U030 a 380 8.000 8751 usw U200 03 03 - -
Resin Ackle and Gusiacols ' .
2-Mathaxyphenal (guaisco?) vo.20 0 s 3900 ST - - - - - - - —-
1.2-Chintodehych cabistic sed 6 780 4,600 11,000 1928 - - - - - - - -
1.8-Chiorodetyydraabivtc acid a8 610 3.200 3,400 1028 - - - - - - - -
Dehydroabistic ecid 34 1,600 20.000 83.000 20130 - - - - - - - -
Dichiorodehydroabietic scid us? 600 - 710 S30 - -— - - - - - -
Chiorodehyaioabietic scid us7 - - - o - —_ - —_ - - - ~
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TABLE IV. (Continued)
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POLLUTANTS

3. DESCRIPTION OF POLLUTANTS OF CONCERN
"~ IN PUGET SOUND ~

_In this chapter, chemical characteristics, common uses, exposure routes,

health effects, sources, and environmental fate are discussed for each pollutant of
" concem in Puget Sound when that information is available. .Most of the informa-
tion provided is generally ava:dable from reports published by the Agency for
Toxic Substances and Disease Control Registry (a unit of the U.S. Public Health
Service), Howard ( 1989 1990), and Casarett and Doull (1986).

INORGANIC CHEMICALS

Descnpuons are provnded in this section for the 12 i 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 concem 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 1989a).

Amlmony'

Anumony is a natural element that.is found in over 100 mineral species.
Annmony 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 Rigsks—The greatest exposure to antimony for '

humans occurs in connection with selected occupations {e.g., mining, industrial
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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 smelting facilities
and municipal incinerators. However, environmental exposures from all media
appear to be minor sources of antimony for humans.

Allhough anumony is toxic to mammais, including humans, few epidemiolog-
ical studies of antimony have been conducted due to the lack of recognizable
public health problems associated with overall low levels of exposure to antimo-
ny. Limited information is available conccmmg toxicity to freshwater organisms,
but there is almost no information conceming lhe acute or chronic toxicity of
antimony to saltwater orgamsms

Sources and Fate —Antimony may enter 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 alloys, paints, lacquers, glazes, glass, and pottery and in the
_ production of organic chemicals are sources of antimony. Other sources include
~copper smelters, chloralkali plants, and smelter slag. The semxconductor 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 msoluble to fully’ soluble.
Inorganic antimony compounds may be only slightly water soluble or may
decompose in aqueous media. Certain compounds undergo hydrolysis or
oxidation and are not envnronmenmlly persistent. However, antimony associated

with smelter wastes in Puget Sound is expected to be hnghly perslstent (Tetra
Tech l985b l986c) R

Arsenic

Arsenic is a naturally occurring element not commonly found in its pure
state, Arsenic generally combines with one or more other elements. For
‘example. arsenic commonly combines with oxygen, chlorine, -or sulfur to form
the inorganic species, while arsenic can also coinbine with carbon and hydrogen
to form the organic species. Arsenic exists in a variety of chemical forms in
marine and estuarine ecosystems, including inorganic species, methylated forms,

- arseno-lipids (fats), arseno-sugars, and other biochemical forms. Data for total
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arsenic are difficult (o interpret in relation to effects 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., meta! smelting, 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 comaining arsenic;
drinking water and air provide lower amounts. - Although some arsenic may be
absorbed by the skin, skin absorption is a much less nmportant exposure foute -
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 concems from consumption of arsenic-conlaminated
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 times; ingestion of large doses causes death.
Ingestion of lower doses produces a variety of systemic effects. Animal studies
suggest fetal effecis, 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 develop into skin cancer. Although inhalation exposure causes much
milder systemic effects, there is growing concern over the threat of lung cancer,

: especmlly with occupational exposure.

Inorganic arsenic is a recognized human carcinogen. However, there are few
human studies of carcinogenicity and toxicity of arsenic that have included
different arsenic forms. An additional complicating factor is the limited wility

of animal studles as predictors of human effects because of the greater sensitivity
- to arsenic by humans. While there is evidence that exposure to low levels of

arsenic has beneficial 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 ug/day). This amount is normaily supplied in a human diet that does not.
include seafood, which may increase the daily intake to 200 ug/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 other 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 laxonomically
(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. iNo 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. Arsenic is also used as an alloy additive
10 lead and copper and in the manufacture of low-melting glasses. - Although
relatively small, use of arsenic in transformers is increasing. Consumer products
that once contained arsenic (e.g., paints, dyes, and rat ponsons) are no longer in
general use; therefore, exposure from these sources is mlmmal

A former copper smelter plam located in Tacoma may have contributed as
" much as 2§ percent of the total amount of anlhropogemc arsenic 'in the world

(Phillips 1990). ‘In the United States, arsenic trioxideiwas produced only at this.

smelter, which closed in January 1986. Although 90 percent of United States
surface waters contain less than 10 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 nntuml sourccs of arsenic (Crccehus 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 (o other media by wet or dry deposition; photolys:s

is not consxdered an lmponam fale process for arsemc compounds

Arsemc in surface water can undergo a complex pattem of transformations.
Arsenic is exttemely mobile in aquatic systems and, as a result, rivers are a major
source of arsenic to Puget Sound and oceans. Sorpuon to clays, iron o:udes.
. manganese compounds. and organic materials is an important fate of arsenic in
sutface 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, yeasts, algae, and bacteria, and, these forms may volatilize
and escape into the air. The rate of volatilization may vary considerably,
depending on soil condmons (aarobxc or anaerobxc), pH, and the presence or
absence of microbes,
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Plants may accumulate arsenic via root uptake from soil solution, and certain
species may accumulate substantial arsenic levels. Bioconcentration of arsenic
also occurs in aquatic organisms, primarily in algae and lower invericbrates.
However, biomagnification in aquatic food chains does not appear significant,
although some fish and invertebrates 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 is no evidence for increased accumulation of arsenic in Puget
Sound fish near industria) sources relative to reference conditions or for biomag-
nification of arsenic in the food chain (Ginn and Barrick 1988).

Cadmium.

Cadmium is a liaturally occurring element usvally encountered in combina-
tion with other elements such as oxygen, chlorine, 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-
tional exposure to cadmium, the primary exposure route is ingestion of food

‘containing cadmium. Contamination of topsoil through the application of
. phosphate fertilizers or sewage sludge 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 are 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 concem. However, cadmium is metabolized by humans

very slowly and even low doses can result in the accumulation of toxic levels if -

the cxposure continues for a long period of tims. 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 Féte-—Most cadmium in the United States is obtained as a by-

product from the smeling of zinc, lead, or copper ores. Cadmium is used
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primarily in metgl platmg and lhe manufacture of pxgmems. 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 fossil fuels (such as coal or oil) or the incincra-
tion of municipal waste materials.

Cadmium in the atmosphere is persistent and easily icspirable. It can be
transported to soil and water through wet or dry deposition. Cadmium in surface

waler is relatively mobile. Because cadmium exists only in the 2+ oxidation |
. state, aqueous cadmium is nrot 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 orgamsms. ghrough both food and

water. Cadmium accumulates in freshwater and marine orgamsms at concentra-
tions hundreds to thousands of limes higher than the concentrations found in
ambient water (Callahan et al. 1979). - Aquatic bioconcentration is greatest for
invertebrates such as molluscs and crustaceans (bioconcentration factors range up
to 250,000), followed by fish and aquatic plants. Bioconcentration factors may
range up to 1,000 for aqualic planis and up to 3,000 for fish (Callahan et al.
1979). Typical concentrations of cadmium in organisms from nonpolluted areas
range from 1 to 10 ug/kg in fish and from 100 1o 1,000 ug/kg in shellfish (U.S.

" EPA 1981; Casareit 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 is associated with smelter wastes in Commencement Bay
(Tetra Tech 1985b). ,

chromlum

Chromium is a tustrous metal found in crystal or ‘powder form. It is a
natural element occurring primarily as the mineral chromi(e Since 1961, all
chromium ores have been imported by the U.S rather than mined. Chromium is
widely distributed in the environment and occurs in four different oxidation states.
Only two of these forms, trivalent chromium [Cr (1II)]) 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 Risks —The primary routes of exposure to chromium
_ for humans are inhalation, ingestion, and dermal .contact. Although the general
public is continuously exposed to trace amounts of chromium, occupational
exposure i3 the major human health concern.

Chromium is an essential nutrient in irace amounts, but excess hexavalent
chromium causes kidney damage, birth defects, and genetic mutations in animals
and humans. The adverse health effects of excess (rivalent chromium are simitar,
but much higher concentrations are required to produce these effects (U.S. EPA
1986a). Therefore, analysis for total chromium in environmenta) samples may
not be sufficient to establish toxicity. It is not known whether trivalent.chromium

is a carcinogen. Although no data are available concerning the acute toxicity of

trivalent chromium to saltwater organisms, hexavalent chromium is highly toxic
to aquatic organisms, ' '

Sources and Fate —Chromium is widely used in électroplating 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 used as fill and sandblast grit. The two major
sources of hexavalent chromium are cooling towers and chrome plating wastes.
Although chromium has been detected in fish, water, and sediments throughout
Puget Sound (Table IV), data are lacking on the relative amounts of trivalent and
hexavalent chromium. However, most chromium in Puget Sound appears 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 material, hexavalent 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 levels, sediment

organic matter content, and physical properties of sediments,

~_ Copper

Copper is a melal 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 extensiveiy and is extremely malleable.
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Exposure Routes and Risks—Because copper is common in the environ-
ment, humans may be exposed lhrough inhalation, ingestion, and dermal contact.
However, exposure to humans is likely to be limited because copper binds
slrongly to dust and dirt or becomes embedded in other materials. Such copper
is not easily absorbed. Copper found in hazardous wasle sites is usua)ly in this
particulate form. Soluble copper: compounds used most commonly in agriculture
may pose a greater health concern because they may be taken up by plants and
animals or released into rivers and lakes. The risks from the transport of soluble
copper compounds to surface water and groundwater may be lessened because
they are rapidly adsorbed to particles.

Humans normally consume approximately 1 mg of copper per day. Although
a large single dose of copper may cause kidney and liver damage or death, the
body has effective me:hanisms for blocking the entry of excess copper. Infants»
and small children are more sensitive to copper than adults, although there is no
evidence regarding human reproductive or fetal effects from excessive exposure
to copper. Copper is not a known carcinogen based on animal studies to date.
There is little information regarding copper toxicity in humans, and the effects
of inhalation and dermal contact have not been well studied. However, copper
can be highly toxic to aquatic organisms at concentrations that are only somewhat
higher than nutritional doses. Because copper is highly toxic to marine plants,
copper-containing paints and preservatives have been wndely used to control atgal -
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 diseases such as mildew. Other .
uses include water treatment (as an algicide) and preservative treatments for
wood, leather, and fabrics. Consequently, copper may be fourd in the effluents

. of mdustnes associated with those uses.

Several processes determine the fate of copper in water including sorptlon.

~ complex formation, and bioaccumulation. In addition, 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 bioaccumulalion of copper
by Puget Sound fish relativo to levels of sediment contamination in some areas
of the sound is consistent with the considerable ability of marine fish to regulate
levels of most motals in muscle tissue (Ginn and Barrick 1988).
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Cyanides

Cyamdes are a diverse group of organic and inorganic compounds. Hydro-
- gen cyanide is the best known and most toxic of the cyanides. It occurs rarely
in nature and is usuaily prepated ‘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.

Exposure Routes and Risks —Cyanide is readily absorbed by humans

through the skin and all mucous membranes. Inhalation is also an exposure -

route, although alkali salts 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 (o even small amounts of sodium or potassium
cyanide, depending on the exposure route. Death i 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 o
be the dominant processes affecting aquatic cyanide. Cyanides are sorbed by
organic materials and, to a lesser extent, clay minerals. Hydrogen cyamde is not
strongly partitioned into benthic or suspended sediments, primarily due to its high
water solubxllty However, the simple metal eyanides are insoluble and probably
accumulate in sediments. Complex melal 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. Iron cyanides do
not release cyanide without exposure to ultraviolet light; thus, sunfight can cause
mobilization of cyanide in water containing iron cyanides.

There is litile potential for bioaccumulation of cyanides; hydrogen cyanide
is cither metabolized or is fatal to organisms, Metal cyanides are less toxic 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 occurring 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, hnghly malleable, ductile, 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 contribution to the toxic effects of lead i in
humans.

Exposure to lead has been linked to a wide range of cffects in humans,

including newrological disorders and impairment of blood synthesis. Considerable
research has been conducted on lead tevels in human tissues and on correlations
between levels of lead in children and impaired intellectual development. Certain
lead compounds (i.c., lead acetate and tead sulfate) have been designated probable
human carcinogens by U.S. EPA (1990c) based on animal tests.

Little research has been conducted on the effects of lead on aquatic organ-
isms, particularly marine organisms. Acute loxxcny to lead has been documented
for 13 saltwater specics 'at concentrations in water that range from 315 to
27,000 ppb (U.S. EPA 1986a). Chronic effects have been documented for

‘my31ds and some species of macroalgae. In addmon lead can suppress reproduc-

tion in manne polychaetes.

Sources and Fate —The primary sources of lead to the environment include
discarded battenes. leaded gasoline spills or leaks, motor vehicle emnssnons,
pamts, inks, dyes, and the cmissions 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
can be as much as 10 times higher than those found in reference areas of Puget
Sound and, in isolated cases, may be.as much as 1,000 times higher (Tetra Tech
1985b, Beller et al, 1988, Pastorok et al. 1988).

The fate of lead is influenced by the particular oxidation state [i.e., Pb (0),
Pb (II), or Pb (IV)]. Lead exists 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-
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isms can methylate inorganic lead to form a more volatile and toxic form.
Bioaccumulation 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 naturally 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 (e.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 |
ug/g in tissue) (U.S. EPA 1984c). Therefore, otherwise low levels of mercury
contamination in.oceans and lakes can lead 10 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 heatih-related,
chemical, metallurgical, efectrical, automotive, and building 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. Inhaled 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 exposure
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 monalny. reduced growth and rcproducuon and -
-~ skeletal 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 metcury 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

atmosphenc mercury in the ocean (approxrmately 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 aciivities are
estimated at 2,000-10,000 metric tons per year, mostly from the mining and
smelting of mercu?y 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 combustion is the largest source.

Weathering of mercury-bearing minerals in rocks releases approxirrrately 800

metric 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, mk paper, pharmaceuticals,

and textiles.’ Mercury was used in marine paint to control mildew and bamnacles
before the 1970s, comnbuung to contamination of sediment near marinas and ship
repair facilities. Mercury is released to cultwated soils through the direct
application of inorganic and organic fertilizers (e.g:, sewage sludge and compost),

lime, and fungicides. Additional releases occur through the disposal of industrial

and domestlc products (e.g., thermometers, electrical switches, batteries) as solid
‘wastes in landfills. In Puget Sound, 2 major historical source of mercury has

“been a chloralkalr plant in Bellingham (Bothner 1973),

- The global cycling of mercury is characrenzed by degassmg 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 metric tons.
Mercury-is removed from the atmosphere through wet and dry deposition and by

the sorption of mercury vapor to soil and surface waters. Transport and '

partitioning of mercury in surface waters and soils is a function. of the particular
form of mercury. Volatile forms evaporate to the atmosphere, while solid forms
partition to sediments or suspended sediments or are transported in the water
column, depending on solubility. Nonvolaile forms of mercury sorb 1o soil and
sediment, * Bacteria common to most waters are capable of converung virtually
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| any mercury compound to " ic methyl mercury, which has significance in

bioaccumulation.

Nlckal

Nlcke! is a natural element that forms compounds with sulfur and oxygen.

Nickel is silvery-white, hard, mallcable, ductile, somewhat ferromagnetic, and -

a fair conductor of heat and electricity. The commonly occurring oxidation states
of nickel are Ni (0), Ni (T), and Ni (I11). 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 uglday 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. However, 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 Teported in

studies of aquatic orgarilsms exposed to high levels of nicke}, Nickel is apparent-

ly quite toxic to freshwater algae at concentrations of approximately 50 ug/L;
acute toxicity to saltwater species may occur as low as 150 ygIL (e.g., _|uvemle
mysid) (U.S. EPA 1986a).

Sources and Fate—Nickel occurs natumlly and enters the environment |
through natural weathering processes. Nickel is also released as industrial

effluent or as atmospheric emissions from its use in electroplating, in metallic

alloys. as a catalyst for various organic processes, in batteries, and in enamels,

ceramics, and glass. Nickel is widely used to produce stainless stee), coins,
nickel steel for armor plate. and as a catalyst for hydrogenatmg vegetable oils.
Nickel has also been found in the effluents of copper smelters, chioratkali plams.
pulp mills, and dry-cleaning facilities.
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Nickel has been found at somewhat élevated concentrations in some sedi-
ments from nonreference areas of Puget Sound ('l'able IV) However, the mean
concentration of nickel is virtually identical in reference and nonreference areas
of the sound, suggesting a predommamly natural source.

‘Nicke! can be exlremely mobile in aquatic 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. Photolysls and volatil-
ization are not important fate processes for nickel. Although nickel is bioaccumu- -
lated, the bioconcentration factors suggest that partitioning into biota is not an
|mponant fate process,

~ Silver -
Silver is an element that occurs naturally as a soft metal. A common
‘ anlhropogemc source of silver is the disposal of photographic wastes in mumclpal
wastewater treaiment systems, Silver from photographic processes is usually
released as soluble silver thiosulfate, which is converted to insoluble forms during
wastewater treatment. Environmentally important forms of silver include silver
nitrate and silver sulﬁde. which are the forms usually fmmd at hazardous waste
sites. ‘

. Exposure Routes and Risks —In the aquatic environment, silver is one of
the most toxic metals 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,
= o _ and pllolography - Silver may also enter the body by inhalation or dermal contact;
£ v _however, these are much less important routes of exposure to silver than
ingestion. Most of the silver that is consumed or mhaled leaves the body within
1 week. Little information is available about the fate of sitver in the body
" resulting from dermal comact.

. _ Greylng of the skin and olher body tissues ls a well-known and permanent

. result of long-term exposure (o silver compounds. Generally, 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 slomach pam ‘Dermal
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exposure has caused mild allergic reactions in some pebple. Higher occupational
exposures may cause¢ kidney problems, but existing studies are inconclusive.
There are no other reported health effects of silver exposure.

Sources 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 snlver-
bearing rocks and soﬂ

Other nmponant 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. 1t is
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 a moderate
extent in fish and invertebrates. There appears to be little potential for silver
biomagnification in tested aquatic food chains (Callahan et al. 1979).

Zinc

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,

zinc is used in its pure form, as an alloy with other metals, and in compounds
with chemmls

Exposura Routea and Risks —Zinc enters the body easily through ingestion
and inhalation.” Dermal absotption is a relatively small exposure route for zinc,
Most zinc not needed by the body is excreted. Higher than average exposure to
zinc can occur from drinking water that has been stored in galvanized metal
containers, from sources contaminated with industrial zinc wastes, and from the
air at galvanizing, smelting, welding, or brass foundry operations. Higher levels
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of exposure can a!so result from use of dxetary supplemems and by injection of
certain drugs {e.g., msulm) that contain zinc salts.

Gastromwslmal problems can occur afler. ingestion of ¢ excess zmc. 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 zinc may cause metal fume fever, a lemporary
syndrome Zinc is not known to cause cancer or birth defects. Insufficient levels
of zinc have also been associated with adverse health effects. Slgmﬁcam

decreases in reproduction and growth have been reponed in fathead minnows, -

guppies, and polychaetes after exposure (o zmc

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 chemical extractions and reductions. Zinc chloride
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 o 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
account 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 corrosion and tire abrasion also contribute to urban runoff. Industries that
directly discharge zinc (o water include iron and steel, zinc smelting, plastics, and

electroplating. Mumclpal wastewaters are major comﬂbutors of zinc in estuarine
. environments. '

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, clay minerals, and organic
material. The tendency of zinc to be adsorbed is affected by the nature 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 bioaccumutlated by all organisms, zinc probably does not biomagnify in
the food chain (Callahan et al. 1979; Ginn and Barrick 1988). ‘
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ORGANOTINS -

Use of organotins (including methyltins, 'bulyhins. and cthyltins) as the active

biocide in antifouling paints for ships and marine structures has increased
dramatically over the past two decades. Organotins, especially tributyltin (TBT),

have been largeted for environmental concern. In 1988, Congress passed the

Organotin Antifouling Paint Control Act to 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 organolins
is from leaching of paint into ambient water, where the organotins are adsorbed
to suspended or benthic sediments. Organotins are bioaccumulated by aquatic
organisms exposed to contaminated sediments, but no aclion levels or other
maximum acceptable concentration in tissue has been established.

Organotins are very toxic to marine organisms and TBT is the most toxic of
the organolins. TBT is acutely toxic, by design, to aquatic life at concentrations
exceeding 0.5 ug/L, with acuté lethal concentrations reported for embryo, larval,
and post-larval clams, mussels, and oysters at concentrations of approximately

10.6—4.0 pg/L (Center for Lake Superior Environmental Studies 1988). TBT

bioconcentration 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—Because of their use in antifouling paints, primary
sources of organotins are marinas, small boat harbors, vessel repair facilities, and
berthing areas. Organotins have been used as agricultural fungicides to controt
plant diseases, as insecticides, and 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. Photolysis and biological degrada-
tion act to modify TBT in water. The adsorption of TBT to suspended particulate
material and sediments results in TBT concentrations that are approximately 3
orders of magnitude higher than those found in water,

Among pathways available for degrading TBT in water, aerobic metabolism
appears the most imporiant, 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 depraded by progressive debutylation 1o dibutyhin,
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monobutyltin, and inorganic tin (Center for Lake Superior Environmental Studies
1988). The imermedia!e products appear.to be less toxic than, TBT

The metabolism of TBT in aquatic llfe and humans appears only sllghtly
slower than microbial metabolism. TBT is bioconcentrated by fish and inverte-
brates to approximately 3,000 limes the ambient walter concentration. The
contribution of dietary accumulation to the total 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 to resolve many remammg quesnons of

_ the environmental effects and fate of organolins.

NONIDNIC ORGANIC COMPOUNDS AROMATIC HYDROCARBONS

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

Polycyclic Aromatic Hydrocarbod Compounds

PAH compouhds are a group of chemicals formed most comh\only 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 concentration in these combustion products. LPAH compounds (Bor

fewer aromatic rings) tend to be found in hlgh 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. In Puget Sound, major sources of PAH com-

‘ pounds to Puget Sound include industrial and municipal discharges, mining and

crosion 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 uscs 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 dlslingmshed in this discussion. Information for individual PAH

compounds is included in Appendix A, primarily because of differing degrees of
toxicity and perslslence LPAR compounds include acenaphthene, acenaph-
thylene, anthracenc, fluorene, and phenanthrene. HPAH compounds include
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fluoranthene, pyrene; benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluor-
anthene, benzo(g,h,i)pyrene, benzo(a)pyrene, chryscne. dibenz(a,h)anthracene,
and indeno(1,2,3- cd)pyrene

Exposure Routes and Risks—Because PAH compounds are found
throughout the environment, humans may be exposed to PAH ¢ompounds by
inhalation, ingestion, and dermal contact. Inhalanon is by far the most common
exposure route.

Although PAH compounds may have similar toxicological effects and
environmental fates, the health effects of individual PAH compounds are not
identical. Reliable health-based studies exist only for a few compounds; patential
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(X)fluoranthene, chrysene, dibenz(a,h)anthracene, 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 emissions, roofing-tar emissions, and cigarette smoke. Because each of
these sources containg various mixtures of individual PAH compounds as well as
other potentially carcinogenic chemicals, the contribution of any individual PAH
to the total carcinogenicity of these mixtures in humans has not been evaluated.
* Despite these limitations, the studies 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 pnmary source of PAH compounds in the air is
the burning of wood and fuel for residential heating. Other 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 waste
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
reatment faciliies. Most nonreference area sediments in Puget Sound have
significantly elevated PAH levels compared with reference areas (Table 1V).
Sources of PAH compounds in the marine environment include wood treaiment
facilities, docks and pilings, coal incineration and handling facilities, pulp mills,
organic chemical plants (e.g., manufacture 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, phoiooxidi'ze. biodegrade, .

adsorb to sediments, or bioaccumulate in aquatic organisms (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-

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 to low
or high molecular weight, PAH compounds within each weight classification
generallv share similar environmental fates. Transport and partitioning character-
istics are 21so roughly correlated to molecular weights of PAH compounds, in

. degrade or bioaccumulate in plants, and they may also enter groundwater and be

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. '

Mothylnaphthalenes and Mathylphananthrenes

Mothylnaphthalenes are alkylated forms of nnphlhalene and are generally
found with other PAH compounds. Methylphenanthrenes are analogous forms of
phenamhrenes. 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 oil and coal

‘(Barrick 1982; Barrick et al. 1984). Because of their similarities in chemical
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structure and spatial distribution, they have similar or identical sources, effects,
and fates as those described in the section on PAH compounds.

NONIONIC ORGANIC COMPOUNDS - CHLORINA‘TED AROMATIC
HYDROCARBONS

In the next sectiohs. characteristics are described for the most common

chlorinated benzenes, polychlorinated dibenzofurans and dibenzodioxins, and '
PCBs, which are all dil‘ferem types of chlorinated aromatic hydrocarbons. e

Dichlorobanzenes

Dichlorobenzenes -are amhropogenically produced chemicals that are not _
known to occur naturally They exist primarily in the vapor state and are T
ubiquitous in the énvironment. In general, lhey have low water solubilities and

" low flammabilities and are chemically unreactive. .

Exposure Routes and Risks—The general population is exposed lo
dichlorobenzenes through the consumption of contaminated drinking water and S I
food (parucu!arly fish; although dichlorobenzenes bioaccumulate to only low ppb T
levels in fish) and through inhalation of contaminated air. Data suggest 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, s

After absorption by the body, dichlorobenzenes are rapidly distributed to fat,
liver, lung, heart, brain, and muscle tissue. These chemicals are eliminated from
the body within 5-6 days. Epidemiological studies are insufficient to characterize N
human effects of exposure to dichlorobenzenes. Studies of acute and chronic B
toxicity of dichlorobenzene isomers indicate that the compounds have similar 3
target organs and effects, There is no evidence that dichlorobenzenes are ‘ 3 :
carcinogens. : - T

g v

Sources and Fata-Dichlorobenzenes are used in a number of organic
chemical syntheses and in solvents, elecirical equipment insulators, pesticides,
herbicides, and fungicides. Chemical waste dump leachates and direct manufac-
turing effluents are the major sources of dichlorobenzenes.
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Sorption, bioaccumulation, and volatilization are expected to be compeling
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 to the low water solubility.
Dichlorobenzenes 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 teaching occurs. Experimental 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 bioaccumulation occurs in both animals and humans and that
dichlorobenzenes are biologically persistent. Volatilization from; soil surfaces
may be an important fate process. Diclilorobenzenes may be slow'ly biodegraded
in soil under aerobic conditions. Chemical transformation by hydrolysis,
oxidation, or direct photolysis is not an importar . fate process.

Hexachlorobenzene

~ Hexachlorobenzene (HCBY) is a solid white crystalline compound, formed as
a by-product during the manufacture of chemicals used as solvents, other
chlorine-containing compounds, and pesticides. HCB is the most persistent of the
chlorinated benzenes in the environment, It has & half-life ranging from 3 to 6
years in soil and approximately 30 days in water in one test (ATSDR 1990a;
Tabak et al. 1981). HCB is not very water soluble and sorbs strongly to sedi-
ments. 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
pesticide was voluntarily canceled.

Exposure Routas and Risks —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 s absorbed if it is consumed in combination with fat
or oll, '

- HCB is rapidly transported 10 lissues in the body after 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 reported in humans following digestion of HCB. There is also
evidence that HCB is ioxic 1o 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 importation 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 are 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), aluminum, graphite electrodes,
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 bioaccumulates 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 is 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. Isensee et al.
(1976) did not report any degradation in soils after 1 yr of incubation under either .
aerobic or anaerobic conditions; however, Fathepure et al. (1988) have more
recently reported anaerobic microbial dechlorination of such highly chlorinated
aromatic compounds. ’

Polychlorinated D!benzofurans
Polychlorinafed dibenzofurans (PCDFs) are members of a group of wide-
spread and environmentally stable halogenated tricyclic aromatic hydsocarbons.

PCDFs are not intentionally produced, but rather enter the environment as trace
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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 po!ychlonnatcd dibenzo-p-
_dioxins (PCDDs), with similar signs and symptoms of toxlcuy Public concemn
over PCDFs is related largely to their prevalence in the environment and to their

- similarities to PCDDs. rather than to reponed health effects.

Exposure Routes 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 loxic to ‘animals and humans in

“acute concentrations, resulung in retarded growth, birth defects, liver damage,
~and skin lesions. Data on long-term exposure to PCDFs are' not avmlable
PCDFs are not known carcinogens.

1

Sources and Fate—PCDFs enter the environment as contaminants in a ’
number of chemical products, including herbicides, polychlorinated . phenols,
HCB, PCBs, and thermal insulation materials. PCDFs are also formed from the
- combustion of chlorinatéd 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, turtle, and human fat tissue. PCDFs are generally quite:
soluble in organic solvents, but water solubility decreases with chlorination.

Paolychlorinated leenzo-p -dioxing

PCDDs [mcludmg 2,3,7,8-tetrachlorodibenzo- p-dnoxm (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 form 75
different congeners of chlonnatcd dioxins, Dioxins are fairly stable in the
presence of heat. acids, and alkalies. 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. -
by-products of the manufacture of chlorophicnols and their derivatives, including
chlorophenoxy herbicides, germicides, and wood preservatives. The production
. and use of 2,4,5-richlorophenoxyacetic acid and 2,4 ,S-trichloropheno!l as
defoliants has been & major source of PCDDs Although lhxs producuon was
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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 fisks —Consumers may be exposed through S
~ ingestion of contaminated food (e.g., fish, cow's milk), inhalation of contaminat- Lo
“ed dust or air, or dermal contact with contaniinated plants, wood, and paper SR
products, Apart from certain industrial effluents and leachates from chemical S
- ‘dump sites, no 2,3,7,8-TCDD has ever been reported in drinking water. S
Therefore, it is expected that exposure through consumption of drinking water is
negligible. In mammals, 2,3,7,8-TCDD is readily absorbed through the gastroin-
testinal tract. Although exposure from dermal contact and inhalation has also
been reported, it has been predicied 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 ' T
and paper mills, at certain hazardous waste sites, at municipal and industrial s
incinerators, and at chlorophenol production facilities. Accidental releases may oo
occur through transformer fires. ‘ R

Some PCDDs (including 2,3,7,8-TCDD) are among the most toxic com- c
pounds known. PCDDs have been proven toxic to unborn animals, and they -
reduce fertility in some species. Although 2,3,7,8-TCDD is highly toxic to all I
species- that have been tested, there are large differences in sensitivity among ‘ N
species. Health effects similar to those caused by exposure to 2,3,7,8-TCDD are Lo
expected for other PCDDs, although higher doses are required. The symptoms
of toxicity in humans after expasure to 2,3,7,8-TCDD include altered liver
function and fat metabolism, pathologic changes in the blood, and skin lesions. S5
Some of these symptoms may be attributed to other chemicals of which PCDDs o
: ‘ are minor contaminants. Based on animal sudies, EPA (1990c) has determined '
: that 2,3,7,8-TCDD is a probable human carcinogen.

Sources and Fate—~The primary sources of PCDD contamination are
associated with the industrial manufacture of chlorophenols and their derivatives
and with the subsequent disposal of wastes from these industries. Municipal . 4
incineration facilities.may also emit PCDDs. The data do not indlcate the relative TS
: importance of these sources in contributing to environmental emissions. Current o
t L data indicate that the maximum levels of PCDDs are likely to be found in soil and
4 _ drainage sediment samples near chlorophenol manufacturing facilities and chemi- TN
: ' cal waste disposa) sites. There are few studies of atmospheric PCDD levels. In .
the United States, the highest PCDD levels have been reported at hazardous waste ST
sites and In fish and wildlife tissue from areas contammated with 2,3,7,8-TCDD
(Syracuse Research Corporation 1989).
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PCDDs are persistent contaminanis that are not likely to undergo chemical

“or biological transformation in air, water, or soil. The role of. phot'ochemical

transformation in determining the fate of these chemicals in various ambient
media is unknown, but PCDDs are susceptible to pholochemical reactions in the

. presence of organic acids. In water, a substantial proportion of PCDDs may be
_present sorbed to sediments or in biota. Almough very persistent, 2,3,7,8-TCDD

may be removed from water through volatilization and photolysis. In air, PCDDs
are expected to be present as a vapor and sorbed to particles. PCDDs in soils arc
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

aquatic organisms range from 2,000 to 39,000 (U.S. EPA 1985c; Syracuse
Research Corporation 1989), with EPA’s best esumate estabhshed at 5,000 (U.S.
EPA 1985¢). - o

PCBs are envuonmemally persnstent 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 sonietimes be identified in’ the environment.

However, the compounds do not all degmde at the same rate, confounding
attempis to identify original sources of contamination,

Exposura Routes and Risks —PCBs enter 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 comaminated drinking

: water is minimat.

Allhough the effects of PCBs 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
irritations such as acnelike lesions and rashes can oceur in PCB- -exposed workers.
PCBs are also classified by U.S, EPA (1990¢c) as probable human carcinogens.
The sublethal toxic effects of PCBs are well documented: for phytoplankton.
mammals, and birds (Casarett and Doull 1986).
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Sources 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,
pesucldes. 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 1985b; 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. ‘

- PCBs are relatively insoluble in water compared with many other organic
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 attributed to PCBs. There is ample
evidence that PCBs bioaccumulate in the food chain; the degree of bicaccumula-
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
degree of chlorination affects metabolism, bioconcentration, degradation, adsorp-
tion, and volatilization of PCBs. Generally, metabolization, degradation, and
volatilization decrease with chlorination, 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 slow process.

NONIONIC ORGANIC COMPOUNDS — MISCELLANEOUS EXTRACTABLE

~ COMPOUNDS

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. These compounds include N-nitrosodiphenylamine, MEK,
bis(2-ethylhexyl)phthalate, hexachlorobutadiene, and dibenzofuran.
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-N-Nitrosodiphanylamine

N-Nitrosodiphenylamine is an EPA-designated priority pollutant from the
class of chemicals known as nitrosamines. It may occur naturally during the
metabolism of nitrates and amines. There is litlle publlshed information on this
chemical, and relatwely little is known of its aquauc 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 sccondary source: Although there 'is sufficient evidence of carcinogenicity

. in animals, N-nitrosodiphenylamine has only a suspected human carcinogen.

T . Lo Sources and Fate —N- Nurosodlphenylamme is used in the vulcanization of
- rubber, as a chemical intermediate in the producnon of dyes and pharmaceuticals,
and as an antioxidant, ‘N-Nitrosodiphenylamine is more stable than most nitro- .
samines, but it is sensitive to light and undergoes photolytic degradauon When
heated to decomposition, it emits toxic fumes of nitrogen oxides. Photolytic
‘ degradation and sorption to sediment appear to be the most important fate
g b _ - processes.. It is also possible that intestinal microflora of venebrates can both
' o synthesize and degrade N-mt.rosodxphenylaxmnc in the environment (Callahan et
al, 1979).

i
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Mathylethyl Ketone

MEK, also known as 2-butanone, is used as a solvent in lacquers, adhesives,
rubber cements, inks, paint removers, and cleaning solutlons MEK is also
~ present in vehicle exhaust. :

ol

Expoaure Routes and Rlsks-—Primary human exposure foutes include
inhalation of contaminated workroom 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 iwastewater 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 emuted from automo-
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“biles and other industrial sources. MEK may be a natural component of cenain

" foods. MEK Is removed from water generally by evaporation or slow biodegra-

dation. It wiil not hydrolyze under normal conditions. Although it will not -
. indirectly photooxidize in surface waters, it may be subject to direct photolysis.

- It 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 slow biodegradation in both soil and groundwater,
MEK exists primarily in the gas phase in the atmosphere and will photodegrade
at a moderate rate or will be removed by rain. '

Bis{2-athyl)hexylphthalate

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

"~ Exposura Routes and Risks—Exposure to bis(2-ethylyhexylphthalate
~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-ethyDhexylphthalate. Although occupational exposure during the
production of plastics is the source of the greatest concentrations of bis(2-
ethyDhexylphthalate, 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 these 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 reproduciive effects in aquatic organisms exposed to low
concentrations of bis(2-ethyl)hexylphthalate (Casarett and Doull 1986).

Sources and Fate —Bis(2-ethy))hexylphthalate is widely distributed in the
environment as a result of its use as a plasticizer. Disposal of plastic products
in landfills, as well as incineration, releases bis(2-ethylyhexylphthatate into the
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* environment. Other sources are the treated wastewater from coal mining opera- -

tions, aluminum forming, foundries, and water-based ink and dye manufacturing -
facilities. In 1980, hree firms were reported to be producing bis(2-

3 ethyl)hexylphthalate in the United States (USITC 1981).

Bxs(2-ethyl)hexylphlhalaw biodegrades in water and has been shown to
bioconcentrate in aquatic organisms. ‘Bis(2-ethyl)hexylphthalate 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-ethyl)hexylphthalate. Atmospheric bis(2-ethyl)hexylphthalate will
be carried long distances and may be retumed to soil by wet deposition. Bis(2-

- ethyDhexylphthalate in soil neither evaporates nor leaches into groundwater. It -

may biodcgrade under aerobic conditions. It is unknown whether photolysis or

.photooxidation are important atmospheric processes.

Hexachlorobutadiens

Hexachlorobutadiene (HCBD) is used in the chemical uidustry as a solvent
for natural and synthetic rubber and other polymers, as well as in heat transfer
liquid, transformer liquid, and hydraullc fluid. HCBD is a by-product of the

~ manufacture of tetrachloroethene, trichloroethene, and tetirachloromethane.

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 studies exist for freshwater organisms, no data are available
concemning the chronic toxicity of HCBD or any other chlorinated butadienes to
sattwater aquatic life. Acute toxicity may occur as low as 32 iug/L (EPA {984c).

There are also very few data available reporting 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 Hyle*2s Waterway in Commence-
ment Bay (Tetra Tech 1985b), and was also found in elevated concentrations in
some fish tissue samples from the same area, Historical discharges from
chemical manufacturing plants along the waterway are probable sources of this
contaminant.

76




DESCRIPTIONS OF
POLLUTANTS

HCBD is expected to evaporate mpxdly 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 volaiilize
rapidly from water and has a 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 o 4. 28) (Callahan et al. 1979; Veuh et al
1979)

Dibenzofuran

~ Little information has been. published about the sources, effects 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 sediments 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
organisms. The environmental distribution of dibenzofuran in Puget Sound is
correlated with that of LPAH compounds, mdxcaung that dibenzofuran and
aromatic hydrocarbons have similar sources in the sound (Tetra Tech 1985b;
Barrick et al., 1988).

NONIONIC ORGANIC COMPOUNDS — PESTICIDES

In this seciion, 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 concern in
Puget Sound are described in detail in PSEP (1988). Three of these pesticides
of potential concern (diazinon, diuron, and endosulfan I) have -recently been
recommended for routine monitoring in Puget Sound (PSEP 1991) but were
identified after 1ables for this report had been completed (sei: additional discussion
in the Selecrion of the Pollutants of Concem section of Chapter 1).

Aldrin and Dileldrin

Aldrin and dieldrin are two closely-related chemicals that are used primarily
a3 insecticides. Because of (heir chemical and toxicological similarities, they are
considered together by regulatory bodies. Aldrin has been used as a soil

insecticide to control root worms, bectles, 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 Routes and Rigks —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 apricultural 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 the 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. Brief
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 1990c).

-Sousces and Fate—Although the chemicals were banned in 1975 for
general agricultural use, they were available afler 1975 to control term’ s and for
mothproofing. However, even these uses have been prohibited or voluntarily

. discontinued. There should be no new sources of the chemicals, although

emissions may result from treated wood and from new applications of old stocks.

Maost of the aldrin and dieldrin levels recorded for Puget Sound air, water, and

soil were reported pnor to 1976 and may be overestimated (Tetra Tech 1985b).

Aldrin is readﬂy converted to dieldrin in all media. Dieldrin is faxrly
persistent and is resistant to biodegradation. Dietdrin readily bioaccumulates and
biomagnifies through the food chain. Rapid volatilization is the principal removal
mechanism of aldrin ‘from soil and water. Dieldrin sorbs tightly to soil and
sediment and volatilizes more slowly. Although surface runoff of dieldrin is a
major pathway of loss from treated soil, leaching from soil to groundwater
appears minimal,
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DDT, DDE, and bDD

DDT is primarily composed of three compounds that are white, crysialline,
tasteless, and almost odorless solids. DDT does not occur naturally, It has been
one of the most widely used insecticides. DDE and DDD are breakdown
products of DDT and also occur as contaminants of technical grade DDT. DDT

was banned from general agricultural use in the United States in 1972, but it is
still 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 cerain conditions, DDT, DDE, and DDD may remain
in soil for long periods of time and be transferred to crops grown 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 ug per day (Gartrell et al. 1986). Other
primary sources of exposurc may be through occupational involvement at
hazardous waste sites.

DDT, DDD, and DDE are stored most readily in fat tissues and arc
eliminated very slowly. Breast-fed children are a group at spcclal risk because
DDT in maternal milk is found in higher concentrations than in cow's milk or
other food. DDT has reportedly caused rashes and irritation of the eyes, nose,
and throat. Acute exposure at high doses primarily affects the nervous system.
In addition, syncrgistic and antagonistic effects of DDT have been shown in
animal tests. DDT administered to animals along with known carcinogens
resulted in both greater and lesser tumor production than when the carcinogens
were lested without DDT. Although no studies exist that indicate a definite link

between DDT and tumors in animals by the inhalation route, or with tumors in

humans by either the inhalation or ingestion route, U.S. EPA (1990c) has
classified the compounds as probable human carcinogens.

Sources 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 arg still found in virtually all air, water, and soil samples. Levels
in most air and water samples are low, and exposure by these pathways is not of
great concern, New releases 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 DDT via fugitive or noncontrolled emissions. Studies of peat lands located in
the middle latitudes of the United States indicate that there are continuing sources
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of the compounds; the cause has been attributed 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, ,

Atmospheric 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 slightly
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. It is estimated that’
DDT evaporates from water within SO hours. Laboratory studies of the air/water
partition coefficient of DDE indicate that it vofatilizes from marine water 10 to
20 times faster than from fresh water (Atlas et al. 1982). DDT, DDE, and DDD
are highly fat-soluble compounds with long hatf-lives, resulling in bicaccumu-
lation and biomagnification that increase with advances up the food chain,

A survey of nine localities conducted during times of hlgh usage of DDT
showed DDT detected in all localities at levels ranging from | ng/m? of air to
2,520 ng/m? (Stanley et al. 1971). Present levels are expected to be significantly
lower. 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 (Crockett et al. 1974).

y-Hexachlorocyclohexane

HCH isomers were developed in 1942 as simple and effective pesticides. Of
its isomers, 4-HCH is the most effective and is marketed as lindane. y-HCH is
used primarily as a pésticidal treaiment for wood, as a seed treatment, and as a
fumigant. It has not been produced commercially in the United States since 1983;
however, it is still imported and distributed domestically. In Puget Sound, v-

" 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.

Exposufe Routss and Risks —The primary routes of human eprsurc 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 y-HCH concentrations in the range of 5-28 ug/L
for marine shrimp and killifish (PSEP 1988).

Sources and Fate—+y-HCH is present in agricultural runoff from areas
where pesticides were used that contained y-HCH. ~ Other sources are the
effluents of industries using y-HCH, such as wood and seed treatment plants.
y-HCH has been found infrequently in surface sediments in Everett 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 4-HCH in the Puget'Sound basin has been
estimated to range from 0 to 1,300 pounds/year. Tolal use in the Puget Sound
basin is estimated to be 2,640 pounds/year.

v-HCH is environmentally persistent. The fate of y-HCH in aquatic systems
is determined by its bioavailability to transformation processes. Although
sorption to suspended sediment and biota is not extcnsive, sorption is probably
an important process for transporting v-HCH to anaerobic sediments where
transformations occur. Hydrolysis, oxidation, and photolysis are not lmponant
processes in aquatic envxronments However, bioaccumulation occurs in aquatic
orgamsms

VOLATILE NONIONIG.ORGANIC COMPOUNDS

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

Bsnzensa

" 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 cyclohexane), 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. paim strippers, some art produzts,
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-—Occupauonal exposure accounts for the
highest levels of benzene found in humans, particularly in rubber. manufacturing
facilities, oil refineries; and chemical plants and at gasolmc 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 vehicle exhaust. Small amounts of benzene may
also be found in some foods and in contaminated dtinking wnter | Dermal &xpo-
sure is possible through comact with benzene-containing producls (e.g., gasoline).

Benzene is harmful to human health, allhough 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 ¢ 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

S o subsequent death of wurkers exposed for periods from 5 to 30 years, | Long-term

exposure to benzenc may affect normal blood production, possibly resultmg in

severe anemia and internal bleeding. Overwhelming evidence exists that benzene

is 8 human wcmogen Human and animal studies also indicate that benzene is

i C , - "“harmful to the immune system and has been linked with: geneuc changes.

: . Reproductive effects have been reported in animal studics, although human

i - © " studies have been too limited to form a clear link with benzene. - There is general

i . agreement among investigators that benzene metabolites, rather than benzene
: itself, are the primary toxic agents.

B w20 2 SRR

Sourcas and Fate —Environmental sources 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 effluent, structural fires, off-

" gassing from particle board, cigarette smoke, and possin'z natural food sources.
Annual benzene emissions from anthropogenic sources are approxlmately 236,000
metric tons (ATSDR 1989¢c). However, environmental levels are low dueto

 efficient environmental removal processes.
|

Chemical degradation reactions, pnmanly lhe reactlon wuh the hydroxyl
radical, limit the atmospheric persistence of benzene to only a few days (and
possibly only a few hours if the concentration of hydroxyl radicals is sufficiently

i
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high). Biddcgradation, principally aerabic, is the -most important environmental
fate mechanism for benzene associated with water, soil, and sediment.

Chioroform

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

Exposure Routes and Risks —The major route for human -exposure to

B 22 s dniul

chloroform is from ingestion of contaminated drinking water and inhalation of
1 contaminated air, especially in industrial 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 tissues. Regardless of the mode of entry into the body, chloroform is
metabolized and excreted unchanged through the lungs.

Neurological, hepatic, renal, and cardiac effects have been associated with
exposure to 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 oral exposure to chloro-
form are insufficient, and animal tests did not clearly establish a no-effects level
of exposure for toxicity.

Sourcas and Fate—Chloroform is likely to enter the environment in
industrial effluents (e.g., pulp mill discharges), as well as from its indirect

production in the chlorination of drinking water, municipal sewage, and cooling
water.

The primary fate of chloroform is volatilization to the atmosphere. Chloro-
form may be transported long distances in the atmosphere and will react in the
gas phase with photochemically produced hydroxy! 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 soll 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 lmle or no tendency
to bioconcentrate in tests of freshwater fish,

Ethylbsnzene

Ethylbenzene is a colorless liquid that smells like gasoline, evaporates at
room temperature, and bums easnly Ethylbenzene occurs naturally in coal war
and petroleum and is also found i in many manufactured products mcludmg paints,

inks, and msecucldes

Exposurs Routes and Risks—Ethylbenzene enters the body rapidly
through the lungs and digestive tract. Entry through 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. Ethylbenmne is broken down
~ into other chemicals once it enters the body. Levels of ethylbenzene are likely

to be higher in all media (especially groundwater) near hazardous waste sites and
petroleum refineries, Consumers may be exposed to ethylbenzene through a wide
range of products including pesticides, solvents, carpet glues, vamishes, paints,
and tobacco products.. The highest source of exposure o consumers is probably

- self-service gasoline stations. Indoor air has a hlgher average concentration of
ethylbenzene (approximately 1 ppb) than outdoor air because of the use of .

household cleaners and paints (Howard 1989; ATSDR 1990b). Occupational
exposure occurs in the petroleum industry and in chemical manufacturing, and
workers using varmsh spray paints, and adhesives also may be subject to greater
exposure. . ;

" Exposure to low tevels of atmospheric ethylbenzene has caused eye and .
throat irritation in humans. Exposure to higher levels has caused decreased
mobility and dizziness. No studies have reported death in ’\umans. although
animal studies suggest that ethylbenzene may be fatal, Short-term exposure to
high concentrations of ethylbenzene may cause liver and kldney damage, niervous
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.

Sources and Fate—Ethylbenzene is most commbnly" 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 easlly by microorganisms, It does not readily sorb to-soils or.
sediments and can move mpxdly into groundwater. Ethylbenzene does not appear
to bioaccumulate significantly in the food chain,

Toluane

Toluene is produced both naturally and anthropogenically. It is found
primarily in petroleum products and in solvents and thinners for paints and
lacquers, Toluene isa by~product of the production of styrene

Exposure Routes and Risks—The pnmary route of exposure to toluene for
humans is from inhalation of contaminated air. Exposure levels are increased
with proximity to gasoline 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 dye industries are at greatest risk of exposure.
Neurological damage is the primary adverse effect of toluene on both humans and
animals, The cancer-causmg potential of toluene in rats and mice is still being
studied. i

Sourcas 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 amounis of toluene are discharged into
waterways or spilted onto land during the storage, transport, and disposal of fuels
and oils. Natural sources of toluene include volcanoes, forest ﬁres, and crude
oils,

If toluene is released to soi, it volaulizes to the air from near-surface soil
and feaches 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 significantly hydrotyze in soil or water. In

- water, toluene concentrations will decrease due to evaporation and biodegrada-

tion. Aquatic removal can bo rapid or may lake several weeks depending on
temperature, mixing conditions, and presence of acclimated mlcroorganlsms
Toluene does not sngniﬁcamly adsorb to sediments or bioconcemme in aquatic
organisms,
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Total Xylenes .

Total xylenes refers to the lhree isomers of xylene (mela- onho- and para-
xylene). This term is also sometimes applied to a mixture of xylenes and smaller
amounts 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 water, and groundwater, generally as a
result of petroleum use, transport, 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 fuel,

gasoline, and fabric- and paper-coating materials.

Exposure Routes and Rlsks-—Occupauonal 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 skm, 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 time
may cause nervous system damage and death. . Data are insufficient to prove
human 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, al!hough there is considerable variation and uncertainty in
estimates of persistence in thcse media. -Xylenes may persist: in other aquatic
systems for greater than 6 months before degrading. Limited bxodegmdauon is
the only significant source of xylene degradation in subsurface soils and most

, aquauc systoms. Because xylenes evaporate easnly. the highest’ levels are found

in the atmosphere. After several. days, xylenes in the atmosphere are degraded
by photooxidation. Medest bioaccumutation levels have been shown in fish (e.g.,
bioconcentration factors less than 2.2), but food chtun bxomagmﬁcauon has not
been observed (Howard 1989).
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Phenol_‘

In the following sections, characteristics are summarized for organic
compounds that can dissociate” i water, © These compounds include various
phenols, resin acids, and guaiacols. :
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* 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. Phenol has been obtained by distillation from petroleum, through : : . * :
synthesis by oxidation of cumene or toluene, and by vapor-phase hydrolysls of ' A

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 producnon of
certain syntheuc fibers, as an algicide, as a dxsmfeclant and in medicinal
preparations. :

Exposure Routes and Risks —Exposure to phenol for humans is possible S

through inhalation, ingestion, and dermal contact. Because phenol is used in

many manufacturing processes and in consumer producls, exposure can occur
both at work and in the home. Phenol is present in many medicinal producls E
(e.g., ointments, ear and nose drops, cold sore medication, mouthwashes, =~ = . . SR
: gargles. analgesic rubs, and throat lozenges) and is also found in dnnking water, o
air, certain foods, and in wood and tobacco smoke.

The severity of effects from exposure to phenol increases as both the level
and duraton 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, kidneys, liver, and

The magnitude, frequency, likelihood, or relative contribution of each C . S
exposure route and source to total phenol exposure cannot be estimated using S
current data. In gerieral, more phenol will enter the body if large areas of skin - S
come in contact with dilute solutions of phenol than if small areas of the skin :
come in contact with concentrated solutions. After exposure to airborne pheno,
as much as 50 percent of the phenol that enters the body will enter through the S
skin. Most of the phenol entering the body is excreted within 24 hours, SR
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lungs, followed by dcath in some cases. Reproductlve effects of phenol are
unknown in humans, although effecis have beén shown in animal tests. . Although
pheno! applied to the skin of mice has caused cancer, ‘it is not known whether
pheno) is a human carcinogen. Phenol acted synergistically in tests with known
carcinogens, causing more cancer than when the carcinogens were apphed without
i ' - phenol. . Phenol also has beneficial effects; it is an antiseptic and an anesthetic
. and is used to rémove skin blemishes. Studies of effects of phenol exposure on
i : algae and fathead minnows reponed reduced ‘reproduction and growth, while
. , effects on other aquatic orgamsms included increased enzyme acnvny in liver and
. - muscle and decreased actmty in the brain.

Sources and Fate —Phenol is released primarily to air and water during ils
manufacture and use. Phenol-formaldehyde resins have major uses in the
construction, automotive, and appliance industries and can be found in associated
effluents. Phenol is found in coal tar and is released in wastewater fromn the
manufacture of plastics, adhesives, iron and steel, aluminum, 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 wasles.

. Single, small releases of phenol do not remain in.the air; the half-life is
generally less than 1 day, Removal from soil by bxodegmdauon 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, probably because it is
efficiently removed from soil at low concentrations. Phenol in soil biodegrades
and leaches to groundwater. Volatilization from soil and water is a slow process
i and {3 not expected to be a source of atmosphenc phenol Sorption to sediments
o ' * is not an important tmnsport .mechanism of phenol in water.. However, phenol ..
R ‘ has been detected occasionally in sediments from Puget Sound, lincluding near
pulp mills and in some sediments collected in nonurban areas (’I‘etra Tech 1985b),
possibly as the result of aquaculture applications.

4-Methylphanol (4-Cresol)' '

treaiment facilities, and is used in the manufacture of organic chemicals.

. 1
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;l . Co 4-Methylphenol is a constituent of pulp mill waste, is found at wood
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Exposure Routes and Risks-—Human exposure is primarily through
inhalation and dermal contact in occupational environments and source areas,
4-Methylphenol is moderately toxic to benthic organisms,

" Sources and Fate --4-Methylphenol is released to the aimosphere 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 manufacturing, leather tanning, iron
and steel manufacturing, plastics producuon textile production, rubber process-
ing, and slectronics manufacturing, and in efflucnts 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 photochemcally 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 under
anaerobic conditions (Howard 1989). Disproportionate losses of 4-methylphenol
(and phenol) relative to dimethylphenols have been observed in groundwater at
a wood treating facility, presumably from biodegradation (Goerlitz et al. 1985).

Volatilization, bloconcemrauon in fish, and adsorpuon to sed:ment are not
|mportant 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 persist in sediments (Howard 1989). However, persistent high concentrations -
of 4-methylphenol have been observed in some Puget Sound sediments near
industrial sources. These results can be éxplained either by large mass loadings
of 4-methylpheno} from the source or in situ production of 4-methylphenol in the
sediments. One untested poss;bxluy is that 4-methylphenol could be produccd by
bacterial conversion of proteins (via p- hydroxyphenylacetate) accumulating i in the -
sediments (Balba and Evans 1980). '

Pentachlorophenol

Pentachlorophenol (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 exists in two forms of differing water solubilities.
In its pure form, PCP exists as colorless crystals. The impure form of PCP,
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which exists as a dark grey to brown dust in beads or flakes, is the type found at
hazardous wasie sites. '

Exposure Routes and Risks—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 icvels 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 cause adverse effects on the liver,
kidneys, skin, blood, lungs, nervous system, and gastrointestinal tract. High
levels of exposure can also be fatal. Longer-lerm exposure to lower levels of
PCP can cause damage to the liver, biood, and nervous sysiem. Animal studies
indicate that shori-term, high-level exposure 1o PCP can cause similar damage,
with the severity of cffects increasing as the duration of exposure increases.
Acute toxicity and increased risk of reproductive failure have been shown in
animals exposed to PCP, but there is insufficient evidence of human carcinoge-
nicity. Studies of aquatic organisms indicate more severe effects on fish than on
other aquatic biota; acute and chronic toxicity to saltwater organisms occur at
concentrations as low as 53 and 34 ug/L, respectively (U.S. EPA 1986a). -In

addition, pentachloro.aisole, a degradation product of PCP, has an even greater
~ potential to bioaccumulate than PCP itself (Callahan et al, 1979).

Sources and Fate —PCP is rcleased directly to air via volatilizalion from
treated wood. and evaporation. of PCP-treated industrial process waters from
cooling towers. Eighty percent of domestic consumption of PCP is atiributed 10
the treatment of wtility poles (ATSDR 1989d). Although generally insignificant,
past emissions from production facilities may bc more important in Puget Sound
because one of the two major historical producers of PCP in the United States
was located in the Commencement Bay arca. In addition, a number of other
chemicals (e.g., HCB, pentachlorobenzene, pentachloronitrobenzene, and
benzenchexachloride isomers) are known to metabolize 1o PCP.

PCP releases to water occur by direct discharge from source and nonpoint
sources, by wet deposition from the atmosphere, and by runoff and leaching from
soil.  Approximately 90 percent of wood treaiment 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 wasiewater treaiment
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 insccticide, a fungicide, an herbicide, a
molluscicide, an algicide, a disinfectant, and as an ingredient in antifouling paint.
However, nonwood 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
conditions than under neutral or vasic conditions. The compound bioaccumulates
to modest levels in algae, aquatic invertebrates and fish (ATSDR 1989d), but food
chain biomagnification has not been observed.

Mono- and Dichloradehydroabietic Aclds

Chlorine bleaching processes used in both the sulfite and kraft pulp industrics
have been demonstrated to result 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

- 1o survive the strong oxidizing conditions of chlorine bleaching. Dehydroabietic

acid, typically the predominant resin acid found in the environment, is derived
from abietic acid and is relatively siable 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 elevated 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). Dehydroabietic acids are persistent in the

~eavironment 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 to
describe routes of exposure and associated risks of individual resin acids to biota.
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Sources and Environmental Fate ~Dehydroabictic acid is -persistent in
sediments, with a half-life of greater than 20 years estimated in sediments of Lake
Superior (PSEP 1988). ‘

2-Msthoxypheno!

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 pollutani
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 sediments in Everett 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).

Chlorinated Gualacols

Chiorinated 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 showing that
unchlorinated guaiacols dehydroabietic acid, a related compound, is toxic and

environmentally persistent, it is expected that chlorinated guaiacols will behave
similarly, _

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-
guaiacol and 4,5,6-trichloroguaiaco). Tri- ‘and tetrachloroguaiacol exhibited
considerable toxicity in fish taken from a river ncar a pulp mill in Switzerland
(LCsq values were 0.75 and 0.32 mg/L for tri- and tetrachloroguaiacol, respec-
tively (Leuenberger et al. 1985),

Tr!chloroeihena

Trichlorosthens (TCE) is uied widely as a dogroésor for motals in the metals
and clectronics industries. TCE is an intormediate in the manufacture of

polyvinylchloride and is also found in the effluent of pulp mills, chloralkali
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. Although possibly carcinogenic, TCE is not considered highly loxic to
humans or animals.

Sources and Fate —Although it has been detected in both marine and fresh
waters, 80 to 95 percent of TCE evaporates to the atmnsphere. TCE is most
likely to enter the atmosphere from its widespread use as a metal degreaser.
There are no known naturai sources of TCE. It has been found in very high
concentrations in a few nearshore sediment samples from Hylebos Waterway in
Puger Sound (Tetrra Tech 1985b). TCE is a volatile compound that moves
quickly through groundwater, and it is a common contaminant of grourdwater in
industrial areas. It does not appear to bioconcentrate in fish tissue. In anaerobic
environments, TCE degrades to dichlorocthene and vinyl chloride. . These

- breakdown products can be useful in dezermmmg the sources, fate, and transport

of TCE to the environment.

Tetrachloroethene

Tetrachloroethene is & volatile compound used as a melal degreaser in the
metals and electronics industries, in dry cleaning and textile processing, and in
the production of fluorocarbons, pesticides, adhesives, paints, and coalings.
There are no known natural sources of tetrachloroethene.

Exposure Routes and Risks —The primary source of human exposure is
inhalation of occupational air contaminated by tetrachlorocthene. Consumption
of drinking water contaminated by rain or by pipes lined with vinyl is another
source of tetrachlorosthens. Tetrachloroethene is a carcinogenic compound that
otherwise is not highly toxic to humans or aquatic orgamsms It is moderately
toxic to benthic organisms.

Sources and Fate —Tetrachloroethene is likely to enter the environment by
fugitive air emissions from dry cleaning and metal degreasing industries and by
accidental releasas of products contaminated with tetrachlorosthene. Wastewater
cffluents from metal finishing, laundering, aluminum forming, organic chemical
and plastics manufacturing, and municipal treatment plants also contribute to
environmontal totrachloroethene. Tetrachlorocthene can also be found in the
effluent of pulp mills and chloralkali plants and in the groundwater ncar many
industrial areas. Tetrachlorocthene has been found in highly elevated concentra.
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tions in Puget Sound sedimenls near al chemical manufacwring facility and in
‘ somewhat elevated concentrations in. fish lissue from the same vmmly (Tewra
: ' . Tech 1985b). ' Tetrachloroethene breaks down in anacrobxc environments o
mchloroexhene. dichloroethene, and vinyl chloride, and the presence of these
: breakdown products can be useful in determining the sources. fate, and transpon
; ‘ of this chemical., - .
A3 { !
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" TABLE A-1. SUMMARY OF BASIC ANALYTICAL .
TECHNIQUES FOR ORGANIC COMPOUND ANALYSES

Analytical Step

Analytical Procedure!

Sample drying
Extraction

Extract drying

Extracl cloanup

. Extract analysis

" Centrifugation or sodium sulfate’

Sﬁakur/rollor; Soxhle1®; sonication

. Separatory funnol pahi‘iuning as needed to romove ﬁalor (oH

must be controlled); sodium sulfate for all other extract drying.
Kuderna-Danish apparatus (to ca. | mL), rotary evaporation (1o
2 mL) or comparable technigue; purified ‘nitrogen gas for
conceniration to smaller volumes

" Romoval of clomontal sulfur (sedimems only} with mercury or

activated copper

Removal of organic ‘interferents with ‘GP({: size exclusion
chromatography {e.g., phenoget, Sephadex®), bonded octadecyl
columns, HPLC, silica gel, or alumina

GC/MS for volatiles and semlvolaxlles. OCII‘CD for postlcldos
and PCB mixtures

* GFC - gel pormeation chrommography, HPLC - high performance liquid
chromatography, GC/MS - gas chromatography/mass spectromelry, . GC/ECD - gas
chromatography/eloctron capture detection, PCB ~ polychlorinated biphenyls.

- *The steps dascribed generally apply to low pans per billlon, broad scan analyses. Some
of the optlons for extract cteanup and.analysis are best suited for cenaln compn\md
groups rather lhan for broad scan analyses.

H
<
.

[ P YR I

el baed .

L‘....a._ [T SR




T

R R

TABLE A-2. REFERENCE DOSE (RID) VALUES FOR PRIORITY POLLUTANTS

'PP®  Pojiutant CcAS # RID (mp/kolday) -
114 antimony 7440-36-0 (a) 0.00004
25 'alpna-endosullan 115-29-7 0.00005
86  bata-endosullan 116-29~7 0.00005
127 thallium (in soluble salis) §63-68-8 (a) 0.00007
123 mercury 7438-97-6 (a) 0.0003
33  1,3-dichloropropene 10061-02-6 0.0003
98  endrin 72-20-8 : 0.0003
88  nitrobonzone 98-95-3 0.0008
" §3  haxachiorocyctopentadiene 77-47-4 0.0007
46  bromomethane 74-83~9 0.0014
§9  2,4-dinilrophenol 51-28-5 0.002
128 siiver 7440-22-4 (a) 0.003
N 2.4-dichlorophenol 120-83~-2 0.003
119 chromium (VI) 7440~47-3 (a) 0.005
66.  bis{2-ethylhexyl)phthalate 117-81-7 0.02
7 . chlorabenzene 108-80-7 0.02
121 cyande §7-12-6 (a) 0.02
124 nickel 7440-02-0 () 0.02
64  pentachloropheno) 87-88-5 0.03
30  lluoranthene 206-44-0. 0.04
42  bis(2~chigrolsopropyl)ether _ 30638-32-9 0.04
44 dichioromothane (methytene chloride)  76-08-02 0.06
25  t1,2-dichlorobanzene 98-80-~1 0.09
11 1,1,1,=Wiichloroethane 71-55-6 0.09
38  othyibenzene 100-41-4 0.1
84  Isophorone 78-59-1 0.1
86 (oluene 108-88-3 0.2
85  phenot 108-98-2 0.6
70 dlethyl phthalate 84-60-2 0.8
71 dimethyl phihalate 131-11-3 1
119 chromium (1) 7440-47-3 (Q) 1
88  di-n~butyl phthalate 87-74.-2 10
48  chioromathane {mathyl chioride) 74-87-3 )
80 - 4,8-dinilro~0~creso! 534-52-1 (o)
26  1,3~dichlorobenzene 641-73-1 (b
97  endosgulfan sullate 1031-07-8 (¢
27  1.4=dichlorobenzene 108-46~7 )
2 acrolein 107-82-8" - (c)
128 - selenium 7782-49-2 (5]

(a) CA8 numbers Tor these substances vary depanding on thalr spacific lorm
{e.g.. Inorganic salts or organic complexas).
{b) Data inadequate lor quantitative risk assessment.

(c) Nol dstermined.

Raference: U.8. EPA (1990¢), Tabls A,

A-2
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TABLE A;S. CARCINOGENIC PRIORITY POLLUTANTS RANKED BY POTENCY FACTORS

[idid ] Poliytant ~ GAS Numbor Potancy (a) Leval of Evidence (b)
129 2,3,7,8-TCDD (dloxin) 1746-01-6 160000 B2
5 benzidene 92-87-6 230 (O) A
81 N-nitrosodimethylamine 62~57-1 . BT (W) B2
89 aldin 300-00-2 17 B2
20 dieldrin 80-87~1. 18 82
{c) - polychlorinated biphenyls (c) 8.9 B2
102 aipha~-HCH 319-84-6 8.3 82
100 haptachior 78-44-8 4.5 82
"7 beryllium 7440-41-7 (d) 43 W) a2
88 vinyl chtoride 78-01~4 1.9 A
103 beta-HCH 319-06-7 1.8 c
115 arsenic 7440-38-2 (d) 1.8 (W) A
9 hoxachlorobenzene 118-74-1 1.8 . B2
105 gamma<~HCH §6-88-8 1.3 82-C
81 chiordane ‘ 67-74-9 1.3 a2
18 bis(2~chlorosthyljether ‘ 111-44-4 1 a2
113 toxaphene . 8001-35-2 1.1 B2
37 1.2-diphenyinydrazine 122-86-7 0.80 B2
36 2.4«dlnitrotoluene 121-14-2 0.68 82
3 . acrylonitrite 107-13~1 0.54- (W) B1
28 3,3'-~dichlorobonzldine 91-04-1 0.48 B2
92 4.4'-DDT : §0-29-3 . 034 B2
03 4,4'-DDE 72-68-9 0.34 82
a4 44°-0DD 72-84-8 0.24 82 :
18 1,1,2,2-18trachlorosthane | 70-34<6 0.20 v ’
6 - carbon tetrachloride §6~23-6 - 013 B2
10 1,2-dichloraethane 107-06-2 0.081 82
§2 hoxachlorobuladieno 87-08-3 0.078 v}
14 1,1,2-trichiproethane 70-00-8 0.087 c
86 telrachloroathane 127-18-4 0.081 . B2
4 - benzene 71-48-2 0.029 (0) A
12 hexachioroethane 87-72~1 0.014 C
21 2.4 ,8=trichiorophonol 86-06~2 0.011 82
44 dichloromethane 76-00-02 0.0078 (I+W) 82
. (mothylene chioride) .
23 chloroform 67-66-3 0.0081 (W) 82
02 N-nltrosodiphenytamine 86-30-8 0.0049 82
118 cadmium () ' 7440-43=9 (d) @ -{0)
78 benzo(alpyrene 80~582-8 , (e} 82
119 . chromium (Vi) (e) . 7440-47-3 (d) . Ll (8)
29 1,1~dichioroathane 76-38-4 )] c
124 nickel {(subsulfide, refinery dusl) (e) 7440-02-0 (d) (o) ()]
A-3




TABLE A-3 (Continusd).
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i ) ' (a) From U.S. Environmenial Proteclion Agency (1880¢), Table B. All potency values represent diatary
slopo factors except: (O) = stopo catcutated from occupalionat exposura, W = slope calculated
B from human drinking water exposw 3, and (l) = slope calcutated from animal inhalation studies.
# {b) A = Human carcinogen (sulfictent evidence of carcinogenicity in humans); B = Prabable human s
v . carcinogen (81 - imitad evidence ol carcinogenicity in humans; B2 ~ sufficient evidence of : )
i carcinogeniclty in animals with inadequate or lack of evidence in humans); C = Possible human : =
L carcinogen (!imited evidence of carcinoganicity In animals or lack ol human dala). :
I (¢) Spacitic Aroclor mixtures of polyclorinated bipheyls are listed as individual priority pollutants with

Y PR

individual CAS numbers. _ ‘ :
. {d) CAS numbers for these substances vary dopending on thalr spacilic form (e.g., organic salts or :
e or organic comploxes). :

(e) Chromlum (VI}, cadmium, and nickel are not consldered 1o be carclnoganlc via dlelary exposure.
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LIFETIME CANCER RISK

CONSUMPTION RATE (g/day)
1000 100 10 1 0.1 001 0001

PEANUT BUTIER
(AFLATOXIN B) 2

CHARCOAL BIROI FD STEAK
[BENZO(A)PYRENE }b

DRINKING WATER :
(TRICHLOROE THYLENE) ©

— 7T T T T T T T T 1
0005001 0.00001 0.0001 Q00T 001 0.1 1 10 160 1000 - 10,000 100,000
CONCENTRATION {mg/kg wet welght)”

* 1mgAg wel weight = 1 ppm

- a Four tablaspoons pey day
‘b 100 stoaks pas yer
¢ 21 per day 2t the U.S. EPA fimit (0.005 mgAR )

Figure A-1. Graphical risk characterization for arsenic in seafood (PSEP
1988b). .
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Figure A-2. Graphical risk characterization for mercury in seafood (PSEP
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LIFETIME CANCER RISK

CONSUMPTION RATE (g/day)
1000 100 10 1 0.1 0.01 0.001
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PEANUT BUTILR

(AFLATOXIN 8)

CHARCOAS BN D 511 AR
[BENZO(APYHEH! 1

DRINKING WAL R
(TRICHLOROE THYI I NE) ©

7T T T T 7T T
0.000001 0.0000t 0.000¢ 0.00% 0.0% o1 f .- 10. 100 1000 10,000 100.000
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* Figure A-3. Graphical risk characterization for carcinogenic PAH in seafood
(PSEP 1588b).
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Figure A-4. Graphical risk characterization for PCBs in seafood (PSEP 1938b).




