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SUMMARY AND RECOMMENDATIONS 

Toxic organic chemicals have affected aquatic resources by (1) 
restricting harvest; (2) causing biological damage to harvestable stocks; 
and (3) damaging other biological resources~ eg~ benthic animals and birds~ 

Geographically the areas of the country most affected are the Great 
Lakes ~egion and localized coastal areas, along the east and west coasts. 
However, the actual extent of problems related to toxic organics is not 
known mainly b~cause only a limited number of cause and effects studies have 
been conducted. 

In the authors' opinion there is a generic need for the following: 

(1) more refined mo~itori~g of organic contaminants in aquatic animal~ 
and sediments, i.e. inclusion of enclosed areas in sampling, 
inclusion of a wider variety of organics in analysis~ improved and 
more uniform analytical procedures; 

(2) research to better establish cause and effect rel~tionships between 
individual contaminants and mixtures, i.e. more ·thorough 
investigation of the possibility of synergistic effects of organic 
contaminants and metals in inducing cancerous growth in aquatic 
organisms and further investigation of the role of metabolites of 
organic contaminants in inducing abnormalities; 

(3) research and monitoring to better establish the extent, i.e. 
geographic areas, which are affected by toxic organics. 

The authors further recommend ~onsideration of introducing or improving 
control methods in problem areas. Control might include measures for 
reducing pollutant input at nonpoint sources before pollutants enter 
receiving waters and better controls on those inputs which enter municipal 
wastewater treatment facilities. Such measures might include 

(1) detention basins 
Latimer~ et al. (1986) recommended the use of detention basins as 
an effective and economical method of reducing the impact of 
petroleum hydrocarbon and PAH pollution from storm runoff on 
receiving water. They collected influent and effluent samples 
from a smal~ detention basin serving a large shopping center 
parking lot. They found that treatment of hydrocarbons by the 
detention pond was 70% better and treatment of PAHs was 14% better 
"than treatment efficiencies of a combined sanitary/storm 
municipal treatment plant studied in Providence, RI [by] (Hoffman, 
et al~ 1984)" (Latimer~ et al~~ 1986). 

(2) legislation re slash burning 
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In the authors' op1n1on legislative bodies~ especially those 
governing places where there is logging activity, should consider 
putting restrictions on slash burning or should consider 
legislatio~ offering logging companies incentives to use alternate 
practices, as pyrogenic PAHs resulting from slash burning are a 
threat to health of the bodies of water they enter with runoff and 
a potential threat to consumers of living natural resources there~ 

(3) legislation re disposal of used motor oil 
Federal laws~ state regulations~ or city and county ordinances 
might prohibit disposal of used motor oil except at designated 
collection sites from which the oil might be taken to recycling 
facilities as those suggested by Quinn (1979) described under 
Narragansett Bay in this Summary and Recommendations section~ 

For specific areas of the coast we suggest the following: 

Puget Sound 

The effects of orga~ic contaminants on biota have been extensively 
studied in Puget Sound. In fact the best research in the nation regarding 
the pote~tial impacts of organic pollutants has been performed on this area. 
However, mor~ needs to be done particularly in elucidating cause and effect 
.relationships. In the opinion of the authors continued and expanded support 
should be given to the investigations being conducted by the Northwest and 
Alaska Fisheries Center of the National Marine Fisheries Service. In 
ad~i tion colaborati ve efforts between the Fisheries Center and other groups, 
eg. the studies proposed by Malina and Huggett, should be given serious 
consideration for funding at the national level. 

Oregon Bays 

We recommend continued monitoring for PAH levels in shellfish and the 
addition of regular monitoring of sediments at sites in embayments and near 
marinas in O~egon Bays. The practice of slash burning large forest areas 
after logging, the presence of creosoted pilings, fish processing plants, 
marinas, and automobile exhaust components in road runoff (although 
admittedly there is not as much automobile traffic in Oregon as in more 
heavily populated areas of the west c_oast) all contribute PAHs to Oregon 
bays; therefore levels should be watched. 

We believe that analysis of sediments and biota should include PCB and 
pesticides analysis as well. There is a possibility of pesticides from farm 
lands east of the coastal forests reaching the bay waters and contaminating 
biota there. 

San Francisco Bay 

Major studies of organic contaminants and problems of San Francisco Bay 
have concentrated on large central areas in the Bay, in a sort of regional 

3 



approach. Results of these studies paint a "cleaner" picture of the Bay 
when compared to results of voluminous studies of Puget Sound areas and of 
major sewage outfalls in Southern California~ The comparison lacks 
credibility until there are studies of small bays and inlets and specific 
sites near potential sources of organic pollutants~ We recommend such 
studies be conducted~ 

Also we recommend further studies to sort out the factors and 
com.~inations of factors contributing to the decline of the fisheries in the 
Bay. 

Citizens for a Better Environment (1983) pointed out that most effluent 
standards for the Publicly Owned Treatment Works (POTWs) were based on 
values r.ecommended in California's Ocean plan~ Since the Bay is an enclosed 
estuary, th~y fear these standards may be inappropriate and not sufficiently 
protect! ve. They said standards for toxic organics "are grossly deficient 
or totally non-existent" as is adequate monitoring of toxic organic 
pollutants. 

They recommended that the POTWs in the Bay area develop uniform 
prohibited discharge standards and that the San Francisco Bay Region of the 
Regional Water Quality Control Board require effluent monitoring of 
industrial dishargers and sewage treatment plants that would include 

. analysis for de,tection of relevant toxic organic pollutants. One specific 
recommendation, with which we concur, was to replace broad analysis for "oil 
& grease" wi ~h analysis for petroleum hydrocarbons, PAHs and total aromatic 
hydrocarbons. 

Southern California 

We believe there is need for more comprehensive and more current 
measurements of PAHs in biota of southern California. We would also like to 
see sediment toxicity studies to determine lethal and sublethal effects of 
sediments fran various locations in southern California, especially Los 
Angeles Harbor and Palos Verdes shelf, on species indigenous to the area~ 

Texas Bays 

Pesticide contamination problems in the Arroyo Colorado are severe as 
indicated by residue levels in biota and fishes. Impacts on the biota are 
unknown and additional studies are needed to determine the potential impacts 
of this contamination. 

Davis (Personal communication~ July 12~ 1985) reported that EPA will 
fund studies of effects of contaminants on biota, indicating highest 
acceptable contaminant levels. He commented that very little of this type 
research had been done to date. 

The Texas Natural Resources Information System (TNRIS) is a highly 
sophisticated system with a large collection of potentially valuable data 
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available for use in making decisions concerning environmental protection~ 
TNRIS provided the authors with data tapes containing State Monitoring 
Network data and Coastal Data System data which resulted from·monitoring 
efforts in estuarine waters of Texas 1968-1984: The data included physical, 
chemical and biological parameters: No PAH levels were included in the 
chemical data~ A careful examination of all the data revealed, however~ 
that in only very few instances~ -10~ were there biological data~ eg~ 
benthic diversity, from the same location and general time period as 
chemical data, i~e~ sedient concentrations of PCB and/or a pesticide: 

We would like to see future monitoring plans coordinated so that a 
numb~r of stations sampled for chemical data also be sampled for biological 
data. 

The lack of available PAH data needs to be correct~d~ Jack Davis; 
benthic ecologist for Texas Department of Water Resources, Water Quall ty 
Management Division (Davis, personal communication~ Ju1y·12, 1985) has 
sampled Corpus Christi inner harbor~ Arroyo-Colora~o~ and other Texas 
loca~ions for EPA priority polllutant analysis which, of course, includes 
PAHs. Apparently they haye been sampling only sites suspected of having 
elevated pesticide levels. 

Louisiana and Texas 

With regard to persistant hydrocarbon contamination fran oil spills and 
chronic releases, Boesch, et al~ (1985) recommended the following: 

"The long-term effects of oil spills are potentially the most 
serious of the effects of offshore oil and gas development 
activities, but also the hardest to define and control. There is a 
long history of res~arch on the fate and effects of oil in the 
marine environment, yet viewpoints in the scientific community on 
some issues diverge widely (Royal Commission on Environmental 
Pollution~ 1981; Clark~ 1982; National Research Council, 1984)~ 
The research approaches outlined in Table 1.5 address the most 
important unresolved issues concerning effects of persistent 
contamination by petroleum hydrocarbons and. degradation products in. 
environments conduc~ve to such retention--fine-grained sediments 
and cold environments. The study approaches recommended are far 
more complex and multifaceted than those addressing subsequent 
issues~ They also involve more generic experimental research; the 
other issues are more heavily dependent on field observations." 

"The recommended approaches addressing the long-term effects 
of hydrocarbon contaminants fall into three groups: a) the 
sedimentologic and geochemical dynamics of hydrocarbon contaminants 
and their degradation products (what compounds persist, for how 
long~ and where are they transported?) b) bioavailability (are the 
persistent compounds tak~n up by the biota, are they bioaccumulated 
py air-breathing animals, what insight can be provided by measuring 
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body bu.rdens in stranded animals?); and c) chronic and sublethal 
effects." 

"Research .. on the long-term rate or medium and high molecular 
weight aromatics, heterocyclics and their degradation products 
depends. on understanding the conditions which allow them to 
persist. Most or th existing information is based on field 
observations or small-scale laboratory experiments~ Controlled 
experiments are required to separate multiple factors~ and 
experim~ntal a~proaches should be generally scaled up for increased 
realism. Thus, mesocosm and field experimental approaches are 
particularly recommended~ These will allow better extrapolation to 
natural conditions through application or site-specific sediment 
transport models." 

"Research on bioavailabili ty should concentrate on the uptake 
and retention of contaminants from bottom sediments and on the 
potentJal for long-term buil~ up or contaminants in the tissues of 
birds, mammals and turtles, in which the primary uptake route is 
probably direct ingestion~" 

"Determination of chronic and sublethal effects on the biota 
is always difficult. During th past decade, there has been a 
proliferation of stress indicator techniques for evaluating 
responses or organisms to pollutants (McIntyre and Pearce, 1980), 
yet the relationship of the response to survival of the individual, 
much less the population, is frequently unknown. Particularly 
sensitive are biochemical responses that relate to energy 
metabolism and membrane function (such as lysosomal stability), 
biochemical responses that relate to detoxification (such as 
induction of mixed-function oxidases), and physiological responses 
(such as scope for gr~wth) that measure the energy available for 
growth and reproduction." 

"Induction of mixed-function oxidase activity in marine 
organisms is a response to petroleum hydrocarbons which detoxifies 
and removes hydrocarbons but also produces more toxic primary and 
secondary metabolites. Recent evidence has suggested a direct 
relationship between detoxification processes and a) loss of 
reproductive effort (Spies et al., 1983), b) developmental and 
energetic abnormalities (Capuzzo et al~~ 1984), and c) 
histopathologic changes (Malina et a1:~ 1983)~ Other parameters 
that may prove to be useful in predicting significant effects on 
populations incl~de changes in blood glucose, energy metabolism or 
hormonal levels, particularly when these measurements can be made 
in conjunction with estimates of mixed-functf.on oxidase activity, 
metabolite format_ion and organismal effects, such as fecund! ty and 
development rate. No single index can provide the predictive 
capability to evaluate population change; hence future efforts 
should emphasize the relationship of multiple response indices." 

6 



} ) J ) ) 

Table 1 •. · Recommended study approaches for the resolution of potential long-term effects resulting from the persistence 
of medlum and high molecular weight ar-omatlc hydrocarbons, heterocyclics, and their partial degra~atlon 
products. 

STUDY APPROACHES PEASIBIL1TY1 REGIONAL FOCUS DURATION (YEARS) SEQUENCING 

1 •. Sedlmentologlc and 
geochemical dynamics of 
hydrocarbons and products 

a. Determine the High Generic experimental ' Immediate 
persistence of research 
parent compounds 
and their degra-
datlon products 
wider various 
conditions (temper-
ature, light, oxygen, 
microbial populations). 

b. Conduct mesocosm · . High- Generic experimental ' Laboratory studies con-
and field Potential research current with and dependent 
experiments and on results of 1, a 
make long-term Field research should 10. Field .studies dependent 
field observations · emphasize areas with on results from 1, a and 
on sedimentation, extensive nearshore, experimental studies; 
retention, fine-grained sedimentary long-term for llf e of 
degradation and or cold environments, development or activity 
erosional transport particularly Gulf of being assessed; 
of petroleum hydro- Mexico and Alaska. low-level effort 
carbons in sediments. 

c. Develop process Potential Generic research 3 Initial descriptive 
models which relate· with emphasis on models to direct the 
the fate of environments likely above research and 
contaml.nants to be developed quantitative models 
to sediment and contaminated which employ results 
type, erosion of 1, a and 1, b 
and deposition 
and likelihood 
of contamination. 
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Table 1 •. continued 

STUDY APPROACHES FEASIB1LITY1 REGIONAL POCUS DURATION (YEARS) SEQUENCING 

2. Bioavailability of petroleum 
hydrocarbons and ~elr 
degradation products to 
various trophic groups 
of benthos and valuable 
species 

a. Conduct experiments High- Gener le laboratory ' Laboratory studies 
and make field Potential· research concurrent with and 
observations to dependent on 1, a 
determine bloavall- Field research should 10 Pleld studies follow 
ability of compoWlds emphasize areas with at a low level from 
from contaminated extensive nearshore, progress 1n 1, b 
sediments. f ine-gralned sedimentary 

CX> or cold environments, 
particularly Gulf of 
Mexico and AlaskaJ 
contingent on results · 
of 1, b. 

b. Determine the High- Research should ' Immediate 
bioaccumulation Potential emphasizes Alaska and 
potential via California (mammals, 
ingestion by shearwaters, storm 
birds, mammals petrels, alclds); 
and turtles. Gulf of Mexico 

and Atlantic: 
(turtles, mammals). 

c. Relate Potential Oener le research 1 Initial models 
bioavailabillty of following results 
major compounds to of 1, a 
their persistence 2 Subsequent refinement 
in sediments, following results of 

1, b and 2, a-b 
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Table 1. continued 

STUDY APPROACHES FEASIBIL1TY1 REGIONAL FOCUS DURATION (YEARS) SEQUENCING 

3. Sub lethal effects of 
petroleum hydr.ocarbons 
and their degradation 
products 

a. Determine Potential Gener le laboratory ' Following progress 
biochemical and research of 1, a-b and 2, a-b 
physiological Field research as 
responses above in 1, b and 2, 
to exposure a-b and in chronically 
in potentially contaminated environments 
susceptible biota. 

b. Determine the Potential Generic laboratory ' Following progress 
\0 

quantitative research of 2, a-b 
importance of 
detoxification 
reactions that 
produce more 
toxic intermediate 
metabolites. 

c. Assess the High Gener le laboratory ' Concurrent with 2, a-b 
relationship between . research 
tissue concentrations Field research 10 Long-term observations 
and pa thologlcal (as in 2, a-b) dependent on· results 
condition of of 2, a-b 
selected species. 

d. Monitor the Potential As in 2, b 10+ Long-term, low-level 
population dynamics effort coupled with 
of selected 2, band 3, a. 
susceptible colonies 
of marine birds, 
turtles and mammals. 
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Table 1. continued 

STUDY APPROACHES FEASIBILITY 1 REGIONAL FOCUS DURATION (YEARS)' SEQUENCING 

e. Determine Limited Generic research ' Following progress 
relationship between of 3, a, c and d 
biochemical and 
physlologlcal 
indicators of stress 
and population-
level responses. 

f. Evaluate the Limited Generic research 1 Initial models 
consequences of based on results 
long-term effects from 1, a-b; 2, 
on populations to a-bJ 3, a and c 
living resources 
and ecosystem 2 Refinement of 
support of models based on 
these resources. all results 

1Feasibility of approach judged as "High". (can be· satisfactorlly accomplished within a 10-year time frame using avail~ble 
methods); "Potential" (requires development of methods or Innovative approaches); and "Limited'' (probably infeasible within 
a IO-year time frame). 

(Boesch, et al., 1985) 
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Mississippi Sound and Mobile Bay 

We notice a shortage of investigations of fish abnormalities and a lack 
of ~pecies diversity and richness studies in Mississippi Sound and in Mobile 
Bay. We believe data from such studies are needed. We recommend that 
prevalence of fish abnormality and benthic community data be tested for 
possible relation to organic pollution level in tissues of the fish and 
benthos and to organic concentration in sediments of their habitat~ 

In Mississippi Sound levels of organic contaminant·s i_n economically 
important mollusks and finfish should be regularly monitored. 

We found no reports of sediment toxicity studies of Mobile Bay. We 
recommend that a comprehensive study similar to. the Lytles' four year study 
of Mississippi Sound be conducted for Mobile Bay. The study should include 
measurement of organic concentrations in sediments, sediment toxic! ty, and 
location of biological ~ommunities possibly in danger of distress by 
anthropogenic pollution. We suggest that concentrations of individual 
aromatic hydrocarbon compounds be detected and reported to allow comparison 
with data from studies of other estuaries. We also recommend that the 
sediment toxicity studies include investigations of sublethal effects 
(disturbances of respiration~ reproduction, etc.) of sediments on local 
biota. 

Couch (1985) suggested that perodical studies of the health of Gulf 
Coast biota should be made since "the Gulf Coastal Plain will probably be 
the fastest growing region in the USA in the next decade ••• " 

Chesapeake Bay 

The Chesapeake Bay and particularly certain.of its sub-estuaries have 
been adversly affected by both pesticides and PAHs. 

Additional studies are needed in several areas with regard to PAH 
contamination in the Bay. They include 

(1) studies to define the levels of sediment contamination necessary to 
cause both acute and chronic effects on fishes and shellfish; 

(2) surveys of the Bay and tributary streams to determine whether 
increases in incidences of abnormalities in fishes are related to 
PAH contamination; and 

(3) laboratory investigation to determine potential synergism between 
metals and PAHs. 

In the area of pesticides studies are needed to 

(1) determine the acute and chronic toxicity of tributyltin to a 
variety of estuarine organisms; 
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to 

(2) measure the degradation rates which govern the fate of TBT in the 
natural environment; 

(3) measure bioaccumulation rate constants for TBT, specifically in 
oysters and clams; and 

(4) determine the distribution of organotin compounds in estuarine 
water and sediments. 

Continued monitoring of Kepone levels in the James River is necessary 

(1) protect public health; and 

(2) provide a long term record, as an example.of the fate of a non­
degradable pesticide in an estuarine system. 

Delaware Bay 

The Delaware River Basin Commission (1984) emphasized that the 
available dat~ concernig toxic compounds in the water, sediments, and biota 
are limited. We believe that more samples need to be taken at more 
locations, particularly including sites close to shore and in small 

,embayments. We notice an apparent lack of recent data for organic 
contaminant concentrations in tissues of mollusks from Delaware Bay that 
shoud be remedied. 

Weals~ recommend that paramete~s monitored include PAH, PCB, 
pesticides, and dioxin concentrations. It seems especially important to 
routinely ana~yze samples for PAHs, considering the carcinogenic nature of 
some of them, and the potential for finding them in the Delaware River 
Estuary_and Bay which are heavily used for navigation and petroleum 
refining. 

New York Harbor and Raritan Bay 

The authors agree with recommendations of Pearce ( 1979a) and Wolfe 
(1982). 

Pearce (1979a) said that "steps must be taken to reduce sewage 
discharge and terrestrial runoffs along the length of the major streams and 
their tributaries carrying wastes to the estuary." He additionally 
recommended resurrection of marshlands, as their brackish water vegetation 
can effectively filter organic matter (as well as inorganic suspended 
matter~ other contaminants, and nutrients)~ 

Wolfe~ et al: (1982) recommended that community characteristics, 
especially for benthos, be monitored at selected stations to measure long 
term effectiveness of whatever management practice is selected and 
instituted. 
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The __ authors also support continued monitoring of sediments and biota in 
the area, but particularly encourage vigilance in monitoring effluents from 
industries to prevent future extensive damage to natural resources such as 
the long term degradation that resulted from PCBs _in the effluents of two 
capacitor manufacturing plants in the upper Hudson. 

Narragansett Bay 

Quinn (1979) recognized the serious nature of chronic input of 
anthropogenic hydrocarbons to the water~ sediments and biota of the 
Narragansett Bay estuary from sewage effluents and recommended correcting 
the problem by taking steps to prevent oil from entering the sewage system. 
One suggestion was institution of a national waste-oil recycling program. 
As an example of an advantage of this recycling~ he reported the University 
of Rhode Island saved $7 ~ 300/mor:ith burning a mixture of fuel oil and used 
crankcase oil in its heating plant. Another suggestion in Quinn (1979) for 
preventing entrance of oil into the sewage system was adoption of "ne~ and 
tougher regulations for the effluent discharge of fossil fuel compounds." 

Quinn ( 1979) also recommended establishment of permissable levels of 
anthropoge~ic hydrocarbons in shellfish and fish taken for human 
consumption. 

Great Lakes 

Contamination levels of both PCBs and DDT in fishes from the Great 
Lakes have generally declined since the early 1970s. However, closures due 
to PCB contamination are still in effect for many species (see Fig~ 13 in 
the section on the lakes)~ With respect to health problems related to 
consuming these fishes, Sonzogni and Swain (1984) stated: 

"Individuals who habitually consume large quantities of fish 
from the Great Lakes~ especially from Lake Michigan, will hav~ 
substantially higher intakes of PCBs than the general population. 
Based on conservative extr~polations from animal studies, such 
individuals face an __ increased, although relatively small, risk of 
developing cancer. More information, such as may be provided by 
ongoing epid~miologlcal studies of subpopulations exposed to high 
PCB levels, is needed to better define the associated risks. 
Further, more information is needed on the possible health effects 
of PCBs transferred from ~other to infant, as well as on possible 
synergistic effects of PCBs." 

"Despite concern over potential health effects of 
contaminants found in the Great Lakes, the fact that levels of 
contaminants such as PCBs and DDT are decreasing is cause for 
guarded optimism~ It would appear that c~ntrol measures for these 
compounds are beginning to be effective. As environmental levels 
of contaminants decrease, the health risk associated with these 
contaminants should also decrease. Optimism aside, it is clear 
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that our knowledge of the chronic human health effects of Great 
Lakes contaminants is minimal, and the need for careful and 
innovative health effects research will continue into the 
foreseeable future~" 

With regard to persistent toxic substances the Water Quality Board of 
the International Joint Canmission in 1985 recommended the following: 

PERSISTENT TOXIC SUBSTANCES 

Atmospheric Contaminants 

The Water Quality Board recommends that: 

1. The Great Lakes jurisdictions explicitly recognize the effects of 
air emissions on water quali~y in general~ and on Great Lakes 
water q~ali ty in particular, in t.he formulation of air quality 
statutes, regulations, and standards. 

2. The Parties standardize sampling and analytical methods for the 
United S~ates and Canadian atmospheric deposition monitoring 
networks, plac~ greater emphasis on gathering organic pollutant 
depositio~ data, and maintain the resulting data in a computerized 
data base. 

3. The Parties continue to improve mathematical models which could be 
used to describe the transport, deposition, and fate of 
atmospheric pollutants in the Great Lakes Basin. 

Groundwater Contamination 

The Water Quality Board recommends that: 

4~ The Par ti es undertake programs to establish the impact of 
contaminated gr~undwater on the surface waters of the Great Lakes 
Basin ecosystem. 

In-Place Pollutants 

The Water Quality Board recommends that: 

5. The Parties, through appropriate research and demonstration 
efforts·, catalogue and evaluate the.effectiveness of alternative 
approaches for the isolation, removal, treatment, and/or disposal 
of in-place pollutants. 

Investigation of Sublethal Effects 

The Water Quality Board recommends that: 
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6~ The Parties support the continuing development and application of 
suitable diagnostic techniques for the assessment of potential 
sublethal effects of Great Lakes contaminants on the health of 
fish and other aquatic organisms in the Great Lakes ecosystem~ 

Toxicity of Alkyl Lead Can pounds 

The Water Quality Board recommends that: 

7. The jurisdictions continue to monitor lead concentrations in the 
edible portion of fish, at locations where inputs are known to 
exist~ in order to establish the potential for human exposure: 

8~ The Parties establish consumption guidelines for lead in fish, in 
order to protect human health. 

SURVEILLANCE 

9. The jurisdictions maintain or enhance, where appropriate, funding 
of surveillance programs which are designed to determine 
compli~ce with Agreement objectives, elucidate trends in water 
quality, evaluate effectiveness of remedial programs, and identify 
emerging or previously unrecognized problems. 

10. The jurisdictions place greater emphasis on the use of atmospheric 
and biological data i~ the assessment of water quality and the 
elucidation of trends. 

11. The jurisdictions utilize to the fullest extent, water intake data 
and other water qual~ty indicators such as beach closures and fish 
consumption warnings, for tracking long-term water quality trends. 

12. The jurisdictions report incidences of fish tumors as part of 
Great Lakes surveillance programs~ and .. expand research to 
definitively identify the causative factors. 

13. The jurisdictions make every effort to achieve data compatibility. 
among jurisdictional monitoring and surveillance programs. 

14. Because dieldrin levels in herring gull eggs and certain fish in 
the Grea~ Lakes Basin have not responded significantly to remedial 
measures, the jurisdictions should direct research efforts to 
identify all sources of dieldrin, determine the relative 
contribution of these sources to the current levels found in the 
Great Lakes b~ota, and understand the environmental dynamics of 
this substance. 
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PUGET SOUND 

Puget Sound, a huge arm of the sea which breaks into the northwest 
corner of the continental u:s~, contains many embayments~ Some of these are 
surrounded by heavily populated metropolitan areas such as Seattle and 
Tacoma in which heavy industry~ international shipping traffic~ and 
municipal wastewater, all contribute to its pollution. Also along the 
shores of this estuary the_cities of Bremerton, Olympia~ Everett~ and others 
contribute domestic wastes. Other open areas of the sound and many northern 
areas al"e relatively pristine. Puget Sound supports anadromous salmonid 
populations and other important commercial and recreational fishery 
resources. Figures 1 and 2 show Puget Sound indicating areas that will be 
discussed in this sum~ary. Investigators considered three of the labeled 
sites, Presidents Point, Case Inlet, and Port Madison clean enough to use as 
reference sites. 

In recent year's scientists have studied Puget Sound intensively for 
contaminant levels and their impact. EPA·, NOAA, USACOE, and METRO, have 
sponsored resea?'ch and for the most part reputable government scientists and 
private consulting firms have conducted this research. They have used three 
main methods of studying effects of contaminants: (1) fish histopathology, 
(2) biossays with contaminated sediments and (3) benthic community changes 
.(Ed Long~ personal communication, June 28, 1985). The combined reports of 
these recent studies cover the entire area very well. These studies taught 
us much about the Sound and about techniques of sampling, analysis, and 
effects studies in general. 

Many investigators reported measurements of PAHs or aromatic 
hydrocarbons in general from Puget Sound sediments (Anderson, 1985; Anderson 
and Crecelius~ 1985; Barrick, et al., 1985a; Battelle, PNL, 1985 Draft; 
Crecelius·, et al., 1985; Crecelius, Bloom, and Gurti sen, 1984; Dexter, 198 l; 
Galvin; et al~, 1984; Hileman and Matta, 1983; Konasewich, et al., 1982; 
Krahn~ et al.~ 1986; Long, 1983; Long~ 1982; Long, 1981; Macleod, et al., 
1982; Malina and Roubal~ 1985 in Press; Malina, et al., 1985 a., b. & c.; 
Malina; et al.~ 1984 a~~ b.~ c~; Malina, et al., 1982; Malina, et al., 1980; 
McCain~ et al., 1982; Pavlou and Weston, 1984; Riley, et al., 1980; Romberg, 
et al~, 1984; Tetra Tech, Inc., 1985; USACOE, 1985; Varanasi~ et al., 1985). 
Only a few give values for PAHs in the water column as well. 

PAHs in Water and Sediments of Everett Harbor, 
Elliott Bay and Duwamish Estuary 

Anderson (1985) reported total aromatic hydrocarbons, mostly PAHs, in 
sediment samples from eleven stations representing eight potential Everett 
disposal sites averaged -10,015 ppb (dry wt.). This included one completely 
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clean station. In the same study the average total aromatic hydrocarbons in 
sediments from six Everett East Waterway sediments was 4,000 - 5,000 ppb 
(dry wt.). Battelle scientists compared PAH concentrations found in 
sediments analyzed in this study with concentrations from their two earlier 
studies in 1985 which averaged -1~336 ppb (dry wt~)~ Th~y explained the 
higher concentrations by the difference in sampling depths. Average sample 
depth in this recent study was 106~6 cm~ as opposed to 132 cm. for the core 
samples from their two studies earlier in 1985~ They reported th~ total PAH 
concentration as an inverse function of the average sampled depth. 

Anderson and Crecelius (1985) i_n Battelle's Pacific Northwest Research 
Laboratory final report to USACOE, Seattle District for the U.S.Navy 
consider,ed levels of PAH in East Waterway sediments of Everett Harbor 
elevated. They presented results of analysis in the East Waterway showing a 
range from 151 ~ oqo :.. 250; 000 ppb ( dry wt~) in the most contaminated areas 
near loading docks. 

In Volume I of Battelle, PNL, 1985 Draft final report of their eight 
bays study - four urban, four baseline - total aromatic hydrocarbon 
concentrations in sediments varied. Most baseline bays sediments did not 
contain detectable aromatic hydrocarbons; three contained 60 to 334 ppb. 
(One or more samples from ~ach of three of the urban bays) contained 
concentrations of more than 10,000 ppb. One Elliott Bay station had 25,000 
ppb aromatic hydrocarbons in sediment samples. 

Averages of PAH (2 ring - 5 ring) concentration values from two East 
Waterway's core samples analyzed and reported by Crecelius, et al. (1984) 
are as follows for various core depths: 

O- 5cm. = 24,155 ppb 
10-15cm. = 23,481 ppb 
20-25cm. = 23~583 ppb 
30-35cm. = 16,763 ppb 
40-45cm~ = 16,170 ppb 

The highest PAH concentration appeared at drastically different depths in 
each of these two cores. For their sediment core #29 the highest 
concentration of PAH was 49,908 ppb found at 55-60cm.; for core 130 the 
highest was 258,790 ppb for total PAHs at 115-120cm~ 

In the METRO study reported by Galvin, et al~ (1984) PAH levels in 
shallow Elliott Bay/Duwamish sediments ranged 0-13,600 ppb (dry wt.), with a 
mean of 1 ~ 300 ppb. In Figure 29 of their summary report several "hot spots" 
for concentration of high molecular weight (combustion) PAHs in surface 
sediments of Puget Sound stand out. Elliott Bay waterfront and Duwamish 
West Waterway each contain sites with over 24,000 ppb (dry wt.). 

Both Malina~ et al. (1982) and Long (1982) in describing results of the 
Marine Ecosystems Analysis (MESA) Puget Sound project report a mean 
concentration of 13,000 ppb (dry·wt.) of total aromatic hydrocarbons in 
Elliott Bay sediments; the highest value measured there was 63,000 ppb. 
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In their earlier report concerning the MESA Puget Sound Project, 
Malina, et al. (1980) separate values for PAHs in sediments into 
concentrations of 1- and 2-ring ar~atic hydrocarbons and concentrations of 
3- to 5-ring aromatic hydrocarbons. They also show separate values for each 
of the three carcinogenic PAHs~ phenanthrene, benz[a]anthracene~ and 
benzo[a]pyrene~ (All sediment samples contained) all three of these PAHs. 
Samples were taken from twelve locations in central Puget Sound. They found 
that concentrations of PAHs varied a great deal within subareas~ but average 
PAH concentrations from the subareas of Elliott Bay (Duwamish Waterway, 
Seattle Waterfront, and West Point)~ Commencement Bay (Hylebos Waterway, 
Commencement Waterways and SW Commencement Bay)~ and Pt. He~ron station of 
Sinclair Inlet were much higher than those of other subareas. 

MacLeod~ et al. (1982) compared results of Duwamish sediment analyses 
by 13 laboratories~ They showed values for 18 selected aromatic 
hydr·ocarbons. The mean of the means from the various laboratories was 
highest for the PAH fluoranthene [1~700-1~800 ppb (dry wt.)] in subtidal 
sediment~ 

Among compounds they found in sediments of the Duwamish Waterway and 
two other Puget Sound estuaries, McCain et al. (1982) gave conceatrations 
for ten individual PAHs. Of these the concentrations are highest for 
fluoranthene, pyrene, and benz[a]anthracene in the three estuaries. The 
highest concentrations by far were from the Duwamish Waterway sediments: 
floranthene, 1,200 ppb (dry wt~); pyrene and benz[a]anthracene, 1~000 ppb 

. (dry wt~) each. 

In the Romberg, et al. (1984) study, partly because the water column 
was so clean that detection and quantification of pollutants was difficult, 
they collected sediment samples and "the most complete set of sediment 
chemistry data that exists for central Puget Sound" resulted. They show 
"chemical hot spots" via contour maps which define regions with similar 
sediment concentrations. The three main hotspots they identify are the old 
North Trunk sewer outfall, north of Seattle at West Point; the Four Mile 
Rock dredge spoils disposal site; and inner Elliott Bay and the lower 
Duwamish~ Their contour maps of both high molecular weight, or "combustion" 
PAHs and of low molecular weight PAHs show distinctively high values at 
these places: nearshore at the old North Trunk sewer outfall, the combined 
sewer outfall (CSO) off Magnolia Bluff, the entire waterfront in Elliott Bay 
and the lower Duwamish, and two sites off Elliott Bay (one near Four Mile 
rock disposal site)~ 

A study was conducted under the auspices of the United States Army 
Corps of Engineers, USACOE, to provide the U.S. Navy with data from sediment 
analyses to assist in making plans for the design and construction of its 
proposed homeport at the East Waterway of Everett Harbor that would minimize 
possible adverse impacts of disturbing contaminated sediments there. 
Battelle's Pacific Northwest Laboratory sampled sediments in July, 1984 for 
the Corps of Engineers and made suggestions for further study about dealing 
with the contaminated dredged material that would result from the proposed 
construction (UASCOE, 1985)~ 
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Prior t~ their bioaccumulation studies~ Varanasi, et a1: (1985) 
analyzed and reported concentratio~s of aromatic hydrocarbons found in 
Duwamish River Delta sediments. They combined values for aromatic 
hydrocarbons with the same number of benzoid rings and reported the 
following: 

2~ring AHs - .. 600 ppb ± 100 (wet wt:); 3,000 (approx~ dry wt.) 
3-ring AHs - - 2~000 ppb ± 300 (wet wt i); 1 o, 000 (approx; dry wt~) 
4:-ring AHs 6,900 ppb ± 1100 (wet wt.); 34;500 (approx~ dry wt~) 
5-ring AHs - - 5~300 ppb ± 600 (wet wt~); 26,500 (approx; dry wt~) 
6-ring AHs .:.. - 1,400 ppb ± 400 (wet wt~); 7,000 (approx~ dry wt~) 

As in other studies (MacLeod; et al~~ 1982; McCain~ et al., 1982) 
concent.rations of 4-ring ar~atic hydrocarbons - totals of fluoranthene~ 
pyrene, benz(a)anthracene, and chrysene concentrations - are higher in 
sediments than other AHs. 

PAHs in Water and Sediments of Commencement Bay 

Barrick~ et al~ (1985a) detected PAHs in Commencement Bay sediments~ 
with the highest concentration found in the Hylebos Waterway finger of the 
Bay. / 

According to Crecelius~ et al~ (1985) concentrations of aromatic 
hydrocarbons in age-dated sediment cores indicate the period of maximum 
contamination of Commencement Bay sediments was as early as 1900. They 
calculated concentrations of aranatic hydrocarbons to be approximately 1 o 
times higher in bay sediments than in, sediments from nonindustrial sites 
outside the central basin of Puget Sound. 

Malina; et al~ (1985c) and Malins~ et al~ (1984 a & b) reported 
detection of over 900 individual organic compounds in sediments from 
Commencement Bay~ They investigated four urban embayments in Puget Sound 
and four nonurban ones~ Sums of mean concentrations of 25 PAHs (IAHs) in 
sediments for the four "urban embayments • • • were as much as 46 times the 
mean concentration (0~28 ppm) of IAHs in sediments from the nonurban 
embayments ; • • " (Mal ins, et al. 1984a) 

Malina, et al~ (1982) reported that a chromatogram from a single 
sediment sample from Hylebos Waterway, Canmencement Bay revealed more than 
500 aromatic hydrocarbons. When they summed (IAHs) mean concentration of 
their 27 target aromatic hydrocarbons from sediment analyses, they found the 
areas with highest IAHs were in Elliott Bay, [13,000 ppb (dry wt.)] and in 
Canmencement Bay [9,700 ppb (dry wt.)]. 

In the Romberg, et al~ (1984) study, values for low molecular weight 
PAHs in sediments from three southern stations towards Tacoma were 
OOstinctively high. 

Riley, et al. ( 1981) collected samples of water, suspended matter and 
sediment cores from Hylebos and Blair Waterways, located adjacent to 
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Commencement Bay. Most core sections contained PAHs in a range of molecular 
weights, the highest PAH concentrations appearing in one replicate sample 
from a station located in Commencement Bay between the two waterways~ Data 
in this report suggest that organic compounds have impacted these waterways 
in the past 25 years and that neither dredging nor biological degradation 
affect much decrease in the persistence of these compounds in the sediments~ 

Riley, et al. (1980) examined water and suspended matter from nine 
sampling stations located in Elliott Bay, Sinclair Inlet, Budd Inlet and 
Port Madison~ their reference area~ Of these nine the Hylebos and the Blair 
Waterways in Commencement Bay appeared to be the most contaminated with 
organic compounds~ Aromatic hydrocarbons from naphthalene (2~ring) to 
pyrene (4-ring) were present in suspended matter at all stations; higher 
molecular weight aromatic compounds seemed to be site-specific~ They 
identified five or more of nine PAHs on EPA's priority pollutants list in 
suspended matter from each sampling site~ 

PAHs in Water and Sediments of Other Puget Sound Locations 

Sediments from two sampling sites at Mukilteo, Washington, which is on 
Puget Sound not far from Everett, contained substantially higher 
concentrations of aromatic hydrocarbons than sediments from a reference 
site, President Point in Puget Sound~ Aromatic hydrocarbons comprised 7,800 
and 33~000 ppb of the sediments from the two sites - one near a sewer 
outfall and the other adjacent to the fuel tanks (Malina, et al. 1985a). 

Figure 8 of Malina~ et al. (1985c) showed mean concentration of 
chemicals in sediments from various areas of Puget Sound. Values of tAHs 
from Mukilteo are highest, followed by the next highest: Commencement Bay's 
Hylebos Waterway, then the Duwamish Waterway in Elliott Bay, then Everett. 

Krahn (1986) found concentrations of aromatic hydrocarbons in sediments 
from eleven sites in Puget Sound. They found· the highest concentrations 
[310,000 ppb (dry wt~)] in Eagle Harbor. Sediment samples from the 
Duwamish, Clinton_, inner and outer Everett Harbor, Richmond Beach, West 
Point, ~arkeek, President Point, Edmonds, and Useless Bay were also 
analyzed. 

Malina and Roubal (1985) reported the presence of free radicals derived 
from aromatic hydrocarbons in sediments from Eagle Harbor. Mal ins, et al. 
(1985b) attributed high concentrations of aromatic hydrocarbons in sediments 
from the three Eagle Harbor sites they studied to heavy creosote pollution. 
Differences among concentrations from the three sites and "high standard 
deviations in the mean concentrations of individual compounds of these 
sites~ demonstrate ~ : ·• 'patchiness' , of creosote in the harbor." 

When Romberg, et al~ (1984) compared concentrations of toxicants from 
deep ocean water at Pillar Point in the Strait of Juan de Fuca with 
concentrations from Point Jefferson in Puget Sound, they detected very few 
organic compounds~ including some PAHs~ in particulates at either location, 
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and saw even fewer in dissolved water samples~ As most would expect, they 
saw more toxicants in the Puget Sound samples. Ambient water concentrations 
of PAHs (averaging about 55 pptr) wer~ low when compared to lowest reported 
chronic or acute toxic concentrations. 

Riley~ et al~ (1983) found an average of 346 ppb (dry wt.) of PAHs (2-
ring naphthalene - 5-ring perylene) in sediments sampled from southern and 
northern Case Inlet in southern Puget Sound~ 

PCBs and Pesticides in Water and Sediments 

Using their equilibrium partitioning approach on contaminant 
concentrations in Puget Sound, Pavlou and Weston (1984) found among 
synthetic organics only PCBs and DDT consistently exceeded their proposed 
sediment criteria in urban embayments. 

Cline~ et al~ (1979) did not consider pollution a problem in Puget 
Sound at that time, but they did consider monitoring certain variables 
important "to identify and quantify early signs of deterioration" A 
monitoring program would require a good baseline survey. "Monitoring for 
concentrations of pollutants is especially attractive since this approach 
depends only on chemical analytical methodology, which is often more 
reliable and reproducible than biological methods." 

Long (1981) reported that in the Marine Ecosystems Analysis (MESA) 
Project the range of PCBs detected in 42 Puget Sound sediment samples was .5 
- 1~200 ppb (dry wt.). 

Malina, et al~ (1984a) usually found concentrations of PCBs much higher 
in major urban embayment_s than in nonurban ones, but concentrations varied 
within urban embayments. Concentrations of the pesticides lindane, 
heptachlor~ aldrin, a-chlordane, and trans-nonachlor were usually <2 ppb and 
DDT and its derivatives <10 ppb in urban embayments they studied. 

Malins, et al. (1980) summed the concentrations of isomers of PCBs they 
detected in sediment samples from various locations in Puget Sound. Their 
results in order of average PCB concentrations by location follow: 

Subarea ppb (dry wt.) PCBs in Sediments ~----...:....------------Hyle b o s Waterway 500 
Duwamish Waterway 300 
Seattle Waterfront 300 
Outer Elliott Bay 200 
Commencement Waterways 100 
Sinclair Inlet 100 
West Point 60 
Southwest Commencement Bay 40 
Budd Inlet 1 O 
Port Madison 6 
Case Inlet 2 
Brown's Point 2 
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PCBs and Pesticides in Water and Sediments of Everett Harbor~ 
Elliott Bay, and Duwamish Estuary 

Anderson (1985) sampled sediments from eleven stations at potential 
disposal sites in the East Waterway of Everett Harbor. They also. collected 
samples to form six East Waterway native sediment composites. Analysis 
revealed below detection level PCBs (Arochlor 1254) in three of the six 
native sediment composite samples and in two of the eleven samples from 
proposed disposal sites. He reported an average of 11 ppb (dry wt~) in the 
three native sediment composite samples containing detectable levels of PCBs 
and an average of 103 ppb (dry wt~) PCBs. in the nine proposed disposal site 
samples containing detectable levels. The one potential disposal site 
composite that contained the highest value for PCBs only contained 307 ppb. 
Thes.e levels are well below the 61 O ppb found at Fourmile Rock disposal 
site. 

Anderson and Crecelius (1985) reported that concentrations of PCBs 
(Arochlor 1254) were scattered in East Waterway, Everett Harbor sediments. 
Concentrations were highest in the upper region of the waterway around 
loading docks. They found the highest concentration of PCBs [717 ppb (dry 
wt~)] in the top section of the core samples from one of the stations. In 
some other samples Arochlor 1254 was not detectable. 

In Volume I of Battelle, PNL~ 1985 Draft final report of their eight 
.bays study, both Table 18. on page 87 and Figure 29. on page 77 show 
relative rank of PCB 1254 loadings in the eight bays. This implicated 
Sinclair Inlet as the most adversely impacted with PCBs; next was Elliott 
Bay - Fourmil~ Rock, followed by.the other two urban bays: Everett Harbor -
Port Gardner, then Bellingham. The highest concentration found in a 
Sinclair Inlet sediment station was about 1200 ppb (Battelle, PNL, 1985, 
Vol. 2)~ They detected no PCBs in any of the four baseline bays. 

Crecelius, et al. (1984) analyzed in triplicate sediment samples from 
two East Waterway, Everett core samples. They detected less than 10 ppb 
(dry wt~) PCBs (Arochlor 1254) in bottom sections of each core. The highest 
concentrations of PCBs they found was 1610 ppb from the center section (95 -
100 cm depth) of one of their core samples. Average concentration of PCBs 
they discovered in upper and center core sections was 795 ppb (dry wt.). 
These and other chemical data from the two Everett core samples "indicate 
that 20 to 30 cm of contaminated sediments are accumulating per year." 

Malins, et al. (1985c) found the mean concentration of PCBs in 
sediments of Seattle's Duwamish Waterway was >100 times greater than in 
their reference area sediments from Port Madison and Case Inlet. Malina, et 
al;~ 1984a. sampled sediments in four major urban embayments - Port Gardner, 
Elliott Bay~ Commencement Bay, and Sinclair Inlet. They reported highest 
mean concentrations of PCBs (380 ppb) in Elliott Bay sediment samples. 

Data available to Galvin, et al. (1984) showed PCB levels in Elliott 
Bay sediments to be higher than in many other areas of the country. Their 
own reported data included a mean value of 670 ppb (dry wt.) of PCBs in 
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shallow Elliott Bay/Duwamish sediments and a mean of 120 ppb (dry wt~) in 
the deep central basin. They also reported pesticide data in ppb (dry wt.)~ 
Their mean value for DDTs in shallow Elliott Bay/Duwamish sediments was 20, 
and in deep central basin~ <2~ Mean value of other misc. pesticides in 
shallow Elliott Bay/Duwamish sediments was 11 and in deep central basin, 7~ 

Analysis of Four Mile Rock sediment as reported by USACOE (1985) showed 
the s~ of ~CB 1016~ 1232~ 12~2~ 1248, 1254~ and 1260 as 610 ppb and the sum 
of DDD, DDE, and DDT as 7 ppb. 

Malina~ et al~ (1982) reported 540 ±83 ppb (dry wt.~) PCBs in Duwamish 
River·waterway se~iments~ but only 4~2 ±2~9 ppb (dry wt.) in Case Inlet/Port 
Madison sediments. Analysis of water by Pavlou and Dexter (1979) disclosed 
very low (near detection) levels in the Duwamish River and in Elliott Bay. 

In describing spacial distribution of PCBs in Puget Sound~ Pavlou and 
Dexter (1979) noted that generally value~ correlated well with areas of 
increased industrial and municipal activity. For example, they observed 
that water, suspended particulate matter and sediments in the Duwamish River 
Estuary contained the highest PCB concentrations in Puget Sound~ . They 
observed no significant horizontal or vertical gradients of PCBs in most 
regions; but in the Elliott Bay - Duwamish River system they did see 
distinct gradients which _correlated well with the distribution of the 
brackish layer of the river. 

PCB concentrations have increased by a multiple of 13 since 1900. This 
represents the highest nwneric increase among classes of organic compounds 
which were detected in Puget Sound prior to 1900 (Romberg, et al~~ 1984): 
Average of mean values in ppb (dry wt.) of PCBs (Arochlors 1242~ 1248, 1254, 
& 1260) measured in sediments from selected areas by Romberg~ et al. (1984) 
follow: 

East Elliott Bay 474 
NE Elliott Bay/Denny Way CSO 321 
Four Mile Rock (>lOOm deep) 186 
Central Elliott Bay (>100m deep) 185 
South Elliott Bay/Duwamish 163 
Urban Central Basin, off Elliott 

Bay (>1 OOm deep) • ~ • • . • 96 
Urban Central Basin, off West 

Point (>1 oom deep) • • • ~ • 41 
North Central Basin (>100m deep) • 41 
Old North Trunk Sewer Outfall •.• 37 

PCBs and Pesticides in Water and Sediments of Camnencement Bay 

Barri ck~ et al ~ ( 1985 a) found that the sediments 1 n Hyl ebos Waterway 
contained the highest levels of chlorinated organic compounds in their 
project area~ The distribution of PCBs there was patchy "with elevated 
levels occurring throughout subtidal sediments of the waterway." Pesticides 
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such as aldrin, lindane, and DDT that had been previously identified at 
elevated levels in certain areas of Commencement Bay were apparently absent 
or low concentrations were found in samples analyzed this study~ "The only 
pesticide de~ected and confirmed by GC/MS identification was DDT~ • ~ @ 50 
pp b ( 4r y wt.) in the City Waterway sediments of Commencement Bay" (Barri ck~ 
et al., 1985b). 

Av~rage dry wt. conce_ntrations of sums of _chlorinated pesticides 
(lindane, aldrin, heptachlor, -chlordane, nonachlor, and the DDT family of 
compounds) were highest in Commencement Bay sediment samples of subareas 
examined by Malina~ et al. (1980)~ qoncentrations from Hylebos Waterway were 
80 ppb; from·commencement Waterways, 30 ppb; and from Southwest Commencement 
Bay~ 40 ppb~ 

Of eight areas selected by Malina~ et al. (1985c) concentrations of 
PCBs in sediments were highest in Canmencement Bay. Long (1982) reported 
that results of the Marine Ecosystems Analysis (MESA) of Puget Sound water 
and sediments at that stage indicated particularly-high PCBs at the mouth of 
Hylbos W~terway (Commencement Bay). Riley, et al. (1981) also reported 
highest concentrations of chlorinated biphenyls in sediments collected near 
the mouth of the Hyl ebos Waterway~ Mal ins~ et al. ( 1982) report a mean 
concentration of 270 ppb (dry wt~) for PCBs in Commencement Bay sediments. 

PCBs and Pesticides in Water and Sediments 
of Other Puget Sound Areas 

Malins, et al. (1985b) reported relatively low dry wt. concentrations 
of PCBs and other chlorinated organic compounds in sediments from three 
Eagle Harbor sites they sampled (44 ±14, <6 ±3; <5 ppb)~ In southern Puget 
Sound~ Riley~ et al~ (1983) did not find PCBs at measureable concentrations 
at most locations, including Case Inlet stations. Battelle (1985 Draft) 
implicated Sinclair Inlet.as the bay most heavily loaded with PCBs of the 
eight bays in their study. 

PAHs, PCBs, and Pesticides in Biota 

Interest in levels of organic contaminants in sediments and water is 
unjustified if these organics do not accumulate or bioconcentrate in tissues 
of aquatic biota and perhaps affect them in some way that might eventually 
affect human health, or economic well-being. You will find evidence of 
these relationships discussed in a large number of the studies listed in the 
attached annotated Puget Sound bibliography. 

Presence of organic contaminants in tissues of Puget Sound organisms is 
well documented. PAH and PCB concentration data gathered from sampling and 
t~ssue analysis in a number of Puget Sound studies is given in Tables 1 and 
2. 
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Table 1. PAH~ PCB an~ pesticice oonoentratialS in Puget Sa.ind invertetrates in 
ppb (cry wt.). 

Orf7pl'lisn PAH PCB Pesticice Sarre 

Clan 
D\.wanish WatErWay 5, 300 ( l:AH) 312 .4** 2. 

1,ax> ff 1,300 tndetectable** 
Hyleba3 Wata'Way 5,100 " 874 10** 

1,300 ff 340 130** 
Case InletlPat Madison . 1()0 " 24 undetectable** 

1ro undetectabl fir* 

Clan 
Dt.wanish WatErWay 4, ~ (3-5 ril'\g) 3X) .• 4** 4. 
Hylebce Waterway 1,CXX> " 300 13)** 
Pat Madisoo 2)Q II 20 <.3** 

Shrinp 
J:ulanish WatErWay 720 (l:AH) 2,100 2** 2. 
Hylebce Waterway 1,300 ff 3,8CX) 00** 
case InletlPat Madison 1:D II 300 1** 

1,:00 " 134 mdetectable** 
Crab tepatopan~ 

DlJtlallish WatErWay 2,000 It 32,000 30** 
Hylebce Waterway 1,~ " 28,CXX> 18CO** 
case Inlet/Pert Madisoo 15 " 400 2** 

Wain 
Duwanish WatErWay 7,400 " 1,000 2** 
Hylebce Waterway 17,CXX> " 1,220 11«)** 

1,200 " 300 370** 
Case Inlet/Pat MadiSCJl 200 II 1~ \Jldetectable** 

Shrimp 
Dl.Manish WatErWay 9JO (3-5 ring) 2,100 2** 4. 
Hylebce Waterway 1,200 ff 3,000 00** 

,. case InletlPert Madisoo 1~400; 100 " 100; 300 <.3; 1 

Crab tepatopan~c6 
Duwanish WatErWay 9JO (3-5 rit8) 33,000 30** 4. 
Hylebce Waterway ~ II 28,000 1, &:x:>** 
case Inlet utdetectable lK)Q 2** 
Sinclair Inlet 200 (3-5 ring) 4,200 2** 

Worm 
Duwanish Waterway 6,:00 II 1 ~000 2** 
Hylebce Waterway 8,-400 " 800 2£:D** 
Pert Madisoo 2)Q " 200 <1** 

Crab tepatopancres 
Duwanish Waterway 32,000 3. 
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Table 1. Cmtirn.ed: 

Orgmisn PAH PCB Pesticice 

Zoopla'lktai am benthic shrimp 
D..wanish Ri VS' . 1'00 (3-5 ring) 2,05) 
Hylebcs Wate1WcW 1,210 H 3~054 
Sinclair Inlet 5n " 600 
Case Inlet 1~300 " 
case Inlet/P~ Madison 219 

Crab, edible tisst.e 
Ellicxt Bay €00* 375* 25* (IDT) 

looplaikton, lipid 
Elliott Bay 6,790 

Zooplcllktal 
Elllcxt Bay 6,8)() ± 3,100 
Sinclair Inlet 16~000 ± 7,0CIJ 

1 ~ Ranb~g et al~ 1984. 5. Dext~ et al~ 1981 ~ (based ai data fran 
2~ Mal.ire et al. 1982. Malira et al. 1980. ) ~ 
3~ L~ 1982. 6~ Cline et al. 1 <J79. 
4~ Malim et al. 1980. 7. Pavlai and Dexta". 1<J79. 
* Wet weight oonverted to cry weight. Dry wt~ = ~20 (wet ·wt.). 
** mxadll.O"'obalzale 
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Table 2. PAH, PC3 ~ pa:3ti.cl.ce ooncentrati.ons in Puget Sotnd f!nfish in 
ppb (dry wt.). 

Or~sn PAH PCB Pesticid9 

English sole, li\'et" 

MukiltEo mcetectable 3~400 
Presl. dent Pt. 68 (napthal.ee) 1,000 

English sole~ 11 \'et" 

Eagle Hartx:r. gr (10, 2-3 ring) 1,100 
PrEs1d9nt Pt. 68 (napthalene) 1,000 

English sole~ mLBcle 
Hyleboo WatEf'Way mcetectable 3,400 170 ± 130** 
Dtwanish WatE!'Way uncetectable 4,8:x> ± 3,400 8± 9** 

English sale, ll ver 
Hyleboo WatE!'Way uncetectable 39,000 1, 100 ± 520** 
Dtwanish WatE!'Way uncetectable 47~000 ± 25,000 . 35 ± 17** 
Case Inlet/Pa-t. Madison mcetectable 2,300 ± 700 10 ± O** 

English sale~ 11 ver 
Hyleboo WatEf'Way 675 (I:AH) 14,000 1, 735** 
Dt.5la1Dish Waterway mdeteotable 12,500 10** 

Eqtlish and Rock sole Olllp:site livers 
Hylel:x:6 WatErway lK)() (3-5 ring) 11~000 ~** 
Dt5lalDieh Waterwcw 100 " 17.,000 5** 
Case Inlet ~ " 1,100 7.5** 

English sale, 11 Vf!r 

Dl.wanish Waterway 35,000 

English sale~ bile 
Iulanish WatEf'Way 1,400 ± 2~200 (BaP) 
Eagle Hartx:r 2~100±1,:00 " 
Everett !mfr h9rtx:r 520 ± 410 " 
Everett cute" h9rtx:r ZTO ± 2'20 " 
PreiCBlt Pt. 100 ± ~ II 

Useless Bay 67 ± 45 " 

English sole, 11 ver 
Dl.wanish WatEf'Way 17,9)() 

English sole, 11 Vfr 

Duwanish River 110 (3-5 ring) 35,~ 
Hylebcs Waterway 4~ " 15,140 
Case Inlet ~ ± 490 1,000 ± 3830 
Sinclair Inlet net quantifiable 8,550 

English sole, bile 
Dt.Wanish ~6 (sane metabolitre) 
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Table 2. Contim.ed~ 

OrpPnisn PAH PCB 

Sole, edible tissue 
Ellictt Bay mdetectable 58* 

Co:i, edible tisste 
Ellictt Bay tncetectable 35* 

Salmen, ed1 ble tisst.e 
Ellictt BAY 94* Z70* 

~ish sole, muscle 
Hyleoce Wata"Way 1,600* 
Carme1oement Bay@ Tacara 535* 

1 ~ Barrick et al~ 1985b. 
2~ Mal.ins et al~ 1985a~ 
3~ Malim et al·~ 1985b~ 
4~ Krain et al. 1985~ 

1: Burr~ et al. 1983~ 
a: Mal.ire et al. 1982. 

9~ Laig 1982. 
10~ McCain et al: 1982~ 
11 ~ Mal.1113 et al. 1980. 

P83ticice 

1 :4* (IDT) 

1 ~2* (DDT) 

2:6* (DDr) 

tD1cetectable 
tndetectable 

5~ Hanberg et al~ 1984 ~ 6: Mallns et al·. 198lta~ 12. Dexta-- et al~ 1981 ~ (based en data fran 
Malil'B et al. 1980.). 

* Wet weight oonverted t.o cry·weight°. Dry wt. = .20 (wet wt~) 
** :texachl~obenzene 
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Investiga'tors have conducted bioaccumulation studies using sediments 
from various Puget Sound areas with a variety of organisms. Anderson and 
Creceli~s (1985) placed the top section of sediments from their East 
Waterway, Everett Harbor stations in aquaria along with clams~ Macoma 
inguinata; in som_e aquaria they placed mussels, Mytilus edulis~ on racks 
above the sediment. Their control aquaria contained·sequim Bay sediments~ 
Nine of the ten ~ussels_in the tank containing the highest PCB concentration 
(717 ppb, dry wt.) died. Anderson (1985) in discussing results of this same 
bioaccumulation· study reported that PAH levels were not magnified above 
sediment leve~ by the clams~ but one mussel did appear to show 
bioaccumulation. 

Anderson (19.8?) also described a second phase of bioaccumulation 
testing for the U.S. Navy's consideration in planning a homeport facility in 
Everett Harbor~ This experiment lasted 21 days~ eight days longer than the - . 
earlier one, and results, all reported as dry wt., did indicate 
biomagnification of PAHs by clams in control sediments (from 200 to 16~130 
ppb) and in four of six Everett Harbor composite sediment samples (from 
1;000 to 254~800; 2~020 to 5,010; 5,890 to 36,090; and from 5,860 to 19;540 
ppb) ~ PCB levels were lo~ in control sediments and in most experimental 
composi~e samples as well, but biomagnification of PCBs by clams was 
evident, though in most sediments just barely. The mussels, however, 
clearly exhibited bioaccumulation of PCBs~ In all six Everett Harbor 
composite sediments mussels accumulated much higher PCB levels than 
surrounding sediments: 

PCBs in sediments= < 1 ppb 
< 1 ppb 
< 1 ppb 

12 ppb 
12 ppb 
9 ppb 

PCBs in mussels 1410 ppb 
1420 ppb 

470 ppb 
70 ppb 

1800 ppb 
1490 ppb 

Results also showed biomagnification of PAHs by mussels in control 
sediments and in four of six experimental composites: from 7,000 ppb in 
sediment to 20,740 ppb in mussels; from 3,570 to 16,910; from 2,020 to 
20;830~ and from 5,860 to 87~950 ppb in mussels~ 

Malins~ et al. (1982) demonstrated bioaccumulation of aromatic 
hydrocarbons and PCBs in clams. They moved clams from a relatively non­
polluted area to cages buried in the Hylebos Waterway. The concentration of 
these contaminants not only increased over clams from the non-polluted area 
[concentration of EAHs in caged clams~ 15,000.ppb (dry wt~); concentration 
of EAHs in clams from the same non-polluted area, 970 ppb (dry wt.)] but 
concentrations "in the caged clams were similar to mean concentrations in 
the sediments" (Mal ins~ et al., 1984c) 

Results of the Varanasi, et al. (1985) study show accumulation of PAHs 
by invertebrates exposed to Duwamish River delta sediments: 
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2-ring 
3-ring 
4-ring 
5-ring 
6-ring 

Sediment 

3000 ± 100 
10000 ± 1650 
34500 ± 5500 
26500 ± 3000 
7000 ± 2000 

Clams 

trace 
215 ± 70 

2700 ± 285 
1400 ± 60 
215 ± 35 

Amphipods 
Eohaustorius Rhepoxynius 

washingtonianus abronius 

trace; 
480 ± 25 

18000 ± 950 
4600 ± 600 
not detected; 

not detected 
400 ± 30 

7000 ± 1200 
950 ± 750 
not detected 

Concentrations are shown in ppb (dry wt.), converted from Varanasi, et al. 
(1985) using dry wt~ a .20(wet wt.). 

William L. Reichert (Personal interview, June 26, 1985). described the 
experimental set up for this bioaccumulation study (See Figure 3) and 
discussed some of his thoughts concerning results of this and similar 
studies~ He noted that various PAHs are bioavailable to differen~ degrees 
and that species, even the two amphipod species they used, handle 
benzo(a)pyrene in different ways. 
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Investigators have studied the transport of aromatic hydrocarbons from 
sediments to finfish in Puget Sound and have either not detected the 
chemicals in the fish livers from areas containing polluted sediments~ or 
have found them only in trace amounts (Malins~ et a1.; 1985c; Malins, et 
al., 1984c; Malins, et al.~ 1982; McCain, et al~, 1982)~ They 
hypothetically attributed this to the well known fact that aromatic 
hydrocarbons readily convert to metabolites in fish livers. 

Malina and Roubal (1985) reported the occurrence of free radicals in 
bottom-dwelling fish from creosote-polluted Eagle Harbor~ Their study 
supports the possibility that free radicals from aromatic hydrocarbons may 
be present in liver and bile of English Sole from organically polluted 
environments; "however, proof of their presence has thus far not been 
obtained." 

Roubal and Malins (1985) studied English Sole from the highly polluted 
Duwamish River and found free radicals of xenobiotics in liver microsomes of 
some. 

Malins, et al. ( 1984c) commented that "metabolism of the parent AHs or 
nitrogen heterocycles by fish limits transfer of these compounds further 
through the food chain; however, the potential for transfer of metabolites 
is largely unknown~" Then Malina, et al. (1985a) reported their study of 
adult English sole captured near Mukilteo and from President Point. They 
found a higher concentration of aromatic hydrocarbons in the stomach 

·contents of fish from Mukilteo than in those from President Point, and they 
found concentrations of BaP-like and naphthalene-like metabolites in bile 
from Mukilteo fish to be significantly higher than concentrations in 
President Point fish. The authors offered their results as documentation of 
"a dietary route of uptake by English sole of environmental chemicals, 
including known carcinogens". 

Malins et al. (1982) noted that chromatograms of aromatic hydrocarbons 
from biota were less complex than those from sediments in their environment. 
They identified fewer than 12 aromatic hydrocarbons in biota and as many as 
500 aromatic hydrocarbons in sediments. Some marine organisms may take in 
aromatic hydrocarbons and quickly metabolize them to compounds which have 
more toxic effects. 

McCain, et al. (1982) studied English sole and starry flounder in the 
Duwamish Waterway and in other estuaries in Puget Sound and found that 
concentrations of PCBs in liver tissues clearly corresponded to 
concentrations in sediments where the fish were caught; but they did not 
find that aromatic hydrocarbon levels in the fish corresponded with sediment 
levels. 

Effects of Organic Contaminants on Populations 

Several studies have examined the possible effect of organic 
contaminants on species population and diversity, especially for benthos in 

34 



Puget Sound (Barrick~ et al.~ 1985 a & b; Battelle~ 198~; Chapman, et al., 
1984a; Caniskey, et al~~ 1984; Long, 1982; Malins~ et al., 1982; Malins, et 
al~~ 1980; Pavlou, et al~~ 1982; s·tober·and Chew, 1984; Swartz, et al.~ 
1982; Wingert~ et al~ ~ 1976; Word~ et al~ ~ 1984) ~ 

Barrick~ et al~ (1985 a & b) collected 119,095 benthic 
macroinvertebrates of 407 spe·cies from 56 stations in nine study areas of 
Commencement Bay~ The polychaete worm~ Tharyx multifilis~ and the clam, 
Axinopsida serricata accounted for 59% of all benthic organisms collected. 
The next most abundant taxo~omic groups were nematode worms and crustaceans~ 
mainly amphipod qrustaceans. In two reference type areas, Carr Inlet and 
the Ruston - Pt. Defiance Shoreline, numbers of species tended to be higher 
and total abundances lower than in the other seven study areas. Within the 
waterways of Canmencement Bay there were lower numbers of species and higher 
number of individuals~ with enhanced abundances (dominance) of a few species 
- a situation indicative of an environmentally stressed area. Two stations 
in this study were nearly devoid of ~enthic invertebrates. Their depressed 
abundances indicated severe stress. One of these stations was the closest 
one to a smelting plant located along the shore near Ruston since the 1800s. 
The slag generated f~om this plant contains high concentrations of arsenic 
and other toxic metals. The other nearly abiotic station was located at the 
mouth of one of the waterways of Commencement Bay, St. Paul Waterway, at the 
site of the Champion International pulp mill. Again the authors chose a 
metal, i_n this case copper, as a likely contributing factor to the absence 

.of fauna. In summarizing results of their studies in Commencement Bay and 
nearshore tideflats~ Barrick (1985b) noted that within the waterways organic 
content and grain size of sediments have a great deal of influence on 
benthic community structure. 

Swartz~ et al. (1982) sampled from several sites in Commencement Bay 
and its associated waterways and at Browns Point, on the edge of the mouth 
of the Bay~ to study amphipod distribution there~ They found spatial 
differences in_amphipod species composition, particularly in the family 
Phoxocephalidae. Members of this family are small, burrowing infauna! 
organisms~ Phoxocephalid amphipods were completely absent from all sampling 
sites in Commen~ement Bay waterways and at Browns Point, but were ubiquitous 
out in the Bay. Total amphipod density and species richness were lower in 
the waterways than in the central Bay. 

Battelle, Pacific Northwest Laboratory's (1985) eight bays study found 
a total or 2,941 benthic infaunal organisms of 120 species at 48 stations. 
Species richness, abundance, and encounter index were strongly correlated 
with grain size of the sediments, so they could only compare infauna from 
urban and rural bays within sediment type. Poor community structure was 
more associated with depth and clay content than with contaminant 
concentration~ They found high organic carbon levels in all sediment types 
where infauna were dominated by "organic enrichment opportunists." Three of 
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the four baseline bays were characterized by higher mean species richness 
than the other baseline bay and the four urban bays~ Of the urban bays 
Everett Harbor (Port Gardner) had the lowest species richness value and 
highest value for number of individuals~ Case Inlet, one of the baseline 
bays in this study~ and Elliott Bay at Fourmile Rock~ an urban bay~ had low 
species richness values as well as low values for number of individuals~ In 
each bay polychaete species were the dominant group as a percentage of the 
mean number of species per station~ Battelle ranked the eight bays in order 
as follows along a baseline-urban continuum based on species richness~ 
abundance and encounter index results: 

1 • Sami sh Bay 
2. Sequim Bay 
3. Dabob Bay 
4. Sinclair Inlet 
5. Everett Harbor (Port Gardner) 
6. Elliott Bay (Fourmile Rock) 
7. Bellingham Bay 

They ranked Case Inlet eighth (last) because of its sparse infauna, even 
though they considered it one of the baseline bays for this study. 

Chapman, et al~ (1984a) chose benthic samples collected by NMFS from 12 
stations in three urban bays and two rural ??ays, and EPA samples from seven 
stations in the Commencement Bay waterways, and METRO samples from four 
stations in Elliott Bay for taxonomic ana~ysis based on similarities of 

-depth and sediment texture at the 23 stations. Results fran calculation of 
the Index of Benthic Degradation [simplified from J. S~ O'Connor's index 
(0' Connor~ unpublished report) to reflect use of samples only from similar 
depth and sediment ~exture.]* indicated that the urban samples were 
significantly degraded. "Bent hi c comm uni ti es in urban embayments were 
characterized by a high proportion of polychaetes and mollusks, a low 
proportion of arthropods an~ echinoderms and the virtual absence of 
sens! ti ve amphipod families. The reverse situation existed in the rural 
embayments~" Multi-variate statistical analyses of the benthic community 
data ind! cated that the Case Inlet reference area was more similar to the 
urban embayments than to Samish Bay, the other reference area. 

* "1 = antilog (f )x(F )xE[(ni)log(6 + O.OS/Pi )] c c re where f is the fraction of the total representative taxa that show 
significa°nt population differences between control and study areas, F is 
the fraction of Phyla that contain taxa that show significant population 
differences between areas, n. are the number of taxa that show significant 
population differences betwe~n areas at a selected confidence level and P1 is the probability that differences are not significant (one minus chi 
confidence level). Representative taxa are those present in sufficient 
abundance frequency to allow reasonable analysis of spatial differences in 
their distributions." (Chapman, et al.~ 1984a) 
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The primary emphasis in the Comiskey~ et al~ (1984) study for METRO 
focused on using benthic community structure as an evaluation of biological 
effects to determine whether or not a toxicant related problem existed. 
They selected two study sites, each near a known source of toxicant input -
one near the West Point Treatment Plant outfall where primary treated 
effluent is discharged into Puget Sound~ and the other located along the 
Elliott Bay waterfront near the Denny Way combined sewer overflow (CSO), the 
largest CSO along Elliott Bay: They chose sampling stations at various 
distances from the input source: In the final stage of these benthic 
studies they identified taxa, pollutants~ and other variables during both 
the wet and the dry season of year at 26 stations~ These investigators as 
others previously mentioned noted that sediment grain size and depth were 
major natural factors which appeared to be controlling community structure~ 
T~ey also noted that these two factor.a were themselves strongly related~ 
i.e. finer sediments are in deeper areas. Community structure data analysis 
indicated that t~e Denny Way CSO was unquestionably detrimental to organisms 
near the outfall, but this CSO did ~ot appear to substantially contribute to 
burdens in the rest of Elliott Bay. The values for community parameters at 
all stations in Elliott Bay were lower than values at comparable depths i~ 
the central basin. One taxonomic group which included the polychaete worm, 
Capitella capitata, an indicator of organic enrichment, showed a preference 
for stations nearest the Denny Way CSO, while taxa which included a 
sensitive amphipod family seemed to avoid the same stations. The West Point 
outfall ~id not appear to strongly influence benthic communities in its 
vicinity. They could explain most trends obse~ved near West Point as 

·responses to envirorunental conditions unrelated to pollutant levels. 

Malina; et al. (1982) reported the average highest species richness 
values for sediment-dwelling ~nvertebrates in th~ MESA Puget Sound Project 
at Port Madison and West Point, reference areas. ·They found the lowest 
values in the urban areas Hylebos Waterway, and inner portions of the urban 
associated areas, as Budd Inlet. They procured data concerning species 
composition from sampling 37 stations quarterly in 1979 and twice in 1980. 
Malins~ et al~ (1980) reported consistantly low species richness values for 
infauna! invertebrates from the Duwamish Waterway. 

Pavlou~ et al~ (1982) investigated impacts of open-water disposal into 
Elliott Bay of dredged material contaminated with elevated PCB 
concentrations~ In summarizing their biological results they stated that 
particular taxa in close proximity to and within the dredge material 
disposal site may have higher abundances. They also found that stations 
close to the disposal site were more similar to each other than to more 
distant stations. Their reported preliminary data indicated the dredged 
material and its associated PCBs was stable and no major long-term impact 
was apparent. 

In 1982 it became necessary to expand the Renton Sewage Treatment Plant 
to meet ·the needs of increased population in metropolitan Seattle. 
Secondary effluent had been discharged into the Duwamish River, but that 
policy had to be changed to comply with water quality standards required for 
the Duwamish River~ The municipality of metropolitan Seattle (Metro) 
conducted the "Renton Sewage Treatment Plant Project: Seahurst Baseline 
Study" (Stober and Chew~ 1984) to collect ecological data useful in 
considering Seahurst Bay, located due west of the Renton Sewage Treatment 
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Plant, as a new outfall site for the effluent from the plant~ Before 
completion of the planned three year study, the METRO council decided to 
change t}?.e new o~tf all site to Duwamish Head in outer Elliott Bay~ During 
the st_udy, however, M~tro ob~ained useful information about central Puget 
Sound. In the Word, et al.'s (1984) subtidal sediment study they observed 
greater abundance and fewer species of benthic infauna in areas with greater 
organic loading to sediments~ In such areas they predicted two pelecypod 
species were likely to increase in abundance, while abundance of echinoderms 
and certain arthropods would decrease~ They saw seasonal trends. The 
maximum number of species occurred in summer months; the greatest abundance 
occurred in late fall and early winter~ They also noted a temporal trend. 
They compared numbers of species and numbers of individual organisms in this 
curren~. study to recorded results from a 1969-70 study conducted by F ~ L. 
Nichols. "More species and more individuals are present in· the system now 
than were there fift~~n yea~s ago." Results of this study agreed wi~h 
others (Barri ck, et al., 1985b.; Battelle, 1985; Chapman, et al., 1984a.; 
Comisky~ et al~~ 1984) in considering substrate type a primary factor 
accounting for differences in community structure. Analysis from the 
Seahurst Study gave more importance to habitat type than to geographic 
location or season in explaining differences among samples in species 
composition and abundance: 

In the MESA Puget Sound Project (Long~ 1982 and Mal ins, et al., 1982) 
unexpected results showed highest fish abundance~ species richness and 
species diversity in Elliott and Commencement Bays, the most contaminated 
.bays studied: Malina, et al~ (1982) noted that these two are estuarine bays 
being compared to inlets and open bays. 

Wingert~ et al~ (1976) investigated the ecology of demersal fishes near 
METRO~operated sewage outfalls and in the Duwamish waterway~ They used one 
site~ Point Pully~ which lacked an outfall and was considered nonstressed, 
Point Pully, was used as a "control" site. They observed that generally the 
standing crop and species richness were highest at Point Pully. Starry 
flounder~ English sole~ Pacific staghorn sculpin, longfin smelt and snake 
prickleback were among species predominant in the Duwamish waterway. 

Effects of Organic Contaminants: Abnormalities in Fish and Invertebrates 

A number of studies have included a look at the prevalence of 
incidences of fish or invertebrate abnormalities in various Puget Sound 
areas to see if there is a a significant correlation between this prevalence 
and the level of organic or general pollution in the area (Barri ck, . et al., 
1985 a & b; Battelle, 1985 Draft Final Report; Dexter, et al., 1981; 
Gronlund~ et al., 1983; Krahn~ et al., 1986; L~ng, 1982, 1981; Malina, et 
al~~ 1985 a, b~ c, 1984, 1984 a & b, 1983, 1982, 1980; McCain, et al., 1982; 
Wellings~ et al~, 1976; Wingert, et al., 1976). According to Dexter, et al. 
(1981) ~ "Past research has documented the existence of 
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histopathological abnormalities in biota of subregions of Puget Sound 
receiving considerable toxicant loads~" 

Battelle, PNL's (1985 Draft) final report, discusses prevalence of fish 
and shellfish dise~se in relation to physical and chemical properties of 
associated sediments. They found two types of lesions only in shellfish 
from two urban bays. In Bellingham Bay and Elliott Bay at Fourmile Rock 
they found two shrimp·species with degenerative disorders in their antennal 
gland and Du~geness crab with degeneration/membrane lysis in the 
hepatopancreas. They did not find these abnormalities in any of the other 
six bays studied. 

In Battelle's same study they collected 138 English sole and 83 Dover 
sole from Everett Harbor/Port Gardner, Elliott Bay/Fourmile Rock, Sinclair 
Inlet, Case Inlet, Eliza Island (west of Bellingham Bay), and in Elliott Bay 
at Duwamish Head and West Point. Prevalences of liver, kidney, and gill 
lesions in English sole from Sinclair Inlet were highest, but were low in 
Case Inlet (compared to other urban bays including the Duwamish waterway). 
They did not detect these lesions in sole from Eliza Island. 

According to Long (1982), "The frequency of liver lesions in fish, and 
gill and antenna! gland disorders in crustaceans, appeared to be greatest in 
areas with high contaminant concentrations (Elliott Bay, Commencement Bay)". 
He further reported the positive correlation (p~0.01) of frequency of 
"preneoplastic" lesions in English sole with high aromatic hydrocarbon 

. concentrations in sediments. 

Long (1981) discussed results of research supported by the MESA Project 
in which 2,951 fish and 618 invertebrates were examined for gross and 
microscopic abnormalities. The most common abnormalities were in livers of 
fish and in hepatopancreas of crustaceans. Percent incidences of 
abnormalities were higher in industrialized waterways and waterfronts than 
in outer bays or reference areas. 

Gronlund, et al. (1983) reported that of 66 English sole collected from 
Everett Harbor for the Port Gardner Bottomfish Survey, 70% had at least one 
type of liver lesion. One of the most serious types of liver lesions found 
were.neoplasms (tumors~ 12%). English sole from Port Madison, a reference 
area, were virtually free of this liver disease. 

Dr. Donald Malina, Director, Environmental Conservation Division, 
Northwest and Alaska Fisheries Center, NMFS, NOAA, addressed the Puget Sound 
Water Quality Conference held Sept. 30 and Oct. 1, 1983 in Seattle 
explaining much that was known about organic and other pollutants, their 
sources and their effects on marine life in urban embayments of Puget Sound. 
He spoke of the conversion of aromatic hydrocarbons to potentially toxic 
(some carcinogenic) substances by environmental processes and through 
metabolism inside animals (including fish). He pointed out that "tumors, or 
liver diseases in general, exist in fairly high frequencies in the polluted 
industrial areas such as Commencement Bay, Elliott Bay, and the Everett 
Harbor". He also said~ "You don't find high frequencies of the lesions in 
the so-called 'clean' areas, Port Madison .. , and Case Inlet .• ".(Malina, 
1984) ~ 
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Malins also commented about shellfish noting that sometimes they find 
quite·a high frequency of disease in crabs in polluted areas, but they also 
find diseased crabs in areas with no obvious pollution~ So~ there seems to 
be more of a mystery surrounding the possiblity of implicating organic 
pollutants in crustacean abnormality than in fish abnormality~ 

Barrick et al~ (1985 a & b) reported that lowest English sole lesion 
prevalences were at reference sites; highest were in the waterways of 
Commencement Bay; ~ntermediate prevalences were along the Ruston-Pt~ 
Defiance Shor,eline. They found no hepatic neoplasms in English sole from 
the Ruston-Pt. Defiance S~oreline or from Carr Inlet, but they did find them 
in every other study area. 

Malins~ et al~ (1984a) examined bottom dwelling fish from four urban 
and ~our nonurbarr embayments for a~normalities and noted that most lesions 
were in the liver, kidney, and gills. The highest prevalences of hepatic 
neoplasms were in English sole from the Duw~mish Waterway and from the 
eastern, Port Gardner subarea of Everett_ Harbor. Prevalences for Rock sole 
were not as high as for English sole, but highest prevalence of hepatic 
neoplasms in Roe~ sole were found in subareas in Everett Harbor and in the 
Hylebos Waterway. 

Malins~ et al~ (1985a) found high prevalences of liver lesions of 
unknown cause~ including 7.5% hepatic neoplasms, in English sole from waters 

. near Mukilteo where potential sources of pollution include a major fuel 
storage depot,.a ferry terminal, an abandoned boat ramp, and a municipal 
sewage outfall. Sediments contained high concentrations of aromatic 
hydrocarbons there and fish bile contained high concentrations of 
metabolites of aromatic hydrocarbons. They found no hepatic neoplasms in 
English sole from President Point where very low background levels of 
organic contaminants exist in sediments, though they did find some other 
types of hepatic lesions ther.e. 

Findings from Krahn, et al. (1986) provided further evidence of the 
putative relationships between aromatic hydrocarbons and serious idiopathic 
liver diseases in English sole. They measured concentrations of metabolites 
of aromatic hydrocarbons in bile of sole from eleven Puget Sound sites (two 
had no known anthropogenic source of contaminants). Using the Spearman's 
rank correlation procedure, they found a significant positive correlation (p 
£Sa 0~0125) between prevalence of total hepatic lesions and the concentrations 
of metabolites of aromatic compounds in fish bile. 

Dr~ Sin Lam Chan (Personal Interview~ June 26, 1985) spoke of good, 
strong~ but n~t absolute evidence of a relation between PAHs and fish 
abnormalities. He used as an example Eagle Harbor where creosote is 
apparently the only source of PAH pollution. There about 30% of the fish 
sampled had liver tumors; yet no tumors were found in fish from many 
reference areas sampled. The mean concentration of metabo~ites of aromatic 
compounds measured in bile of Eagle Harbor fish was.2,100±1,500 ppb and only 
100±89 ppb for President Point fish (Malins, et al., 1985b). 
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Malina et al. (1985c) reviewed research results concer~ing the nature 
and prevalence of liver neoplasms in demersal marine fishes. They observed 
that in almost all cases hepatic neoplasms were reported in fish from urban 
waters and not in fish from nonurban Puget Sound waters~ They cited high 
prevalences of hepatic neoplasms found in English sole from the following 
areas: 

Everett Harbor~ 12% (n ~ 66) 
Duwamish Waterway~ 8~2% (n = 537) 
Muktilteo~ 7~5% (n = 66) 

Malina~ et al~ (1985c) also reviewed studies showing statistical 
analyses comparing chemicals in Puget Sound sediments with prevalence of 
hepatic lesions in English sole. Prevalence was positively correlated with 
sediment concentrations of aranatic hydrocarbons and metals (Malina et al., 
1984a~): Malina, et al~ (1984b) found positive correlations between the 
frequencies·of liver neoplasms and other liver lesions in English sole and 
concentrations of aromatic hydrocarbons in.sediment. They did not find such 
correlations with chlorinated hydrocarbons. 

In another study of liver lesions of unknown cause in English sole~ 
Malina~ et al: (1983) found that most liver samples contained multiple 
lesion types~ 51 of 54 sole with such lesions were from the highly polluted 
Duwamish River and Canmencement Bay sites. These idiopathic liver lesions 
were in all fish examined from Commencement Bay, but were not in fish from 

.the non-industrialized embayment of Meadow Point. 

Malina, et al~ (1982) captured and examined crabs and shrimp for 
grossly visible and microscopic abnormalities. They found histopathological 
lesions most frequ~ntly in the hepatopancreas, the antennal glands, the 
gills and the midgut. They considered these lesions to be of unknown cause. 
Only the crab gill lesions were externally visible abnormalities. 
Crustaceans with some of these lesions were common in urban areas, but they 
captured t~o few animals to statistically analyse the significance of this 
observation. 

In the same investigation English sole examined most commonly either 
had lesions associated with infectious agents or had lesions caused by 
unknown factors. They either found the lesions of unknown cause only in 
fish from urban embayments, or they found the idiopathic lesions most 
prevalent in these areas. Three main types of lesions of unknown cause seen 
in the English sole were liver neoplasms, "preneoplastic" lesions, and 
necrotic liver lesions. The first two types were most prevalent in the 535 
Fish from Seattle's Duwamish Waterway and in the 573 fish in Tacoma's 
Waterways. Specific necrotic liver lesions were most prevalent in the 
Duwamish Waterway (18% of the 535 fish) and along Seattle's waterfront (20% 
of 161 fish). They used two statistical methods to evaluate possible 
relationships between prevalence of English sole with these types of lesions 
and chemical composition of sediments in their environment. Results of 
cluster group analysis showed an apparent association between prevalence of 
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these lesions and sediment concentrations of metals and aromatic 
hydrocarbon~. Results of the Spearman rank correlatio~ supported this 
association. Prevalence of two types of idiopathic lesions, liver neoplasms 
and specific necrotic lesions was positively correlated (p~0~05 significance 
level) with metal and aromatic hydrocarbon concentrations in sediments. 
Prevalence of English sole with "preneoplastic" lesions was positively 
correlated (p~0~01 significance level) only with aromatic hydrocarbon level~ 

In the earlier study~ Mal ins~ et al~ ( 1980) ~ concluded that results 
supported the hypothesis that "the hepatic lesions found in this study were 
caused or enhanced by _exposure of fish to one or more toxic chemicals found 
in their environment". 

McCain~ et al~ (1982) reported prevalence of English sole with 
"pren·eoplastic" and/or neoplastic lesions were 20~5% ( 113 of 551 fish) for 
the Duwamish Waterway and 20~4% (10 of 49 fish) for Lake Washington Ship 
Canal~ The prevalence of English sole with liver neoplasms was 12.9% (71 of 
551 fish) for the Duwamish Waterway and 8~4% (4 of 49 fish) for Lake 
Washington Ship Canal. Prevalence of starry flounder with liver neoplasms 
in the Duwamish Waterway was considerably lower than that of English sole~ 

Wellings, et al~ (1976) studied f~n erosion disease of starry flounder 
and English sole in the Duwamish River. They suggested that fin erosion 
incidence is related to an interaction between genetic constitution, a 
variety of chemical pollutants and other environmental variables. Wingert, 
.et al. ( 1976) also communicated ideas arising from an investigation of fin 
erosion disease of demersal fishes. Observation of the pr~gression of the 
disease suggested that it is not caused by a microorganism. Observation of 
most frequent occurrance of the disease on fins closely associated with the 
sediment suggested that the causal agent is in the sediment. They also 
observed that large numbers of starry flounder from the Duwamish River 
suffering from fin eriosion had livers with an abnormal color. Histological 
examination ~evealed that the abnormal color was a gross indicator of liver 
pathogenesis. 

Sediment (and Water Column) Toxicity: Canmencement Bay 

In a number of recent studies (Barrick~ et al.~ 1985a. & b.; Chapman, 
et al.~ 1985; Chapman and Fink, 1984; Chapman~ et al., 1984a.; Chapman, et 
al~~ 1983, 1982; Long, 1984, 1983; Swartz, et al., 1982) investigators have 
studied toxicity of Commencement Bay sediments. 

In Barrick, et al. (1985 a & b) one test to evaluate the relative 
toxicity of Canmencement Bay sediments was an amphipod mortality bioassay. 
Using sediments from 52 stations, they measured direct lethal response an~ 
compared toxicity of these sediments to toxicity of Carr Inlet sediments. 
Mortalities in sediments from 18 test stations from locations in every 
waterway~ and in Ruston, and Tacoma were significantly different (p~0.05) 
from Carr Inlet samples~ Mortality ranged fran 20 to 100 percent. Analyses 
indicated no significant difference (p~0.05) in mean mortality values among 

42 



sediment controls; mortal! ty ranged from 4 to 1 O percent·. In dilution 
bioassays using Commencement Bay test sediments from six stations (one of 
these stations really represented combined sediments from two sta~ions) they 
diluted test sediments with varying amounts of clean sediment. Results 
indicated that a 50 to 75 percent dilution with clean sediment was 
sufficient to eliminate toxic response to sediments from five of the six 
stations~ Combined sediments from two Ruston (just south of Pt~ Defiance) 
stations near the ASARCO smelter were still highly toxic when they made up 
only 1 O percent of the sediment mixture (90% dilution)~ The smelter would 
more lik~ly contribute metalic rather than organic contaminants to 
sediments. 

Chapman~ et al. (1985) investigated and reported acute toxicity of 
sediments to amphipod crustaceans~ oligochaete worms and stickleback fish~ 
They tested twenty members of each species separately with each of the test 
and control sediments and reported less than 15% mortalities for each of the 
species •. This was not significantly different than mortalities for 
controls. They concluded that acute lethal tests are relatively insensitive 
compared with sublethal tests. 

Chapman and Fink (1984) reported larval mortality of the polychaete 
worm~ Capitella capitata~ significantly different (p ~0.05) from controls 
(50% mortality after 50 days) only in tests using se~iment elutriate from 
one of their Commencement Bay and Waterways stations. This station was 
located about midway of the Hylebos Waterway. When using whole sediments 

·from that same station, there was 70% mortality after 35 days. There were 
similar results with whole sediments from several other stations in the 
waterways (75% mortality from a station lower in Hylebos Waterway, 65% from 
one Blair Waterway station, 100% mortality from the Sitcum Waterway station, 
65% from a City Waterway station). 

Results of 1 ethal i ty bi oassays with an oligochaete, an amphipod, and 
fish reported by Chapman~ et al~ (1982) indicated that no acute lethality 
occurred using bottom wat~r samples and slurries of Commencement Bay and 
other Puget Sound sediments. From those results and other observations it 
appeared that "direct, rapid lethality is not a major factor for the 
majority of fauna ~xposed to and living in or near chemically contaminated 
Puget Sound sites". 

Swartz, et al. (1982) measured the toxicity of 175 Commencement Bay 
sediment samples by survival of amphipods, Rhepoxynius abronius, after a 10 
day exposure to test sediments. It is interesting to note that sediment 
samples from Yaqu~na Bay, Oregon were used in this benthic bioassay as 
reference sediments. Compared to these Yaquina Bay samples, survival in 
sediments from the offshore, deeper part of Commencement Bay was high, and 
survival in se~iments from some parts of the waterways, especially in 
Hylebos Waterway, was low. Mean survival in five replicate sediment samples 
from each of three station locations was significantly less (P~.05) than in 
Yaquina Bay "controls"~ These stations were in City and Hylebos Waterways 
and at Browns Point (near the eastern shore of the mouth of Commencement 
Bay)~ The lowest mean survival in any of the waterways or in offshore or 
near shor~ Canmencement Bay sediments occurred in Hylebos Waterway station 
sediments. 



Results of several studies have demonstrated sublethal effects of 
sediments fr~ various loca~ions in Canmencement Bay. They include effects 
on respiration, reproduction, and development, and other abnormalities in 
several invertebrates and in fishes. 

Barri~k; et al~ (1985 a & b) conducted oyster larvae abnormality 
bioassays. "Exposure to sediments from 15 of their 52 sites caused 
significant oyster larvae abnormality (p~0~05)~" These 15 sites were in 
Hylebos~ St~ Paul, and City Waterways, and along the Ruston shore (south of 
Pt~ Defiance): Results of oyster larvae sediment dilution bioassays 
indicated that greater than 7~ percent dilutions were necsessary to reduce 
abnormalities to c~ntrol levels. In this study reported abnormalities were 
developmental ones. 

Chapman, et al. (1985) made respiration rate measurements with marine 
oligoch~ete worms in sediment elutriate from various Commencement Bay 
stations. They also measured genotoxicity in vitro by growing rainbow trout 
gonad cells on glass slides, exposing them to sediment extracts during 
mitotic division, then examining fixed, stained anaphase cells for 
chromosomal defects and for cell division inhibition. In five Commencement 
Bay subareas - outer Bay, inner Bay, Hylebos upper waterway, Blair upper 
waterway and City waterway - there were significant respiration rate 
responses or genotoxic responses in over 60% of the sampling sites. 
Sediments from 67% of the stations in Hylebos upper waterway apparently 

· induced altered respiration rates; 100% of them apparently induced genotoxic 
responses. Sediments from 75% of City Waterway stations illicited 
respiration rate responses; 100% illicited genotoxic responses. In tests 
using oyster larvae, surf smelt eggs and larvae, and polychaete trochophore 
larvae, reproductive impairment resulted in all species from association 
with Hylebos upper waterway sediments from all (100%) of the sampling sites. 
In sediment from one lower Hylebos Waterway station, surf smelt hatching 
success was <2%~ 

Chapman and Fink (1984) observed effects of sediment elutriate and 
whole sediments on growth and on reproduction of polychaete worms. In 
general growth of the worms in whole sediments was about half that in 
sediment elutriates~ In elutriate tests only one test sediment (from a 
station midway in Blair Waterway) had a growth rate prior to sexual 
maturation that was significantly different from controls. The growth rate 
was almost twice as high in this sediment elutriate. In whole sediment 
toxicity tests~ worm growth was significantly different in sediments from 
three Hylebos waterway stations and from one City Waterway station. 

Chapman, et al. (1983) collected sediment samples from selected 
stations in Elliott Bay and the Duwamish River, Commencement Bay and 
associated waterways, Sinclair Inlet, and Port Madison and tested for 
reproduction impairment effects. Results indicated that Commencement Bay 
Waterways and the lower Duwamish River were the most toxic areas. Outer 
Commencement Bay stations showed low toxicity. Oyster larvae (Crassostrea 
gigas) bioassay data revealed high mean percentage of abnormal larvae 
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resulting from association of the larvae with replicate sediment samples 
from certain waterway stations and very low percents abnormality in larvae 
tested with reference and control sediments: 

Station Location 
Hylebos 
Hylebos 
Blair 
City 
Port Madison (ref) 
Sediment Control 
Seawater Control 

Percent Abnormality 
91 
42 
32 
94 
4 
2 
1 

Chapman et al~ (1983) conducted cell reproduction studies by exposing 
rainbow trout gonad (RTG-2) and.bluegill fry (BF-2) cells ~o sediment 
extracts during logarithmic growth. Sediment extracts from all Canmencement 
Bay waterways were toxic at some concentration to rai~bow trout gonad cells; 
the two most toxic sediments were from Blair Waterway. ~ediments from only 
three stations i~hibited bluegill fry cell proliferation. They were located 
in Blair, Sitcum, and City Waterways. 

Results from Chapman, et al~ (1982) showed significantly (P E~a 0~05) 
depressed or elevated respiration responses of oligochaete worms, 
Monopylephorus cuticulatus, to Canmencement Bay Waterway water and sediment 
slurry samples. They detected significant respiratory anomalies compared to 
.controls in 20 of 37 sediments from Commencement Bay. They reported 
elevate~ respiration rates from worms in sediments of all stations in 
Hylebos, Blair and Sitcum Waterways in which effects were shown. The three 
Commencement Bay areas with the highest percent of stations showing 
detrimental effects on respiratory rate were City Waterway (75%)~ upper 
Hylebos Waterway (67%) and offshore (67%) according to Long (1983)~ 

Results also showed significant genotoxicity responses of in vitro 
rainbow trout gonad cells to sediments and water extracts (Chapman~ et al., 
1982)~ Sediment extracts tested from seven stations in the waterways and 
two along the Ruston-Tacoma shoreline were among stations considered to have 
the greatest inhibitory activity on cell prol~feration of all the 97 Puget 
Sound stations sampled and tested in this study. Mutagenicity occurred from 
association with sediment extracts from all of·the stations in the upper 
Hylebos Waterway and from all stations in City Waterway (Long, 1983)~ 

Sediment (and Water Column) Toxicity: Other Areas 

In their eight bays study, Battelle (1985 Draft Final Report) found 
that amphipod survival results of their bioassays did not clearly 
distinguish urban bays from baseline bays. Correlation analysis revealed 
important relationships of sediment grain size, percent water, and organic 
compound load to amphipod survival. They found low amphipod survival (<50% 
after 10 day exposure to sediments) in bioassays of sediments from five 
Everett _Harbor stations~ three Dabob Bay stations and six Case Inlet 
stations. 



Chapman~ et al. (1985) conducted acute lethality tests in which they 
exposed amphipod crustaceans, oligochaetes~ ~nd stickleback fish to 
resuspended sediments in seawater for ten days. They noted an acute 
lethality response significantly different than controls only from exposure 
of amphipods to sediments from one Elliott Bay station~ A 40% amphipod 
mortality resulted. Bioassays of other organisms in other sediments 
resulted in less than 15% mortalities~ 

When Chapman and Fink (1984) investigated effects of Puget Sound 
sediments on the polychaete worm~ Capitella capitata, there was 
significantly higher mortality than contrqls in sediment elutriates from two 
stations in Elliott Bay and one station in the Duwamish Waterway. 

Chapman~ et _a1: (1984) conducted.acute lethal bioassays with the 
sensitive amphipod, Rheopoxynius abronius, and partial life-cycle bioassays 
with oyster larvae of Crassostrea gigas using sediments from two 
industrialized Puget Sound embayments, Bellingham Bay and Everett Harbor and 
using sediments from Samish Bay as a reference. In sediments from one 
station in Bellingham Bay and one station i~ Everett Harbor there were 
significant acute lethal effects to amphipods. Reference station sediments 
showe~ no significant effects in either the amphipod or the oyster larvae 
tests. Three stations in Everett Harbor and four stations in Bellingham Bay 
had sediments in w~ich oyster larvae mean relative survival was quite low, 
ranging from 8-26%. 

Dinnel~ et al~ (1984) report and Stober and Chew (1984) report on the 
Central Puget Sound Basin, which extends north as far as Alki Point and 
south to (but not including) Commencement Bay~ They reported mortality of 
oyster embryos resulting from 48 - hour exposure to water from various 
Central Basin sites. Mortality was highest in surface waters and within the 
East passage. These·results _essentially agreed with 1962-1976 Washington 
Department of Fisheries data. They also reported results of ten day 
exposures of ~phipods to sediments from bioassays conducted twice each year 
for two years. Reduced amphipod survival occurred in sediments from the 
northern East Passage area and was correlated with grain size and toxicant 
concentration. 

McCain, et al. (1982) report results of laboratory experiments 
conducted to determine the effect of exposure to bottom sediments on English 
sole~ Sole were kept in aquaria for about three months~ The mortality rate 
of sole exposed to Duwamish Waterway sedime~ts was·not statistically 
different from sole on reference area sediments. When extracts of sediments 
from the Duwamish Waterway were intraperitoneally injected into juvenile 
English sole~ significantly (p~0~05) more fish died than fish injected with 
extracts of reference area sediments. 

Battelle (1985 Draft Final Report) found that their analyses of oyster 
larval bioassay results indicated that urban bays were not clearly distinct 
from baseline bays. Samish Bay~ Case Inlet, and Sequim Bay sediments 
demonstrated the lowest percent abnormalities; Bellingham Bay, the highest 
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percent abnormality; Dabob Bay, classified as a baseline bay, the second 
highest percent abnormalities; ~nd Everett Harbor - Port Gardner 
demonstrated an intermediate response. 

Chapman~ et a1: (1985) reported respiration rate measurements of marine 
oligochaetes during exposure to sediment elutriate, genotoxicity 
measurements made exposing in vitro rainbow trout gonad cells to sediment 
extracts during mitotic division~ and results of reproductive impairment 
tests using oyster larvae~ s~rf smelt eggs~ and rainbow trout gonad and 
bluegill fry cells in vitro. They observed toxic respiration responses of 
oligochaete worms in sediment elutriates from more than 50 percent of the 
sampling si tea within Elliott Bay, off the Denny Way CSO and within outer 
Sinclair Inlet. 

Genotoxic responses resulted from exposure to sediment elutri~tes from 
more than 50 percent of the s~pling sites within outer Elliott Bay, off the 
Denny Way CSO in Elliott ~ay, the lower and upper. channels of the Duwamish 
River, inner S~nclair Inlet, and within Birch Bay, which is considered a 
control area. During reproductive impairment tests, surf smelt eggs 
exhibited extremely low hatching success (2% or less) in certain Elliott Bay 
and upper Duwamish sediments and larvae hatched prematurely when eggs were 
exposed to certain Duwamish River sediments. 

Chapman and Fink ( 1984) grew polychaete worms~ Capi tella capi tata, in 
whole sediments for _35 days and measured survivors to test effect of 

.sediments on growth. Mean lengths of worms grown in sediments fran two 
Duwamish Waterway stations an~ from one Sinclair Inlet station were 
significantly less than controls, indicating slower growth. 

Chapman~ et al. (1984) conducted sediment toxicity tests on the 
industrial embayments Bellingham Bay and Everett Harbor and on Samish Bay, 
their chosen reference area~ They examined sublethal effects on developing 
oyster larvae~ on respiration in oligocha~te worms, on cell reproduction of 
rainbow trout gonad and bluegill fry cells, and on condition of chromosomes 
in rainbow trout cells during the anaphase stage of mitosis. They observed 
more than 20% larval abnormality in oyster embryos exposed to sediments from 
three Bellingham Bay and three Everett Harbor stations. (They observed 
lowest survival rates in these same sediments.) In sediment elutriates from 
three of ten Bellingham Bay stations and four of ten Everett Harbor 
stations~ oligochaete worms had significantly different respiration rates 
than controls, but reference station elutriates did not. 

Chapman, et al~ (1984) reported significantly reduced cell reproduction 
in rainbow trout gonad cells exposed to sediment extracts from one reference 
station, one Bellingham Bay station, and six Everett Harbor stations. 
Sediment extracts from one reference station~ five Bellingham Bay stations, 
and two Everett Harbor sta~ions caused significant chromosonal damage in the 
fish cells during anaphase. 

It is interesting to note that the same seven stations from Chapman, et 
al. (1984) whose sediments significantly altered respiration rates of 
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oligocha~te worms, exhibited one or two other significant sublethal effects 
as well. These results suggest that effects of contaminants are site 
specific and do not spread out into general geographical areas. 

In Chapman~ et al~ .(1983) results of oyster larvae bioassays indicated 
Duwamish River sediments, and sediments from one Elliott Bay station near 
the Denny Way CSO were very toxic~ High mean percentages of abnormal larvae 
resulted from 48 hour association with sediment samples~ Mean values for 
percent abnormal! ties from each of the four Duwamish River and Waterways 
sediment samples were 78%~ 50%~ 86%~ and 31%~ About 31% abnormal larvae 
resulted from exposure to Elliott Bay samples from near the Denny Way cso. 

. .. . 

In another test for sublethal effects of sediments, Chapman, et al. 
(1983) reported detrimental effects to rainbow trout go~ad cell reproduction 
in sediment extracts at concentrations below 10,000 ppb. in samples fran the 
Magnolia Bluff station~ two Elliott Bay stations (not the Denny Way CSO 
station); two Duwamish.River stations, the East Duwamish Waterway, a·nd one 
Sinclair Inlet station. 

When Chapman, et al. (1982) exposed oligochaete worms to sediment 
slurr-y from 13 of 37 Elliott Bay and Duwamish stations~ 6 of 12 Sinclair 
Inlet stations, and 1 of 6 Port Madison stations, these worms showed 
significantly altered respiratory responses compared to controls~ 
Significant respiratory anomalies were not detected in any of the Birch Bay 
(control site) sediments~ They also found that sediments from the following 

. Puget Sound stations had a high inhibitory (genotoxic) effect on 
proliferation of rainbow trout gonad cells in vitro: West Point, Alki 
Point~ mouth of the West Duwamish Waterway, mouth of the East Duwamish 
Waterway, (3) Duwamish River stations~ the East Passage station~ (3) Port 
Madison. (reference area) stations~ and (3) Birch Bay (control area) 
stations. 

Comisky~ et al~ (1984) conducted bioassay tests using sediments from 
two study sites, one near the West Poi~t Treatment Plant outfall fran which 
primary treated effluent is discharged, and the other near the Denny Way 
combined sewer overflow (CSO) located along the Elliott Bay waterfront, in 
an attempt to determine relative toxicity. They tested amphipod survival, 
oligochaete respiration and chromos.ome changes on a number of samples. 
Results of all tests were inconclusive. Results of the first phase of acute 
1 ethal amphi pod bi oassays di~ not agree with results from their follow-up 
bioassays in their second phase. Oligochaete respiration tests at Denny Way 
sites indicated a biological stress response at 40 percent of the stations 
and at 56 percent of the West Point stations, but there was no correlation 
between these responses and levels of priority pollutants at those sites. 
The lack of consistency made interpretation of results difficult and created 
doubts particularly about using amphipod tests in screening for priority 
poll utan ts. 
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Sediment Toxicity: Summary 

Long ( 1984) summarized sediment bioassay data from sever al s tudi e_s of 
Puget Sound to show relative toxicity of sediments from various areas. He 
included data from studies from the late 1970's through some time in 1984. 
He only omitted d~ta from a few major studies such as Battelle' s detailed 
"eight bays" study. He reviewed results of acute toxicity stud! es and 
identified the following areas where more than 50% of the sediment samples 
elicited a toxic response: 

outer Bellingham Bay 
inner Everett Harbor 
Quilcene Bay 
outer Dabob_Bay 
Elliott Bay, off the Denny Way CSO 
inner Sinclair Inlet 
inner nearshore of Commencement Bay 
upper Hylebos 
lower Hylebos 
City Waterway 
outer Case Inlet 

His summary of studies also identified these areas in which 50% or more 
sediment samples elicited sublethal toxic responses: 

Birch Bay (intertidal) 
Bellingham Bay 
inner Everett Harbor 
Port Gardner 
Elliott Bay, West Point area 
Elliott Bay in general 
inner Elliott Bay 
Elliott Bay off Denny Way CSO 
West Duwamish Waterway 
upper Duwamish 
mi d Duwami sh 
lower Duwamish 
Sinclair Inlet in general 
Sinclair Inlet shipyards 
outer Sinclair Inlet 
inner Sinclair Inlet 
inner or nearshore Canmencement Bay 
upper Hylebos Waterway 
upper Blair Waterway 
lower Blair Waterway 
Si tcUID Waterway 
City Waterway 

Results of reproductive impairment tests from Chapman, et al. (1983) 
and results from the earlier broad scale toxicity survey in Chapman, et al. 
( 1982) indicated that Commencement _Bay Waterways and the lower Duwamish 
River were the most toxic areas tested. 



When Long (1983) summarized data from sediment toxicity studies 
reported in Ott, et al. ( 1982) ~ Swartz~ et al~ ( 1982), and Chapman et al. 
(1982)~ he found these Puget Sound subareas with the highest percent of 
sites with significantly different toxic response values than controls: 

1. Elliott Bay, off the Denny Way CSO 
2. lower Duwamish River 
3. upper Hylebos Waterway 
4~ City Waterway -
5. outer Sinclair Inlet (near Bremerton) 

Correlation of Contaminant Levels with Observed Effects 

Chapman, et al~ (1984a) offered a ranking of the five Puget Sound areas 
they studied. They used their "Triad" Index in which sediment chemistry, 
benthic community and sediment bioassay data were compared for this ranking: 

1. Canmencement Bay 
2. Elliott Bay 
3. Sinclair Inlet 
4~ Case Inlet 
5. Sami sh Bay 

The three urban bays tested are significantly degraded. Canmencement Bay 
Waterways were more degraded_than Elliott Bay; though Elliott Bay had higher 
sediment contaminant levels. Case Inlet was more similar to the urban bays 
than to Samish Bay. Samish Bay is a suitable reference. 

In Battelle's (1985 Draft) Final Report, Volume I, they name three 
types of investigations which proved useful in their study of eight Puget 
Sound bays - analys~s of physical and chem~cal characteristics, analysis of 
infaunal communities, and amphipod bioassay. When they ranked the bays, the 
urban ones were significantly more impacted than the baseline ones. They 
found the worst problems in Elliott Bay - Port Gardner and Sinclair Inlet, 
and noted that Case Inlet responded more like an urban than a baseline bay, 
just as Chapman~ et al~ (1984a) had noted. They also concluded that metals 
may not be as important for toxicity to infauna or amphipods as organics 
(PCBs and PAHs) in Puget Sound sediments. 

Barrick, et al: (1985 a & b) found that sediment toxicity and number of 
significant benthic effects were highest in the most chemically contaminated 
of the areas (Commencement Bay and Waterways, Ruston - Tacoma shoreline, 
Carr Inlet) they studied~ However, "no one contaminant or contaminant group 
correlated with effects observed in all areas" (Barri ck, et al. 1985a). 

The research findings in Everett Harbor reported by Gronlund, et al. 
(1983) concur with studies from other portions of Puget Sound. Serious 
liver diseases in certain species of bottomfish are characteristic of urban 
areas with high toxic chemical sediment loads. 
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Human Health Risk 

The May~ 1985 update for the "Commencement Bay Nearshore/Tidalflats 
Superfund ·Investigation" described the revised advisory issued in April, 
1985 from the Tacoma - Pierce County Health Department _and Department of 
Social and Health Services apout eating fish in the area. The superfund 
study iden~ified PCBs as the chemical groups causing the highest potential 
health risk. the advisory recommended the following: 

1 • 

2. 

3. 
4: 

Do n~t consume fish or crab from any of the Canmencement Bay Water 
ways. 
If you do con5.ume fish from the waterways limit consumption to fish 
muscle tissue. 
Do not consume fish livers from anywhere in Canmencement Bay. 
It's okay to consume fish or crabs caught in Carr Inlet or along the 
Ruston/Point Defiance shoreline~ 
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CHEMICAL CONTAMINANTS. NOAA TECHNICAL MEMORANDUM OMPA-13, i - xxxiv, 1 
- 435. {REVIEW OF STUDIES: PAH & PCB IN WATER, SEDIMENT, & BIOTA; 
ABNORMALITIES IN FISH & INVERTEBRATES) 

DINNEL, P. A., F. S. OTT AND Q. J. STOBER. 1984. RENTON SEWAGE TREATMENT 
PLANT PROJECT: SEAHURST BASELINE STUDY. FINAL REPORT FRI-UW-8413 FOR 
THE MUNICIPALITY OF METROPOLITAN SEATTLE, VOLUME X, SECTION 12: 
"MARINE TOXICOLOGY" i - xxi i, 1 - 192. ( SEDIMENT AND WATER B !OAS SAYS : 
OYSTERS, SAND DOLLARS, SEA URCHIN, DUNGENESS CRAB ZOEA, AMPHIPODS) 

GALVIN, DAVID V., G. PATRICK ROMBERG, DOUGLAS R. HOUCK, AND JOHN H. LESNIAK. 
1984. TOXICANT PRETREATMENT PLANNING STUDY SUMMARY REPORT. METRO 
TOXICANT PROGRAM REPORT NO. 3, 268 PP. (1980 - 1983 SAMPLING) (PAH, 
PCB & PESTICIDES IN SEDIMENTS; SOURCES OF POLLUTANTS; PROBLEM 
DEFINITION; RECOMMENDATIONS & PLANS) 

GRONLUND, WILLIAM, BRUCE MCCAIN AND MARK MYERS. 1983. "PORT GARDNER 
BOTTOMFISH SURVEY COMPLETED" NORTHWEST AND ALASKA FISHERIES CENTER, 
U.S. DEPT. OF COMMERCE, NMFS QUARTERLY REPORT (APRIL, MAY, JUNE) 1983, 
18 - 19. (FISH ABNORMALITIES WHEN SEDIMENT IS CONTAMINATED WITH PCB & 
HYDROCARBONS) 

HILEMAN, JAMES AND MICHAEL F. MATTA. 1983. "EVERETT HARBOR DEEP WATER 
INVESTIGATION. EVERETT, WASHINGTON, OCTOBER 19 - 20, 1982." DRAFT COPY: 
DO NOT YET QUOTE OR CITE. 45 PP. (PAH, PCB, & PESTICIDES IN SEDIMENTS) 

HUGGETT, ROBERT J. AND DONALD MALINS. UNPUBLISHED PREPROPOSAL, JANUARY, 
1985. "THE FATE AND EFFECTS OF TOXIC ORGANIC COMPOUNDS IN THE 
CHESAPEAKE BAY AND PUGET SOUND" 6 PP. (RESEARCH) 

KONASEWICH, D. E., P. M. CHAPMAN, E. GERENCHER, G. VIGERS, AND N. TRELOAN. 
1982. EFFECTS, PATHWAYS, PROCESSES, AND TRANSFORMATION OF PUGET SOUND 
CONTAMINANTS OF CONCERN. NOAA TECHNICAL MEMORANDUM OMPA-2~ i - xv, 1 -
357. (PAH, PCB, PESTICIDES IN SEDIMENTS & BIOTA; PCB IN WATER; REVIEW 
PAPER) 

KRAHN, MARGARET M., LINDA D. RHODES, MARKS. MYERS, LESLIE K. MOORE, WILLIAM 
D. MACLEOD, JR., AND DONALD C. MALINS. 1986. "ASSOCIATIONS BETWEEN 



METABOLITES OF AROMATIC COMPOUNDS IN BILE AND THE OCCURRENCE OF HEPATIC 
LESIONS r'N ENGLISH SOLE (PAROPHRYS VETULUS) FROM PUGET SOUND, 
WASHINGTON" ARCHIVES OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY, 15 
(1), 61-67. (PAH IN SEDIMENTS; METABOLITES OF PAH IN BIOTA: FISH -
ENGLISH SOLE; ABNORMALITIES IN FISH: NEOPLASMS, LIVER LESIONS; POSITIVE 
CORRELATION BETWEEN ABNORMALITIES & ORGANIC POLLUTANT LEVELS - PAH 
METABOLITES - IN FISH; SOURCES) 

LONG, EDWARD R. 1984. SEDIMENT BIOASSAYS: A SUMMARY OF THEIR USE IN PUGET 
SOUND. SEATTLE PROJECT OFFICE, COASTAL & ESTUARIN~ASSESSMENTS°lrRANCH, 
OCEAN ASSESSMENTS DIVISION, NOAA, 1 - 30. (TOXICITY OF SEDIMENTS TO 
BIOTA) 

LONG, EDWARD R. 1983. "A MULTIDISCIPLINARY APPROACH TO ASSESSING POLLUTION 
IN COASTAL WATERS" PROCEEDINGS OF THE THIRD SYMPOSIUM ON COASTAL AND 
OCEAN MANAGEMENT. ASCE, SAN DIEGO,CALIFORNIA, JUNE 1 - 4~1983, 16:r-= 
178. (AH, PCB, PESTICIDES IN SEDIMENTS; SEDIMENT TOXICITY) 

LONG, EDWARD R. 1982. 11 AN ASSESSMENT OF MARINE POLLUTION IN PUGET SOUND" 
MARINE POLLUTION BULLETIN 13 (11), 380 - 383. (PCB IN SEDIMENTS & 
BIOTA: CRUSTACEAN & FISH; AROMATIC HYDROCARBONS IN SEDIMENTS; 
POPULATION: FISH, ETC.; FISH & CRUSTACEAN ABNORMALITIES; ) 

LONG, EDWARD R. 1981. "TOXICANT RESEARCH IN PUGET SOUND" COASTAL OCEAN 
POLLUTION ASSESSMENT NEWS 1 (2), 19 - 20. (PAH & PCB IN SEDIMENTS & 
BIOTA: FISH & CRAB; FISH & CRUSTACEAN ABNORMALITY) 

MACLEOD, WILLIAM D., JR., PATTY G. PROHASKA, DONALD D. GENNERO, DONALD W. 
BROWN. 1982. "INTERLABORATORY COMPARISONS OF SELECTED TRACE 
HYDROCARBONS FROM MARINE SEDIMENTS" ANALYTICAL CHEMISTRY 54 (3), 386 -
392. (ANALYTICAL METHODS; PAH IN SEDIMENTS) 

MALINS, DONALD C. AND WILLIAM T. ROUBAL. 1985. "FREE RADICALS DERIVED FROM 
NITROGEN-CONTAINING XENOBIOTICS IN SEDIMENTS AND LIVER AND BILE OF 
ENGLISH SOLE FROM PUGET SOUND, WASHINGTON" MARINE ENVIRONMENTAL 
RESEARCH, 17 (2-4), 205-210. (PAH & FREE RADICALS IN SEDIMENTS & BIOTA: 
ENGLISH SOLE) 

MALINS, DONALD C., MARGARET M. KRAHN, DONALD W. BROWN, LINDA D. RHODES, MARK 
S. MYERS, BRUCE B. MCCAIN, AND SIN-LAM CHAN. 1985a. "TOXIC CHEMICALS 
IN MARINE SEDIMENT AND BIOTA FROM MUKILTEO, WASHINGTON: RELATIONSHIPS 
WITH HEPATIC NEOPLASMS AND OTHER HEPATIC LESIONS IN ENGLISH SOLE 
(PAROPHRYS VETULUS)" JNCL 74 (2), 487 - 494. (PAH IN SEDIMENTS & 
BIOTA: FISH; ABNORMALITIES: ENGLISH SOLE LIVER LESIONS & NEOPLASMS) 

MALINS, DONALD C., MARGARET M. KRAHN, MARK S. MYERS, LINDA D. RHODES, DONALD 
W. BROWN, CHERYL A. KRANE, BRUCE B. MCCAIN, AND SIN-LAM CHAN. 1985b. 
"TOXIC CHEMICALS IN SEDIMENTS AND BIOTA FROM A CREOSOTE-POLLUTED 
HARBOR: RELATIONSHIPS WITH HEPATIC NEOPLASMS AND OTHER HEPATIC LESIONS 
IN ENGLISH SOLE (PAROPHRYS VETULUS)" CARCINOGENESIS, 6 (IO), 1463 -
1469. (PAH & PCB IN SEDIMENT & BIOTA: FISH; ABNORMALITIES: NEOPLASMS 
IN ENGLISH SOLE LIVERS) 

MALINS, DONALD C., M. KRAHN, MARKS. MYERS, JOHN E. STEIN, WILLIAM T. 
ROUBAL, DONALD W. BROWN, USHA VARANASI, HARLD HODGINS, AND SIN-LAM 

55 



CHAN. 1985c. "OCCURRENCE OF HEPATIC NEOPLASMS AND OTHER LESIONS IN 
BOTTOM-DWELLING FISH AND RELATIONSHIP TO POLLUTION IN PUGET SOUND, 
WASHINGTON" CHAPTER 32, WATER CHLORINATION, JOLLEY, EDITOR, LEWIS 
PUBLISHERS, 399 - 414. (PCB, AROMATIC HYDROCARBONS IN SEDIMENTS; 
ABNORMALITIES IN BOTTOM FISH; BIOACCUMULATION) 

MALINS, DONALD C. 1984. "TOXIC CHEMICALS IN URBAN EMBAYMENTS: EFFECTS ON 
MARINE LIFE AND THE CONSUMER" PROCEEDINGS, PUGET SOUND WATER QUALITY 
CONFERENCE, SEPTEMBER 30, OCTOBER 1, 1983, 35 - 50. (SOURCES, EFFECTS 
OF POLLUTANTS ON FISH, ETC.) 

MALINS, DONALD C., BRUCE B. MCCAIN, DONALD W. BROWN, SIN-LAM CHAN, MARKS. 
MYERS, JOHN T. LANDAHL, PATTY G. PROHASKA, ANDREW J. FRIEDMAN, LINDA D. 
RHODES, DOUGLAS G. BURROWS, WILLIAM D. GRONLUND, AND HAROLD O. HODGINS. 
1984a. . "CHEMICAL POLLUTANTS IN SEDIMENTS AND DISEASES OF BOTTOM­
DWELLING FISH IN PUGET SOUND, WASHINGTON" ENVIRONMENTAL SCIENCE AND 
TECHNOLOGY 18 (9), 705 - 713. (1979 - 1982 STUDY) (PAH, PCB& 
PESTICIDES IN SEDIMENTS & BIOTA: FISH; FISH ABNORMALITIES) 

MALINS, DONALD C., BRUCE B. MCCAIN, DONALD W. BROWN, USHA VARANASI, MARGARET 
M. KRAHN, MARK S. MYERS, AND SIN-LAM CHAN. 1984b. "SEDIMENT­
ASSOCIATED CONTAMINANTS AND LIVER DISEASES IN BOTTOM-DWELLING FISH" 
PROCEEDINGS OF INTERNATIONAL WORKSHOP ON IN-SITU SEDIMENT CONTAMINANTS, 
AUGUST 20-24-,-1984, ABERYSTWYTH, WALES-, 12 PP. (PAH, TOTAL AH, PCB IN 
SEDIMENTS; ABNORMALITIES IN FISH: ENGLISH SOLE) 

.MALINS, DONALD C., USHA VARANASI, DONALD W. BROWN, MARGARET M. KRAHN, AND 
SIN-LAM CHAN. 1984c. "BIO LOGICAL TRANS PORT OF CONTAMINANTS IN MARINE 
ENVIRONMENTS: BIOAVAILABILITY AND BIOTRANSFORMATIONS" PROCEEDINGS OF 
SYMPOSIUM ON CONTAMINANT FLUXES THROUGH THE COASTAL ZONE, NANTEs';­
FRANCE, 2l~P. (AH, PCB IN SEDIMENTS~BIOTA: ENGLISH SOLE; 
BIOACCUMULATION) 

MALINS, DONALD C., MARK S. MYERS, AND WILLIAM T. ROUBAL. 1983. "ORGANIC 
FREE RADICALS ASSOCIATED WITH IDIOPATHIC LIVER LESIONS OF ENGLISH SOLE 
(PAROPHRYS VETULUS) FROM POLLUTED MARINE ENVIRONMENTS" ENVIRONMENTAL 
SCIENCE AND TECHNOLOGY 17 (11), 679 - 685. (ABNORMALITIES: FISH LIVER; 
FREE RADICALS) 

MALINS, DONALD C., BRUCE B. MCCAIN, DONALD W. BROWN, ALBERT K. SPARKS, 
HAROLD O. HODGINS, AND SIN-LAM CHAN. 1982. CHEMICAL CONTAMINANTS AND 
ABNORMALITIES IN FISH AND INVERTEBRATES FROM PUGET SOUND. NOAA 
TECHNICAL MEMORANDUM OMPA-~i -xviii, 1 - 168:--rl978-1981 STUDIES). 
(PAH, PCB, & PESTICIDES IN SEDIMENTS & BIOTA: CLAMS, CRABS, SHRIMP, 
WORMS, FISH; POPULATION: FISH & INVERTEBRATES - ESPECIALLY CRABS & 
SHRIMP); ABNORMALITIES: FISH & INVERTEBRATES; 

MALINS, DONALD C. 1981. "CONCENTRATIONS OF ORGANIC TOXICANTS IN SALMON, 
COD AND SOLE FROM PUGET SOUND" COASTAL OCEAN POLLUTION ASSESSMENT NEWS 
1(4), 52 - 53. (AH, PCB AND PESTICIDES IN BIOTA: FISH; ) 

MALINS, DONALD C., BRUCE B. MCCAIN, DONALD W. BROWN, ALBERT K. SPARKS, AND 
HAROLD O. HODGINS. 1980. CHEMICAL CONTAMINANTS AND BIOLOGICAL 
ABNORMALITIES IN CENTRAL AND SOUTHERN PUGET SOUND. NOAA TECHNICAL 
MEMORANDUM OMPA-2, i - xvr:--1 - 295. (1979 SAMPLING) (PAH, PCB & 

56 



PESTICIDES IN SEDIMENTS & BIOTA; COMMUNITY STRUCTURE: FISH & 
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OREGON BAYS 

We have found virtually no data regarding measurement of PCBs or other 
pesticides in O~egon Bays~. nor general water quality or population data. We· 
have som~ data, _however, from important research revealing PAH levels in 
mollusks, water, a~d sediments and possible effects of these chemical 
burdens on mussels. We have also seen in the literature a discussion of 
human health hazard from organic contaminants in Oregon Bays~ 

Dr. Michael Mix of Oregon State University in Corvallis, Oregon has 
reported results of sampling mollusks from various Oregon Bays (See Figure 
1) for a number of years and analyzing them for PAHs: He has compared these 
results with concentrations of PAHs found in mollusk tissue samples from 
many remote sites and has observed that PAHs are ubiquitous at approximately 
the same levels (Mix~ 1982; Mix; 1984; Mix, Personal Communication, June 24, 
1985)~ 

Mix's early investigations into PAH levels (Mix~ et al~~ 1977) show a 
clear· contrast between mollusks from industrlal ized and· those from non­
industrialized sites. "Certain popul?t~O-!}S of indigenous bivalve mollusks 
from the industrialized Crego~ Bays ••• contain shellfish with significant 
~eyels of BaP in their tissues. Shellfish from the nonindustrialized bays • 
• • contain non-detectable levels of BaP." At the time Mix believed that 
BaP concentration served as an indicator of total PAH concentration in 

.mollusks (Mix, 1979) ~ Mix concluded, though, after more thorough 
investigations (Mix, 1982) that "Benzo(a)pyrene ~as not a significant 
variable for predicting total PNAH at any site. • •• the use of BaP for 
making decisions about the quantities and presence or absence of other -PNAH 
should be abandoned or modified~" In a June 24, 1985 personal 
communication he made additional comments about research procedure. He 
recommended that percent recovery be determined before proceeding with 
chemical analysis and that animals be. allowed to purge themselves of 
sediment before their tissue is analyzed. 

In another early study (Mix and Schaffer~ 1979a) Mix and Schaffer 
sampled mussel~, Mytilus edulis~ bimonthly for two years from thirteen sites 
in Yaquina Bay. Inexplicably the average concentration of B(a)P from one of 
these sites along the Oldtown bayfront was significantly higher, (130ppb, 
dry wt~)~ than the mean of the average concentrations from the other twelve 
si tea~ ( 20 ppb, dry wt.)~ Mussels in eleven of the si tea were exposed to 
creosoted pilings or a creosot·ed floating dock, potent! al sources of PAHs. 
The particular c~mbination of those sources plus presence of a fish 
processing plant, and ne~rby marinas may explain the higher BaP 
concentration at the one site. In this study as in others BaP concentration 
in mollusk tissues depended upon geographical location. 

In more recent studies Mix's results confirm the influence of 
industrialization of sites on PAH tissue levels. "The values in Table 13 
indicate that shellfish in relatively pristine areas of the three bays have 
a baseline PNAH load of approximately 50 µg/kg •. Increased concentrations 
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Figure 1. Location of Oregon Bays and Estuaries (Mix, et al. , 1977) •· 
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occurred in dfrect relation to the degree of industrialization and human 
onshore activity." (Mix, 1982) ~ 

In measuring PAH levels in bay mussels, Mytilus edulis, from a remote 
site 1~ Yaquina Bay and from a mor.e industriali~ed bayfront site during 1979 
- 1980, Mix and Schaffer, (1983a), found concentrations from the remote site 
significantly lower than those from the bayfront (1369.5 ppb, dry wt~ 
compared to ~931 ppb~ dry wt~): They also observed that "smaller, more 
water soluble, c~mpounds were concentrated to one or two orders of magnitude 
above the larger, less soluble PNAH." 

Measurements of PAH levels in several different mollusk tissues from 
various Oregon Bays in recent studies concer with earlier results. In a 
1978 ~ 1979 study~ (M~x and Schaffer~ 1983b), concentrations of PAHs in 
clams, Mya arenaria, from an industrialized bayfront averaged 2775.5 ppb 
(dry wt:Y:-significantly higher than the average, 381.5 ppb (dry wt.)~ for 
clams from more remote areas of Coos Ba:y. In relatively pristine Oregon 
Bays such as Tillamook an.d part of Coos, Mix again found that mollusks 
contained baseline concentrations of PAH~ approximately 50 ppb (wet wt.), 
(Mix, 1984)~ or 250 ppb (dry wt.)~ In this study also PAH concentrations in 
mollusks in more highly industrialized areas were significantly higher. The 
highest concentrations Mix found were in mollusks from a heavily 
industrialized site in Yaquina Bay where the PAH concentrations ranged from 
3375 - 6625 ppb (dry wt.). 

For the period January - May of 1979 scientists (Mix, et al., 1982) 
compared BaP concentrations in somatic tissue to concentrations in gonadal 
tissues of bay mussels from the site in Yaquina Bay in which PAH 
concentrations were highest in mussels in an· earlier study (Mix and 
Schaffer, 1979) to see if changes in levels in these tissues could· explain 
the winter - spring fluctuations in BaP oncentrations encountered earlier 
(Mix and Schaffer, 1979)~ They concluded that storage of the organic 
contaminant occurred primarily in somatic tissues compared to gonadal 
tissue, even during spring spawning~ In another study (Mix, 1984) 
Mixconcluded that mollusks accumulate more PAHs in winter than in other 
seasons even though winter is not a time of lipid buildup. 

Dr~ Mix investigated the possibility of detrimental effects of organic 
contaminants in the form of abnormalities on Oregon Bay mollusks in several 
studies. He found that the prevalence of cellular proliferative disorders 
in mussels from two sites in Yaquina Bay where mussels always contained high 
levels of BaP was significantly higher than prevalence for this type 
abnormal! ty in two sites where mussels had low or no detectable levels of 
BaP (Mix~ 1979) ~ 

Later (Mix, 1982) Mix also reported results of histological examination 
of mollusks for cellular proliferative disorders resembling neoplastic 
conditions in vertebrates~ Characteristic cells were not found in clams 
from Coos Bay or mussels from Tillamook Bay. The disorder was rarely found 
in a mussel population from a relatively clean site across Yaquina Bay from 
the site where high PNAH concentrations were encountered in mussels. These 
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abnormalities; however~ were quite prevalent in Yaquina Bay mussels with the 
highest PNAH measurements~ 

Although no causative relationship of high PAH concentrations in 
mollusk tissue to occurrance and prevalence of cellular disorders has yet 
been established~ (Mix~ 1982; Mix~ 1983; Mix~ Personal Canmunication~ June 
24~ 19~5>"~ the belief. exists (Malina~ Personal Communication~ June 26~ 
1985), that a cause - effect relation will some day be shown~ In Mix' s 
study of haematic neoplasms in subpopulations of bay mussels~ Mytilus edulis 
L~ ~ in Yaquina Bay, 1976 - 1981 ~ he found significant differences in the 
occurrance of the disorder were related to geographical location~ The 
mussel subpopulations differed in their proximity to sources of 
anthropogenic contaminants (Mix~ 1983)~ 

Mix included a discussion of the risk to human health of organic 
contamination levels of Orego~ Bays in one of his reports (Mix,· 1979) ~ He 
reported that blue mussels, Mytil us edulis, fran Yaquina Bay are heavily 
contaminated and accessible to Oregon shellfishermen~ but are not heavily 
exploited by them. High concentrations of BaP were found in Mya arenaria 
fran certain industrialize~ areas of Coos Bay and these soft shell clams are 
access! ble to t.he public, but they are not usually harvested f?'.'an those 
particular sites. These two species occupy different habitats. M. edulis 
are found on pilings and rocks in low to high salinity; M. arenaria are 
found in soft or sandy mud in low salinity~ Mix found other clam species 
and a cock~e species that are heavily exploited to be only lightly 

. contaminated. In 1979 Mix saw "no cleat:' risk to. users of_ the shellfish 
resources of Oregon at the present time." He did, however, have this word 
of caution: "Since humans possess the enzymes necessary to convert 
unaltered PNAH to highly mutagenic or carcinogenic derivatives ••• (Mollusks 
retain polynuclear aranatic hydrocarbons.) ••• sufficient quantities could 
pose a public health problem." 
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SAN FRANCISCO BAY 

San Francisco Bay shown in figure 1 is located on the western edge of 
California with about 1/3 of the state north of it. Large metropolitan 
areas such as the cities of San Francisco, Berkeley, and Oakland discharge 
ov~r 500 ~illion gallons of treated sewage into the Bay each day (Jung, et 
al. 1984) •. There are also some fairly rural/suburban areas along the shores 
of the Bay. Heavy traffic is obvious all around the bay, which is 
transversed east to west by four large bridges~ and north to south at it's 
opening to the Pacific Ocean by the famous Golden Gate Bridge~ Sailboats 
and other recreational boats as well as ferries on their regular routes are 
seen daily in the Bay. There have been recent declines in productivity and 
con~ition of fish important to the commercial fisheries of San Francisco 
Bay. 

Organic Contaminants in Sediments 

Robert Spies (Personal Canmunication, October 7, 1985) in describing 
his recent studies of sediments in San Francisco Bay concentrated on the 
difference between levels of contaminants found in the urbanized, central 
section bounded on the .east by Berkeley, Oakland, San Leandro, Alameda, etc. 
and levels of contaminants in San Pablo Bay~ Since San Pablo Bay is a less 
urbanized area~ he treated it as a reference site. Spies, et al. (1985a) 
found about twice the level of total identified PAHs in mid-Bay sediments at 

.Berkeley and Oakland as in San Pablo Bay sediments. Following is a summary 
of concentrat~ons, shown in ppb (dry wt.), of organic contaminants in 
sediments reported in Spies, et al. (1985a): 

Location Total PAH Total PCB Total DDT --- ---
San Pablo Bay 2600 30 84 
Berkeley 4600 8 32 
Oakland 5660 24 76 
Alaueda 470 5 12 

Spies, et al. (1985b) also reported concentrations of organic 
contaminants in sediments from San Francisco Bay. They took two sediment 
samples 100 meters apart in San Pablo Bay, two in Richmond, and two in 
Berkeley, and sampled one site each in Oakland and Alameda. It was apparent 
from their sediment data that "samples taken only 100 meters apart can have 
disparate contaminant levels." Their analysis identified in all their 
sediment samples a compound, benzothiozole-2, which had not to their 
knowledge previously been identified as a contaminant in marine samples. It 
is an anti-oxidant and an impurity in compounds used in making rubber. It 
is widely used in making automobile tires. The presence of benzothiozole-2 
and of combustion PAHs suggested that San Francisco Bay's con~amination may 
be from motor vehicle wastes entering the Bay as street runoff. 

Fong, et al~ (1982) described the procedure developed and used by the 
San Francisco District Corps of Engineers for determining impacts of 
dredging and disposal and the results they obtained after a year of testing 
sites in San Francisco Bay in 1979. They studied sediments from Oakland and 
Richmond harbors, the Main Ship Channel (outside the Golden Gate), Mare 
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Island Strait, and Suisun Channel first for physical characteristics. They 
found that Suisun and the Main Ship Channels contained sediments which are 
predominantly sand, so they considered further testing unnecessary. They 
analyzed elutriates from Oakland Inner and Outer Harbor and Oakland Army 
Terminal sediments and from Richmond Harbor and Mare Island Strait 
sediments. They compared concentrations of contaminants in these sediment 
elutriates with concentration in water samples from two disposal sites in 
San Francisco Bay. They found concentrations of petroleum hydrocarbons and 
PCBs in most elutriates significantly (p=~95) lower than concentrations in 
disposal site water and only considered further testing (bioassay) necessary 
for Oakland Army Termina~ sediments. 

Organic Contaminants in Mollusks and Crustaceans 

We found data about concentrations of organic contaminants in mollusks 
of San Francisco Bay in Butler (1973), Risebrough (1978), and in California 
State Mussel Watch reports from 1977 sampling through 1983. 

Butler (1973) monitored pesticide levels in mollusks in California from 
1966 through 1972. The average maximum DDT residue he found in San Franciso 
Bay samples was 3,840 ppb (dry wt.)~ Maximum DDT residue was highest 
(11~400 ppb, dry wt~) in mollusks at the West Island sampling site. Butler 
found an average maximum dieldrin resid_ue of 120 ppb (dry wt.) in mollusks 
from San Francisco Bay sampling sites. He found the highest maximum 

. dieldrin residue (215 ppb, dry wt.) in mollusks at Coyote Point. Butler 
detected PCBs in mollusks from most San Francisco Bay sites but could not 
quantify them. 

Risebrough (1978) gave concentrations (acquired via personal 
communication with L. H. DiSalvo) of PAHs in hermit crabs from the Point San 
Pablo area: 500 ppb (dry wt.) for entire body; 21,800 ppb (dry wt.) for 
eggs. The hepatopancreas of a crab, Cancer antennarius, from the same area 
contained 3,100 ppb (dry wt.) PAH while no PAH was detectable in a control 
crab from a coastal area. 

Risebrough (1978) reported concentrations of DDT and its derivatives 
and PCB concentrations in mussels, Mytilus edulis, collected in April, 1976 
from 29 sites in San Francisco Bay: 

120~6 ppb (dry wt.) average total DDT+ derivatives/site 
560.7 ppb (dry wt.) average PCB conc~/site 

Risebrough (1980) as part of the California State Mussel Watch program 
reported concentrations of some individual PAHs in°11ytTlus edulis from sites 
in San Francisco Bay~ Concentrations in ppb (dry wt.) of each PAH in 
mussels from two of these sites follow: 
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Fluorene 
Dihydroanthracene 
Phenanthrene 
1-Methyl phenanthrene 
Fluoranthene 
Pyrene 
Chrysene 
Benzo (a) pyrene 

Hunters Point 
cement pilings 

< 3 
< 6 

6 
5 

11 
140 
200 
< 6 

Treasure Island 
wooden pilings 

9 
7 

1000 
73 

4200 
1900 
3800 
2000 

Mussels from other sites contained lower levels of the various PAHs, some at 
a level too low to accurately quantify. 

Risebrough (1980) gave a level of 790 ppb (dry wt.) PCBs and 56 ppb DDE 
for San Francisco Bay mussels analyzed in winter of 1978, but gave no values 
for these contaminants in San Francisco Bay mussels prior to that year. 

In State Water Resources Control Board's (1982) summary of California 
Mussel Watch 1980-81, they reported monitoring mussels along the open coast 
and within San Francisco Bay in their general "San Francisco Bay Region." 
They foun~ that levels of toxicants increased at sites nearest the Bay's 
entrance. They found PCB concentrations in Bay mussels about ten times 
higher than concentrations in mussels from bays north and south of San 
Francisco. They reported that concentrations of the pesticide chlordane 

· were ten times higher than those measured in Northern California and were 
similar to concentrations in mussels found near urban centers in Southern 
California. They found that a site near the mouth of the Bay produced 
mussels with substantially higher concentrations of dieldrin in 1980 than in 
their earlier measurements in 1979. 

Martin, et al. ( 1982) reported data for organic compounds in mussels, 
Mytilus californianus~ from 1980 California State Mussel Watch sites in San 
Francisco Bay. They transplanted mussels from Bodega Head (an area 
considered "clean") to stations in the Bay, then collected them after about 
five or six months and analyzed them. Average concentrations in ppb (dry 
wt~) among nine stations for each of three compounds follow: 

total chlordane... 66.8 
dieldrin • • • • • • • • • • 31.6 
PCB (1254) •••••••• 1136.7 

Stations where mussels contained the highest PCB concentrations were at 
Hunters Point (1800 ppb, dry wt.) and Treasure Island (1500 ppb, dry wt.). 
PCB levels in mussels from San Francisco Bay stations were 10 to 70 times 
greater than those from the reference station at Tomales Bay. Chlordane 
levels were highest in mussels from the south San Francisco Bay stations. 
"Dieldrin showed little spatial variation within San Francisco Bay" (Martin, 
et al., 1982) • 

Ladd, et al. (1984) reported results of two years (1981-1983) of 
monitoring by the California State Mussel Watch project. This study 
repeated the 1980~1981 study in order to detect possible changes in baseline 
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levels of pollutants and spatial and temporal patterns of distribution~ 
Results from 19.81-1983 showed about the same trends as previous years~ 

Spatial patterns for the three pesticides pp' DDE, chlordane, and 
dieldrin in San Francisco Bay were all different~ Concentrations of pp' DDE 
were greater in mussels from the north Bay than in the south. 
Con~entrations of total chlordane were highest in mussels from the south 
Bay, intermediate in mussels from the north~ and lowest in mussels 
tranplanted to the central Bay~ Dieldrin concentrations increased from the 
north to the south of the Bay. 

Ladd~ et al: (1984) noted temporal patterns with respect to some 
pesticide concentrations in mussels, but not for all pesticides. He noted 
that no significant changes had yet occurrred in pp' DDE concentrations in 
Bay mussels since the beginning of the mussel study about three years 
earlier: He did note "consistently lower chlordane values between 1980 and 
1983~" Concentrations of dieldrin in transplanted mussels~ though~ 
increased slightly in ~his mussel watch study at all but one of the San 
Francisco Bay stations. 

Ladd~ et al~ (1984) reported concentrations of PCBs (Arochlor 1254) in 
San Francisco Bay mussels. Mussels collected during the first two months of 
1982 contained a station average of 191 ppb (dry wt.). Those collected in 
December, 1982 contained an average concentration per station of 296 ppb 
(dry wt.)~ 

Organic Contaminants in Fish 

In 1979 the State Water Resources Control Board decided to commit funds 
for investigation of the effects of water pollution on the striped bass 
(Morone saxatilis) fishery in San Fr~ncisco Bay-Delta. Jung, et al. (1981) 
reported progress of_ this project, called the Cooperative Striped Bass 
Study~ Striped bass from Coos River Oregon were larger and had lower 
concentrations of pesticides in their ovaries than San Francisco Bay-Delta 
bass~ Average concentrations of some pesticides in livers of bass collected 
from four Antioch, California locations follow: 

PCB-1260 ••••••••••••••••••••• 5262.5 ppb, dry wt. 
Total DDT and met~~olit~s •••• 4665.0 ppb, dry wt. 
Total chlordane .•••••••••• ~ .• • ~ 1511 • 0 ppb, dry wt. 
Dieldrin ••••••••••••••••••••• 269.0 ppb, dry wt. 

In the third progress report of the Cooperative Striped Bass study 
Whipple~ et al~ (1983) reported that PCB concentrations were significantly 
higher in gonads of San Francisco Delta fish (San Joaquin and Sacramento 
Rivers) than in gonads of Coos River, Oregon fish. PCB concentrations in 
muscle tissue of Delta fish were also higher than in Coos River fish. Some 
data about pollutant levels in striped bass tissue, reported by Whipple, et 
al~ (1983) are shown here in ppb (dry wt.): 

SFB-D, 
1978.:..80 

Monocyclic Aromatic Hydrocarbons in liver: 
" " " in gonad: 

50-50000 
50-50000 



SFB-D, 
1978-80 

SFB-D, 
1978-80 

Antioch~ 
1978 

Antioch, 
1980 

DDT and metabolites in liver: 350-7000 
" " t1 in gonad: 1 650-22500 

PCBs in 11 ver: 
" " gonad: 

1250~65000 
4050-65000 

PCB-1260 in ovaries: 10000 
DDT and metabolites in ovaries: 6460 
Total chlordane in ovaries: 2310 
Dieldrin in ovaries: 480 

PCB-1260 in ovaries: 850 
DDT and metabolites in ovaries: 3065 
Total chlordane in ovaries: 1100 
Dieldrin in ovaries: 155 

SFB-D = San Francisco Bay-Delta 

In the Summary Report of the Cooperative Striped Bass Study (COSBS), 
Jung, et al. (1984) noted som~ interesting comparisons and trends in 
contaminant levels in striped bass. Bass collected from Coos River, Oregon 
in 1980-1981 "had significantly lower concentrations of contaminants than 
those collected from the Bay-Delta, even though the Oregon fish were 2 to 3 
times older and larger than the Del ta bass collected. t1 Fish from the Hudson 
River had higher concentrations of PCBs, chlordane, and dieldrin in gonads 
than fish from the San Francisco Bay-Delta; but San Francisco Bay-Delta fish 

. had higher levels of DDT and metabolites than Hudson River fish. 

Both DDT and PCB residues in bass declined steadily in 1972, but showed 
a slight increase in recent coses samples. In spite of the general decline, 
[See Figures 2 and 3 from Jung, et al.'s (1984) Figure's 2.2 and 2.4], the 
COSBS found DDT residues at levels that could have detrimental effects on 
egg and larval development. They found PCB residues in bass eggs at levels 
strongly correlated with poor hatching success in Atlantic salmon eggs and 
in some cases levels in bass fillets that were above protective limits. 
"The concentrations of monocyclic aromatic hydrocarbons (MAH) in striped 
bass ovaries were sometimes as high as those observed in the laboratory to 
have adverse effects on the condition of eggs." (Jung, et al. 1984). 

Spies, et al. (1985b) found that chlorinated hydrocarbon levels were 
generally higher in livers than in eggs of starry flounder they sampled from 
San Francisco Bay. They also found that the Richmond-Berkeley area flounder 
had the highest mean concentration of chlorinated hydrocarbons in their 
livers and San Pablo Bay flounder had the lowest mean concentration. 
Folowing is a summary of some of their DDT and PCB concentration data for 
eggs and livers of starry flounder (Values are means of concentrations from 
all spawning female fish analyzed from each area, shown here in ppb, dry 
wt.): 

DDT DDT PCBs PCBs 
in eggs in liver in eggs in liver 

San Pablo Bay ................ 315 1815 461 3105 
Berkeley ..................... 426 4722 588 9270 
Richmond ..................... 388 7638 568 11675 
Alameda Na val Station ........ 633 341w 653 6295 
Oakland, 7th. St. Pier ....... 410 2140 390 2888 
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Spies, et al. (1985a) measured and compared concentrations of toxic 
organic contaminants in starry flounder for several sites within San 
Francisco Bay. They found that the urbanized central bay sites had 
significantly higher concentrations of chlorinated and polynuclear aromati~ 
hydrocarbons in fish livers than the less urbanized San Pablo Bay site. 
Spies~ et al~ (1985a) combined liver extracts from all fishes at each 
station and used EPA method 610 (using HPLC equipped with a fluorescence 
detector) to produce one number per station for total PAH value. Following 
is a summary of the average total PAH, total PCB, and total DDT they found 
in starry flounder liver extracts: 

Locations PAH PCB DDT 

San Pablo Bay. .... 700 1700 1000 
Berkeley ......... 13000 8000 2050 . .. . . . 

· Oakland .......... 7000 11500 2000 
Alameda .......... 70000 11000 2000 

[Concentrations converted from ppb, wet wt~ to ppb dry wt. via dry wt= 
.20 (wet wt~); therefore ppb~ dry wt.= 5(ppb, wet wt.)] 

Effects of Organic Contaminants: Invertebrates 

Armstrong, et al. (1971) explained the development of the water quality 
criterion that a waste discharge must receive a 25 to 1 dilution of its 
relative toxicity in San Francisco Bay. During the the San Francisco Bay­
Delta Water Quality Control Program conducted in the 1960s it became evident 
that toxicity criteria were needed to plan for control of toxic discharges 
and that control must be related to changes in aquatic biota~ Previous 
studies had shown good DO and BOD in the Bay, yet there were more fish kills 
and fish populations were decreasing. They proceeded to calculate benthic 
animal species diversity indices to measure the relative health of the Bay, 
then to correlate the indices with v~lues for chlorosity and sand content of 
sediments from non-polluted areas. Data indicated that damage would be 
observed in benthic fauna where the relative toxicity is not reduced by a 
factor of 25. 

Nichols (1979) reported on benthic community structure in San Francisco 
Bay determined by his sampling in 1973 and from historical data. Numbers of 
benthic macrofaunal species were greatest in the central region of the Bay 
near San Francisco~ but he'found highest total biomass of benthic macrofauna 
in the southern region of the Bay. Explanation for his findings included 
differences in salinity and sediment texture of these regions as well as 
human influ~nces such as introduction of species and diversion of fresh 
water flow. It might be informative to determine more current benthic 
community structure data and analyze these data along with sediment 
structure, salinity and sediment contaminant concentration data. Such a 
study might offer clues regarding possible effects of organic contaminants 
and/or other factors on community structure. 
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Starry Flounder Abnormalities 

Spies, et al~ (1985a) examined 104 starry_ flounder from San Francisco 
Bay for various histopathological abnormalities. They found no fish with 
liver abnormalities in Alameda samples~ only 7% in San Pablo Bay samples~ 
11 'I, in Oakland samples~ and 14'1, in Berkeley samples: We noticed that the 
areas with least fish liver abnormality (Alameda) and second least (San 
Pablo Bay) correspond exactly to the areas containing least (Alameda) and 
second least (San Pablo Bay) PAH in sediments from Spies, et al~ (1985a) 
sediment data: Spies~ et al~ (1985a) noted that Berkeley was the site with 
the greatest extent of fish liver damage and was also the site containing 
the highest sediment concentrations of the toxic, carcinogenic PAH, 
benzo(a)pyrene. They found no abnormal eye tissue in any of the 104 fish 
and found only four fish with neoplastic or preneoplastic lesions. Two were 
from the Berkeley area and one each were from San Pablo Bay and Oakland~ 
None were from Alameda~ Spies, et a1: (1985a) considered the relationship 
between levels of contaminants and abnormalities still not well established. 

Robert Spies (Personal Communication, October 7~ 1985) relayed that he 
and others do see effects on fish and on fish reproduction in San Francisco 
Bay, but that the $64,000 question ev~ryone is trying to answer is what the 
consequences are on the popula~ion. Spies discussed the strong evidence 
that PCBs are having an effect. PCB content of eggs of fish that are 
captured in the field and spawned in the laboratory correlate with reduced 
reproductive success, particularly embryological success~· Spies said that 

-they had been worried that the negative correlation between percent 
reproductive success and total PCBs in eggs might somehow be a result of 
lipid content, so they normalized their values to micrograms PCBs/gram lipid 
and got an even more significant relationship~ Instead of p = .04~ they had 
a "p" value of about .02 or :01: 

Spies (Personal Canmunication, October 7, 1985) also discussed the more 
indirect~ complex relationship of mixed function oxidase (MFO) activity in 
fish to sublethal effects in these fish. They looked at the·MFo activity of 
spawning female fish and found a highly significant (p =· .001) negative 
correlation with percent fertilization and with embryological success (p = 
~045). According to Spies, et al. (1984) exposure of fish to aromatic 
hydrocarbons induces their MFO enzyme system. PCBs are inducers of MFO 
activity, so they may be·the cause along with PAHs for increased MFO 
activity and consequently adverse effects on fish reproduction~ etc. (Spies, 
Personal Communication, October 7, 1985). MFO enzymes are responsible for 
initial transformations of organic contaminants, most notably PAHs, into 
mutagens and carcinogens (Varanasi and Malina, 1977) 

Spies, et al~ (1985b) noted flounder populations from the urbanized 
Richmond-Berkeley area in the central region of the Bay had the highest 
liver concentrations of total chlorinated hydrocarbons, highest hepatic MFO 
activity and lowest fertilization success. San Pablo Bay flounder 
populations exhibited opposite traits. Their livers had the lowest 
concentrations of total chlorinated hydrocarbons, lowest hepatic MFO 
activity and their reproductive success was highest. 
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. . . . . .. 
Striped Bass Abnormalities 

Jung~ 1981, in a progress report of the Cooperative Striped Bass Study 
referred to unpublished data from F~ Fisher, California Department of Fish 
and Game showing an 11~8% incidence of open lesions in striped bass 
collected in 1979 from·the Delta at the confluence of the Sacramento and San 
Joaquin Rivers and an incidence of 8.4% in bass collected there in 1980. 
Toxic pollutants was only one of several hypotheses suggested as caus·es of 
the lesions. 

Results in the third progress report of the Cooperative Striped Bass 
Study (Whipple~ et al. 1983) include sublethal effects observed in San 
Francisco Bay-Delta striped bass. Fish with higher levels of monocyclic 
aromatic hydrocarbons (MAH) including benzene in their liver had more 
lesions and host reactions to parasites in general, had redder or 
hemorrhaged livers, had significantly poorer egg condition and lower 
fecundity. Fish ~1th higher levels of MAH in their ovaries had poorer ovary 
and egg condition. Also fish with higher levels of MAH in their gonads had 
significantly more monocytes in their peripheral blood. There did not 
appear to be any correlation between gonad PCB concentrations and egg, body, 
or liver condition of the fish. 

Whipple, et al. (1983) hypothesized that "chronic exposure to 
pollutants significantly decreases condition, growth and/or reproduction, 
when fish are stressed by extremes in natural environmental factors, such as 
increased salinity or temperature, or decreased flow." They had several 
hypotheses about interactions and mechanisms which may cause reduction of 
striped bass populations in the San Francisco Bay-Delta area. 

Jung, et al. (1984) and Whipple (1984) reported that San Francisco Bay­
Delta fish were in poorer health than Coos River, Oregon fish. Jung, et al. 
(1984) also observed egg condition was significantly poorer in San Francisco 
Bay-Delta fish than in fish from any other area they had sampled. They 
estimated that reduction in fecundity per striped bass spawner in San 
Francisco Bay-Delta due to the combined effects of pollutants and parasitism 
was at least 50 percent in 1978. They thought that "sublethal exposure to 
pollutants combined with parasitic infections may increase the mortality of 
older fish and reduce their fecundity ••• during periods of extreme stress." 
They think long term presence of pollutants in striped bass may be of 
ecological concern since they may affect the reproductive success of the 
fish by damage to the reproductive condition of parent fish, to the egg 
condition and to the development and survival of fertilized eggs and larvae. 

Whipple (1984) noted that some pollutants found in relatively high 
levels in adult striped bass "showed strong correlations with poor health 
and condition, parasite burdens and impaired reproduction." She reported 
that DDT, though not the metabolites DDD and ODE, in liver and gonads were 
associated with abnormal egg development and death of eggs. "Delayed egg 
maturation rates ••• were associated with PCBs in ovaries" (Whipple 1984). 
She listed pollutants most implicated in deleterious effects on fish in 
order. The top four pollutants on her list were organic compounds: 
ethylbenzene; 1 ,2-dimethylcyclohexane; benzene; and toluene. Results of 
laboratory experiments concerning effects of benzene disclosed that benzene 
induced egg resorption in prespawning females similar to resorption in field 
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fish; benzene accelerated and increased inflammatory response in the fish to 
roundworm larvae; benzene was associated with destruction of blood cells 
followed by increased production of immature red and white blood cells. 

Impacts 

In personal interviews on October 7~ 1985 with both Jeanette Whipple at 
Tiberon Fisheries Laboratory, the Southwest Fisheries Center for the 
National Marine Fisheries Service and with Robert Spies at the Lawrence 
Livermore National Laboratory in Livermore, California it was clear that 
there has been a definite impact on fisheries in San Francisco Bay. They 
cannot yet determine if contamination is the cause of the reduced commercial 
fish densities or if it is one contributing factor. 

Whipple's (Personal Communication~ October 7, 1985) data analyses of 
striped bass .. results show that many pollutants do relate to certain problems 
in the fish. She thinks that a combination of DDT and other hydrocarbons 
cause problems~ They a~e positiviely correlated~ DDT accounts for most of 
the variation in step-wise regressions; but in no case did egg resorption 
occur where only DDT was present. Since laboratory experiments have shown 
MAHs can induce effects in fish similar to effects observed in nature, 
Whipple is pretty sure MAHs are·involved, and perhaps PAHs as well, in egg 
resorption. 

Neither Whipple nor Spies seemed to consider over-fishing a major 
factor in the decline of fish populatins in the Bay. They both discussed 
possible effects of changes in net flow in the Bay and effects of net flow 
combined with effects from pollutants. Spies also questioned nutrient 
runoff _or possibly insufficient primary productivity as contributing 
factors. 

Two recent drought years may have been a big factor in incre&sing adult 
mortality (Whipple, Personal Communication, October 7, 1985), though not 
enough measurements are being taken at present to document whether things 
are really worse in dry years or wet years (Spies, Personal Communication, 
October 7~ 1985). Spies commented that a certain amount of rain can bring 
very_ high concentrations of contaminants into the Bay in runoff from the 
land. Continued rain could provide enough dilution, though, to flush out 
the Bay. 

Both Spies and Whipple commented about concern that exists about 
possible detrimental effects of an aquaduct to shunt water from northern to 
southern California. 

Whipple (Personal Communication, October 7, 1985) mentioned somewhat of 
a public health problem in that PCBs are found over FDA limits in body 
tissues of older Bay fish. She also verbalized her concern for the decline 
of striped bass in San Francisco Bay. It is almost to the point of a 
reduced gene pool which could lead to extinction because genetic variability 
may be so reduced. 
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SOUTHERN CALIFORNIA 

In this summary of information about organic pollution and its effects in 
southern California estuarine waters, we concentrate attention on the Los 
Angeles and Long Beach Harbor area and the nearby Palos Verdes shelf. 
According to the 1986 World Almanac the Los Angeles/Long Beach - Anaheim -
Riverside metropolitan area's human population (11~497~568) was second in the 
u:s~A~ in 1980 only to the New York City metropolitan area~ Figure 1 shows 
some key locations along the ·coast of southern California and includes an 
ins~rt showing Los Angeles and Long Beach Harbors and assoc! ated San Pedro 
Bay. 

Literature reporting PCB and pesticide levels in tissues of.fish, 
mussels, and a few other ind~genous fauna and in ~ediments was ample. Data 
about PAH levels were available, but not as abundant. Several investigators 
discussed possible links betwee~ organic contaminants and abnormalities found 
in southern California fishes. Quite a few reports of studies included 
discussions of benthic community structure at sites in the area from different 
periods in time. Investigators usually looked for signs of geographic trends 
possibly related to location of sewage effluent outfalls or petroleum seeps, 
not attempting to check for correlation between benthic community structure 
and concentration of specific organic contaminants in effluents, sediments and 
in the biota themselves. 

Organic Contaminants in Sediments 

There have been many reports of concentrations of organic contaminants in 
southern California sediments. Most investigators measured levels of PCB, 
DDT, and other pesticides. Some discussed temporal and geographical trends. 
In one of the few early studies of PAHs~ Orr and Grady (1967) reported about 
the distribution of perylene in basin sediments. They found a mean 
concentration of 167 ppb (dry wt .• ) of it in their four sediment stations in 
Santa Barbara Basin. 

Tables 1a & 1b summarize PCB and pesticide concentration data from 
studies of southern California sediments from 1971 through 1984. You may note 
particularly high levels in sediments off the Palos Verdes Peninsula. This 
area receives Los Angeles County Sanitation District outfall. Soule and Oguri 
(1980) in their report about the condition of the harbors in Los Angeles and 
Long Beach said "The Whites Point outfall of the Los Angeles County Sanitation 
Districts was the major source of DDT in the local area until it was 
controlled~~~" They also mentioned temporal trends in pesticides. "The 
levels of DDT increased by an order of magnitude in 1978 over the 1973-74 
levels, but most harbor stations were free of DDT" They noted that since 
1973-74 total PCBs have decreased fourfold and in some areas have been 
eliminated. Schafer (1978) gave combined annual emission rates of total DDT 
and total PCB of southern California's five largest municipal wastewater 
discharges from 1971 through 1977 indicating a steady decreasing trend. 
Values are shown in kg/year: 
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Table 1. Concentrations of organic contaminants in southern California 
sediments~ 
A. Concentrations of DDT, Chlordane, etc. in sediments. 

Reference 
SCCWRP (1973) 

SCCWRP (1973) 

SCCWRP ( 1973) 

. Smith ( 1973) 

Young, et al. (1977) 

SCCWRP (1974) 

Chen + Lu ( 197 4 ) 

Chen+ Lu (1974) 

Emerson ( 1974) 

Young, et al. (1977) 

Young+ Heeson (1978) 

Bascom, et al. ( 1979) 

Bascom, et al. (1979) 

Bascom, et al. (1979) 

Bascom, et al. (1979) 

Sampling 
Year 
1971 

1971 

1972 

1972 

1972 

1972 

1973 

1973 

? 

1975 

1976 

1977 

1977 

1977 

1977 

Bascom, et al. ( 1979) ? 
In: Word + Mearns ( 1979) 

Location 
Santa Monica Bay around 
the Hyperion Outfall 
Systan 

Mean Cone. 
(pp b , dry wt ~ ) 
EDDT: 513 

(100-2,400) 1 

Orange Co. Outfall area EDDT: 
north of Newport Beach 

48 

Santa Monica Bay around EDDT: 
the Hyperion Outfall 

130 

System 

Los Angeles Harbor 

off Palos Verdes 
Peninsula 

off Palos Verdes 
Peninsula 

DDE + DDD: 
3,655 

EDDT: 65,837 

EDDT: 61,327 

Los Angeles and Long EDDT: 491 
Beach Harbors 

San Pedro Bay EDDT: 

Inner Los Angeles 1:DDT: 
Harbor, at s. Calif. gas 
pipeline crossings 

252 

864 

off Palos Verdes EDDT: 40,976 
Peninsula 

Los Angeles Co. Sanit. 1:DDT: 94,000 
Dist. Outfall Zones off 
Palos Verdes 

Santa Monica Bay 

Palos Verdes 

S. San Pedro Bay 

Point Loma, 
near San Diego 

Southern California 
Bight 

82 

EDDT: 227* 

EDDT: 175, 000* 

1:DDT: 

EDDT: 

EDDT: 

3* 

1* 
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( 1985) 1984 Entrance Channel~ 
. . .. 

Soule + Oguri Chlordane: 
Marina del Rey 721 

Soule + Oguri ( 1985) 1984 Oxford Flood Control Chlordane: 
Basin, Marina del Rey 468 

Bascom (1985) 83.:..a4 Santa Monica Bay I:DDT: 120 

Bascom ( 1985) a3.:..84 Santa Monica Bay DDT metabolites: 
800 

Bascom ( 1985) 83.:..a4 Palos Ver des I:DDT: 19,100 

... Bascom ( 1985) af-84 Palos Verdes DDT metabolites: 
78,800 

B. Concentrations of 1:PCB in sediments. 

SCCWRP (1973) 1971 Santa Monica Bay, around 924 
the Hyperion Outfall (10-12000) 1 

System 

SCCWRP ( 1973) 1971 Orange Co. Outfall area 29 
north of Newport Beach 

SCCWRP ( 1973) 1972 Santa Monica Bay, around 64 
the Hyperion Outfall 
System 

Chen + Lu (1974) 1973 Los Angel es and Long 876 
Beach Harbors 

Chen + Lu ( 1974) 1973 San Pedro Bay 176 

Emerson ( 197 4) ? Inner Los Angeles 2,488 
Harbor, at S. Calif. gas 
pipeline crossings 

Young, et al. ( 1977) 1975 off Palos Verdes 3,400 
Peninsula 

Young+ Heeson (1978) 1976 Los ~ngeles Co. Sanit. 1 o, 900 
Dist. Outfall Zones, 
off Palos Verdes 

Bascom, et al. ( 1979) 1977 Santa Monica Bay 288* 

Bascan, et al. ( 1979) 1977 Palos Verdes 10, 900* 
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Bascom, et al. (1979) 1977 s. San Pedro Bay 254* 

Bascom, et al. ( 1979) 1977 Point Loma, 
near San Diego 37* 

Bascom, et al. (1979) ? Southern Cal if ornia 10 
In: Word + Mearns ( 1979) Bight 

Bascom ( 1985) 83-84 Santa Monica Bay 18 

Bascom (1985) 83-84 Santa Monica Bay PCB metabolites: 
6,700 

Bascom (1985) 83-84 Palos Verdes 670 

Bascom (1985) 83-84 Palos Verdes PCB metabolites: 
36~400 

1 Ranges are shown in parentheses under mean value when the range of 
concentrations is wide. 

* maximum concentration 

84 



l:DDT 
I:PCB 

21700 
8730 

6600 
9830 

4120 
4620 

2120 
9390 

1989 
6011 

1673 
4310 

1219 
2183 

Data from Chan and Lu (1974) in Table 1b illustrate the relatively high 
concentrations of PCBs in Los Angeles-~ong Beach Harbor surface sediments in 
1973 compared to San Pedro Bay sediments. 

Young~ et al~ (1976) considered DDT and its metabolites the most 
important of the synthetic organic contaminants of the marine ecosystem off 
southern California. They blamed municipal wastewaters passing through the 
Joint Water Pollution Control Plant (JWPCP) outfalls of the Los Angeles County 
Sanitation Districts for over 95 percent of the DDT introduced into southern 
California Bight waters in 1972. Total output of DDT from southern 
California's five largest municipal wastewater dischargers decreased by 20-30 
percent per year 1971-1981, though "PCBs have not dropped much since 1979" 
(Bascom, 1983) ~ 

Young, et al. (1977) pointed out the persistance of chlorinated 
hydrocarbons in bottom sediments in southern California. "Despite major 
decreases in DDT and PCB emissions over a three year period by the dominant 
discharger to a coastal site, only minor ••• decreases were observed in 
concentrations .~. in bottom sediments" (Young, et al., 1977). 

Organic Contaminants in Biota 

According to Smokler, et al. (1979) total annual emissions of DDT from 
the Los Angeles County Sanitation District's underwater outfalls decreased 
through source control by a factor of 30 between 1971 and 1977; yet DDT 
residue levels in Dover sole did not decrease. Their study did, however, 
reveal a decrease in DDT residues in black perch flesh. They reported that in 
Spring, 1971, 50 percent of Dover Sole specimens collected from the Joint 
Water Pollution Control Plant of the Los Angeles County Sanitation Distri eta 
exceeded the U.S. Food and Drug Administration (FDA) guideline of 5 ppm, wet 
wt. DDT (25000 ppb·, dry wt.). In Fall, 1971, 80 percent of the Dover Sole 
specimens exceeded this guideline. In Spring, 1975, 83 percent exceeded the 
guideline for DDT residue. 

Young (1978) noted a gradual decline in levels of DDT and PCB in mussels 
from the Palos Verdes environment, specifically Royal Palms mussels, following 
initiation of the source and use control of these contaminants in the early 
1970's. 

The California State Mussel Watch Monitoring Program sponsored by the 
State Water Resources Control Board and performed by the California Department 
of Fish and Game began monitoring accumulation of metals and organic toxicants 
in marine mussels in 1977. Mussels proved to be excellent indicators of 
marine water quality. They are ubiquitous along California's coast. They 
concentrate toxicants in their tissues and, of course, they are stationary 
(Risebrough, et al., 1980; Ladd, et al. 1984; State Water Resources Control 
Board, Surveillance and Monitoring Section, 1982). According to the summary 
by the State Water Resources Control Board, 
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Surveillance and Monitoring Sec~ion (1982); in considering results of Mussel 
Watch .along the ·e~tire coast, "The ~o.uthern California Bight exhibits t~e 
greatest number of sites that have consistently displayed problematical 
levels of toxicants~" In this same summary they reported finding chlordane 
concentrations about ten times higher in Marina de! Rey mussels than in 
mussels from adjacent sampling stations. Marina de! Rey mussels had 
chlordane concentrations 100 times those of Northern California mussels. 
They also reported strikingly higher DDT and PCB concentrations in Los 
Angeles-Long Beach Harbor mussels than in mussels from reference stations. 
DDT concentrations in these harbor area mussels were 300 times above 
oceanside reference station mussels. PCB levels were 10 to 100 times 
greater than reference station mussels. 

Ladd, et al~ (1984) discuss~d patterns of ODE and PCB distribution in 
mussels along California's coast. They noted that organic pollutants seemed 
to remain concentrated near point sources. They found that both pp' ODE and 
PCB concentrations were elevated in the Southern California Bight, 
specifically near major wastewater outfalls such as those around Royal 
Palms. 

Mearns (1981) showed that concentrations of DDT in muscle tissue of 
popular seafood organisms from the Palos Verdes shelf during 1975-76 
sampling period appeared to increase wi t.h increase in trophic level and with 
proximity to the benthic environment. He also reported that of seafood 
organisms analyzed, abalone, scallop, prawn, crab, sanddab, scorpionfish and 
boccacio, only the sanddab's DDT concentration exceeded U.S. Food and Drug 
Administration standard. Mearns and Sherwood (1977), however, reported that 
DDT concentrations in muscle tissue of many Palos Verdes fish specimens 
exceeded the FDA standard for safe human consumption. 

Dunn and Young (1976) reported concentrations of benzo(a)pyrene in 
whole soft mussel tissue collected from southern California sites in 1974. 
Mytilus californianus from a rock substrate off the Palos Verdes peninsula 
contained 1.5 ppb, dry wt. benzo(a)pyrene; M. californianus from a rock 
substrate at the Long Beach breakwater contained 1.0 ppb, dry wt~; M. 
caliornianus from pilings in the Santa Barbara Harbor contained 0.3 pp"fi"; 
dry wt. 

Spies~ et al. (1982) collected the common flatfishes, Citharicthys 
sordidus and C. stigmaeus from four areas during 1979-1980: (1) central 
Monterey Bay, a"""relatively pristine area in northern California, (2) a 
petroleum seep in the Santa Barbara Channel, (3) the Los Angeles sewer 
system discharge area in Santa Monica Bay and (4) the Los Angeles County 
Sanitation Districts outfall on the Palos Verdes shelf. Then they measured 
hepatic mixed function oxidases in these flatfish. They also conducted 
experiments in which they fed flatfishes diced squid without contaminants, 
diced squid augmented with seep-oil, and diced squid augmented with the PCB 
1254. Their data showed that pollutant induced fishes could exhibit 
quantitative and qualitative differences in mixed function oxidase activity. 
Induction by petroleum hydrocarbon, PCB, or other xenobiotics from sewage 
discharge produced the same qualitative mixed function oxidase response. 
"The hepatic MFO system in the California flatfishes Citharicthys sordidus 
and c. stigmaeus is a sensitive and useful way to monitor biologically 
meaningful levels of xenobiotics in the coastal environment" (Spies, et al., 
1982). 

Following in Tables 2a and 2b and Tables 3a and 3b is a summary of data 
concerning concentrations of organic contaminants in fish and invertebrates 
of southern California. 
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Table 2a. E DDT concentrations in southern California fish in ppb (dry wt.). 

fl!:\ 

Sampling Mean 
Fish* Location Vear Concentration** Reference 
Dover sole, Palos Verdes 71-72 65,000 SCCWRP (1973) 
muscle 

1 Dover sole, Santa Monica 71-72 4,500-36,000 SCCWRP (1975) 
muscle 

1 
Dover sole, Palos Verdes 71-72 16,000-225,000 SCCWRP (1975) 
mscle 

1 
Dover sole, Orange County 71-72 3,500-22,000 SCCWRP (1975) 
mscle 
Dover sole, Palos Verdes 71-72 125,000 Young, et al. (1976) 
mscle 
Dover sole, L.A. Co. Sanitation Oists. outfall 1972 130,000 Young, et al. (1977) 
nuscle 

1 Dover sole, Palos Verdes 1973 2,600-13,000 SCCWRP (1974) 
mscle 
Dover sole, L.A. Co. Sanitation Oists. outfall 1973 80,000 Young, et al. (1977) 
mscle 
Dover sole, L.A. Co. Sanitation Dists. outfall 1974 75,000 Young, et al. (1977) 
muscle 

1 
Dover sole, Santa Monica 74-75 3,000-8,500 SCCWRP (1975) 
muscle 

1 
Dover sole, Palos Verdes 74-75 48,500-125,000 SCCIRP (1975) 
nuscle 1 
Dover sole, Orange County 74-75 3,500-130,000 SCCWRP (1975) 
nuscle 1 
Dover sole, Palos Verdes 1975 4,000-50,000 SCCWRP (1975) 
muscle 

1 
Dover sole, Orange County 1975 1,000-2,000 SCCWRP (1975) 

~ muscle 
600,000-950,000

1 
SCCWRP (1975.) Dover sole, Palos Verdes 1975 

liver 1 
Dover sole, Orange County 1975 8,000-12,000 SCCWRP (1975) 
liver 1 
Dover sole, Palos Verdes 1975 28,000-150,000 SCCWRP (1975) 
gonads 1 
Dover sole, Orange County 1975 1,000-4,000 SCCWRP (1975) 
gonads 
Dover sole, L.A. Co. Sanitation Dists. outfall 1975 125,000 Young, et al. (1977) 
muscle 
Dover sole, L.A. Co. Sanitation Dists. outfall 1976 55,500 Young + Heesen (1978) 
muscle 
Dover sole, L.A. Co. Sanitation Oists. outfall 1976 1,225,000 Young+ Heesen (1978) 
liver 1 
Dover sole, Santa Monica Bay ? 3,000-8,500 Mearns+ Sherwood ( 1977) 
muscle 1 
Dover sole, Palos Verdes ? 48,500-125,000 Mearns+ Sherwood (1977) 
muscle 1 Dover sole, S. San Pedro Bay ? 3,500-130,000 Mearns+ Sherwood (1977) 
muscle 
Dover sole, Dana Point (Control Site) 1976 300 Young+ Gossett (1980) 
liver 
Dover sole, L.A. Co. Sanitation Dists. outfall 1977 1,650,000 Young+ Cossett (1980) 
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liver 
Scorpion fish, Dana Point (Control Site) 75-77 485 Young+ Cossett (1980) 
muscle 
Scorpionfish, L.A. Co. Sanitation Dists. outfall 75-77 18,000 Young+ Cossett (1980) 
muscle 
Pacific sanddab, Hyperion 1978 130,000 Young+ Cossett (1980) 
liver 
White croaker, Palos Verdes 81-82 38,150 Bascom ( 1983) 
muscle 
White croaker, Whites Point 81-82 38,000 Bascom (1983) 
muscle 
White croaker, Santa Monica Bay 81-82 2,850 Bascom (1983) 
muscle 
White croaker, Redondo Area Piers 81-82 1,100 Bascom (1983) 

~ muscle 
White croaker, Malibu/Santa Monica Pier 81-82 265 Bascom ( 1983) 
muscle 
White croaker, Marina del Rey+ Venice Pier 81-82 3,650 Bascom (1983) 
muscle 
White croaker, Los Angeles+ Long Beach 81-82 5,400 Bascom ( 1983) 
muscle 
Scorpionf ish, Palos Verdes 81-82 1,340 Bascom (1983) 
muscle 
Spiny dogfish, Palos Verdes 81-82 327,500 Bascom ( 1983) 
muscle 
Dover sole, Palos Verdes 81-82 35,850 Bascom (1983) 
muscle 
Scorpion fish, Whites Point 81-82 3,800 Bascom ( 1983) 
muscle 
Scorpion fish, Santa Monica Bay 81-82 2,700 Bascom (1983) 
muscle 
Spiny dogfish, Palos Verdes ? 220,000 Bascom (1982) 
muscle 
Scorpionfish, Palos Verdes ? 1,100 Bascom (1982) 
muscle 
Dover sole, Palos Verdes ? 29,950 Bascom (1982) 
muscle 
White croaker, Palos Verdes ? 37,600 Bascom (1982) 
muscle 
Yellowchin sculpin, Santa Monica 83-84 65,000 Bascom (1985) 
liver 
Yellowchin sculpin, Palos Verdes 83-84 370,000 Bascom (1985) 
liver 
Longspine combfish, Santa Monica 83-84 60,000 Bascom (1985) 

~ liver 
Longspine combfish, Palos Verdes 83-84 430,000 Bascom (1985) 
liver 
Pacific sanddab, Santa Monica 83-84 210,000 Bascom (1985) 
liver 
Pacific sanddab, Palos Verdes 83-84 3,050,000 Bascom (1985) 
liver 
Yellowchin sculpin, Palos Verdes 83-84 345,000 Bascom (1985) 
liver 
Scorpionfish, Santa Monica 83-84 70,000 Bascom (1985) 

liver 
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Scorpionfish, Palos Verdes 
liver 
Longspine combfish, Santa Monica 
liver 
Longspine combfish, Palos Verdes 
liver 
Pacific sanddab, Santa Monica 
liver 
Pacific sanddab, Palos Verdes 
liver 

* Fish species: Dover sole (Hicrostonus pacificus) 
Scorpionfish (Scorpaena guttata) 
Pacific sanddab (Citharichthys sordidus) 
White croaker (Genyonemus lineatus) 
Spiny dogfish (Sgualus acanthias) 

83-84 

83-84 

83-84 

83-84 

83-84 

Yellowchin sculpin (Icelinus guadriseriatus) 
Longspine cod>fish (Zaniolepis latipinnis) 

1. Range given. 

140,000 Bascom ( 1985) 

not detected Bascom (1985) 
(DDT metabolites) 

315,000 Bascom (1985) 
(DDT metabolites) 

85,000 Bascom (1985) 
(DDT metabolites) 
1,315,000 Bascom (1985) 
(DDT metabolites) 

** Wet wt. converted to dry wt. via Dry wt.= .20 (Wet wt.); therefore, ppb, Dry wt.= S(ppb, Wet wt.) 
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Table 2b. EPCB concentrations in southern California fish in ppb (dry wt.). 

* 
Sampling Mean 

** Fish Location Year Concentration Reference 

Dover sole, Palos Verdes 71-72 9,800 SCCWRP (1973) 
nuscle 

1 Dover sole, Santa Monica 71-72 2,000-14,000 SCCWRP (1975) 
nuscle 

1 Dover sole, Palos Verdes 71-72 3,500-33,000 SCCWRP (1975) 
muscle 

1 Dover sole, Orange County 71-72 500-6,000 SCCWRP (1975) 
muscle 
Dover sole, L.A. Co. Sanitation Dists. outfall 1972 11,500 Young, et al. (1977) 
nuscle 
Dover sole, L.A. Co. Sanitation Dists. outfall 1973 10,000 Young, et al. (1977) 
muscle 
Dover sole, L.A. Co. Sanitation Dists. outfall 1974 7,500 Young, et al. (1977) 
muscle 

1 Dover sole, Santa Monica 74-75 5,000-11,500 SCCWRP (1975) 
DJSCle 

1 Dover sole, Palos Verdes 74-75 300-11,000 SCCWRP (1975) 
nuscle 

1 Dover sole, Orange County 74-75 1,500-13,000 SCCWRP (1975) 
muscle 

1 Dover sole, Palos Verdes 1975 500-5,500 SCCWRP (1975) 
muscle 

1 Dover sole, Orange County 1975 3,000-7,000 SCCWRP (1975) .... nusc;le 
1 Dover sole, Palos Verdes 1975 55,000-90,000 SCCWRP (1975) 

liver 
1 Dover sole, Orange County 1975 24,000-65,000 SCCWRP (1975) 

liver 
1 Dover sole, Palos Verdes 1975 4,000-26,000 SCCWRP (1975) 

gonads 
1 Dover sole, Orange County 1975 3,500-23,000 SCCWRP (1975) 

gonalls 
Dover sole, L.A. Co. Sanitation Dists. outfall 1975 9,500 Young, et al. (1977) 
muscle 
Dover sole, Palos Verdes 75-76 9,100 SCCWRP (1976) 
with fin erosion, muscle 
Dover sole, Palos Verdes 75-76 93,500 SCCWRP (1976) 
with fin erosion, liver 
Dover sole, Palos Verdes 75-76 795 SCCWRP (1976) 
no fin erosion, muscle 
Dover sole, Palos Verdes 75-76 18,450 SCCWRP (1976) 
no fin erosion, liver 
Dover sole, L.A. Co. Sanitation Dists. outfall 1976 3,700 Young+ Heesen (1978) 
muscle 
Dover sole, L.A. Co. Sanitation Dists. outfall 1976 88,000 Young + Heesen (1978) 
liver 

1 
Dover sole, Santa Monica Bay 1 5,000-11,500 Mearns+ Sherwood (1977) 
muscle 

1 
Dover sole, Palos Verdes ? 300-12,500 Mearns+ Sherwood (1977) 
muscle 
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Dover sole, S. San Pedro Bay ? 1,500-14,000 
1 Hearns+ Sherwood (1977) 

muscle 
Scorpionfish, Dana Point (Control Site) 75-77 215 Young+ Gossett (1980) 
muscle 
Scorpion fish, L.A. Co. Sanitation Dists. outfall 75-77 2,850 Young+ Gossett (1980) 
muscle 
White croaker, Palos Verdes 81-82 1,915 Bascom (1983) 
muscle 
White croaker, Whites Point 81-82 1,900 Bascom (1983) 
muscle 
White croaker, Santa Monica Bay 81-82 1,000 Bascom (1983) 
muscle 
White croaker, Redondo Area Piers 81-82 275 Bascom (1983) 
muscle 
White croaker, Malibu/Santa Monica Pier 81-82 75 Bascom (1983) 
muscle 
White croaker, Marina del Rey+ Venice Pier 81-82 548 Bascom (!983) 
muscle 
White croaker, Los Angeles+ Long Beach 81-82 885 Bascom (1983) 
muscle 
Scorpionfish, Palos Verdes 81-82 220 Bascom (1983) 
mscle 
Spiny dogfish, Palos Verdes 81-82 25,600 Bascom (1983) 
muscle 
Dover sole, Palos Verdes 81-82 1,395 Bascom (1983) 
muscle 
Scorpion fish, Whites Point 81-82 330 Bascom (1983) 
muscle 
Sco~pionfish, Santa Monica Bay 81-82 650 Bascom (1983) 
nuscle 
Spiny dogfish, Palos Verdes ? 15,500 Bascom (1982) 
muscle 
Scorpion fish, Palos Verdes ? 240 Bascom (1982) 
muscle 
Dover sole, Palos Verdes ? 1,275 Bascom (1982) 
muscle 
White croaker, Palos Verdes ? 1,770 Bascom (1982) 
muscle 
Yellowchin sculpin, Santa Monica 83-84 6,000 Bascom (1985) 
liver 
Yellowchin sculpin, Palos Verdes 83-84 11,500 Bascom (1985) 
liver 
Longspine combfish, Santa Monica 83-84 6,500 Bascom (1985) 
liver 
Longspine combfish, Palos Verdes 83-84 29,500 Bascom (1985) 
liver 
Pacific sanddab, Santa Monica 83-84 24,000 Bascom (1985) 
liver 
Pacific sanddab, Palos Verdes 83-84 70,000 Bascom (1985) 
liver 

* Fish species: Dover sole (Microstomus pacificus) 
Scorpionfish (Scorpaena guttata) 
Pacific sanddab (Citharichthys sordidus) 
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1. Ranges given. 

White croaker (Genyonemus llneatus) 
Spiny dogfish {Squalus acanthlas) 
Yellowchln sculpln (Icellnus quadrlserlatus) 
Longsplne combflsh (Zanlolepls latlpinnis) 

** Wet wt. converted to dry wt. via Ory wt.= .20 (Wet wt.); therefore, ppb, Dry wt.= 5(ppb, Wet wt.). 
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~-

Table 3a. DDT and other pesticide concentrations in whole soft tissue (unless 
otherwise indicated} of southern California invertebrates in ppb (dry 
wt:). 

* Organism 

M. californianus 
{mussel} 
M~ californianus 
{mussel) 
Cancer anthonyi 
(crab) 
Cancer anthonyl 
(~rab muscle) 
M. edulis 
(~ussel} 
M. californianus 
(mussel} 
Cancer anthonyi 
( crab muscle) 
Cancer anthonyi 
(~rab muscle} 
M. californianus 
(mussel) 
intertidal mussels 

Mytilus sp. 
"(mussels} 
M~ californianus 
(mussel} 
,Mysids and decapod 
shrimp 
Sicyonia 
( prawn muscle) 
M. californianus 
Cm.ussel) 
M. edulis 
(mussel) 
M: calif orni anus 
(~ussel} 
M. californianus 
(mussel) 
M. edulis 
(mussel) 
M·. cal if orni anus 
(mussel} 
M~ californianus 
(mussel) 
M. californianus 
(mussel) 
M. californianus 
(m.ussel) 
M. edulis 
(mussel) 

** Sampling Mean 
Location Year Cone. Ref er ence 

Santa Mon! ca 1971 

Palos Verdes 1971 

Palos Verdes 71 -72 

Palos Verdes 71-72 

L.A.+ Long Beach 1974 
Harbors 
Palos Verdes 1974 
Peninsula . . . 
L.A. Co. San! t. 75-77 
Dist. Outfalls 
Dana Point 75-77 
(Co~tro~ Site) 
L.A. Co. Sanit. 75-77 
Dist. Outfalls 
Royal Palms 1977 

L.A. Harbor 1978 

Royal Palms 1978 

Palos Verdes ? 

Palos Verdes ? 

Royal Palms 1980 

L.A. + Long Beach 1980 
Harbors 
L.A. Harbor 1980 
transplant station 
Royal Palms 1980 

L.A. + Long Beach 1980 
Harbors 
Marina del Rey 1980 
tra~splant station 
L.A. + Long Beach 1980 
Harbors 
Palos Verdes 1980 
Peninsula 
L.A.+ Long Beach 1980 

L.A.+ Long Beach 1980 
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1~9001SCCWRP (1973) 

20,500~SCCWRP (1973) 

3,750~SCCWRP (1974) 

1 5,100 Young, et al. (1976) 
.. 1 

2,095.Young + Heesen (1974) 

4,875 1SCCWRP (1975) 

7~500 1Young + Gossett (1980) 

201Young + Gossett (1980) 

7,0oo1Young + Gossett (1980) 

2,0oo1Young (1978) 

2 230 Risebrough, et al. (1980) 

250 2Risebrough, et al. (1980} 

1,950 1Bascan (1982) 

1,4151Bascom (1982) 

43Martin~ et al. (1982) 

133Martin, et al. (1982) 

353Martin~ et al. (1982) 

46 4Martin, et al. (1982) 

674Martin, et al. (1982) 

780 4Martin, et al. (1982) 

111 4Martin~ et al. ( 1982) 

1~3051Martin, et al. (1982) 

1,4651Martin, et al. (1982) 

2,282 1Martin, et al. (1982) 



Mysids + decapods 

Ridgeback prawn 

M. californianus 
transplanted mussels 
M. edulis 
(mussel) 
M. californianus 
{mussel) 
Red pointer crab 
hepa t opancr eas 
Red pointer crab 
hepatopancreas 
Ridgeback prawn 
he pat pancreas 
Ridgeback prawn 
hepa t opancr eas 
Red pointer crab 
h~patopancreas 
Red pointer.crab 
hepatopancreas 
Ridgeback prawn 
muscle 
Ridgeback prawn 
muscle 

1. tDDT 
2. DOE 
3. Dieldrin 
4 ~ Chlordane 
5. DDT metabolites 

. . 
Palos Verdes 

Palos Verdes 

L.A. + Long Beach 
Harbors 
L.A. + Long Beach 
Harbors 
Royal Palms 

Santa Monica 

Palos Verdes 

Santa Monica 

Palos Verdes 

Santa Monica 

Palos Verdes 

Santa Monica 

Palos Verdes 

81~82 1 ~ 61 5 1 Bas com ( 1983) 

81~82 1, 6351Bascom (1983) 

81-82 
.. 1 . 

1,341 Ladd, et al. (1984) 

82-83 1 ~ 296 \add, et al. (1984) 

82-83 11 3Ladd~ et al. ( 1984) 

83-84 25,000 1Bascan ( 1985) 

83~84 
. 1 

220,000 Bascom ( 1985) 

83~84 
. 1 

60, 000. Bas com C 1985) 

83-84 245,000 1Bascan ( 1985) 

83~84 245, ooo 5Bascan C 1985) 

83-84 700 ~ ooo5Bascan ( 1985) 

83~84 155 ~Bascan ( 1985) 

83~84 4,250 1Bascan ( 1985) 

* R!dgeback prawn (Sicyonia ingentis) 
Red pointer crab (Mursia gaudichaudii) 

** Wet wt~ converted to dry wt. via Dry wt.= .20(Wet wt~); therefore, Dry wt. = 
5(ppb, wet wt~) 
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Table 3b. PCB concentrations in whole soft tissue (unless otherwise indicated) of 
southern California invertebrates in ppb ( dry wt~)~ 

* Organism 

Cancer anthonyi 
(~rab) 
M. californianus 
(~ussel) 
M. californianus 
(~ussel) 
M. californianus 
([!lUSSel) 
M. edulis 
(J!lUSSel) 
M. californianus 
(mussel) 
Cancer anthonyi 
( crab muscle) 
Cancer anthonyi 
( ~rab muscle) 
M. californianus 
(mussel) 
intertidal mussels 

Mytilus sp. 
(J!l uss els) 
M. californianus 
(mussel) 
Mys! ds and decapod 
shrimp 
Sicyonia 
(prawn muscle) 

M. californianus 
{~ussel) 
M. edulis 
(mussel) 
M. californianus 
(mussel) 
Mysids + decapods 

Ridgeback prawn 

Mussels 

Mussels 

Mussels 

Mussels 

M. edulis 
{mussel) 
M~ californianus 

** Sampling Mean 
Location Year Cone. Reference 

Palos Verdes 71-72 

Santa Monica 1971 

Palos Verdes 1971 

Palos Verdes 1974 

L.A. + Long Beach 1974 
Harbors 
Palos Verdes 1974 

L.A. Co. Sanit. 75-77 
Dist. Outfalls 
Dana· Point 75-77 
(Contro~ Site) 
L.A. Co. Sanit. 75-77 
Dist. Outfalls 
Royal Palms 1977 

L.A. Harbor 1978 

Royal Palms 1978 

Palos Verdes ? 

Palos Verdes ? 

Royal Palms 1980 

L.A. + Long Beach 1980 

Marina del Rey 1980 

Palos Verdes 81-82 

Palos Verdes 81-82 

L.A. + Long Beach 1982 
Harbors 
Whites Point 1982 

Royal Palms 1982 

Marina del Rey, 1982 
North Docks 
L.A. + Long Beach 82-83 
Harbors 
Royal Palms 82-83 
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3~3752SCCWRP (1974) 

750 2Young + Heesen ( 1978) 

2~250 2Young + Heesen (1978) 

600 2Young + Heesen (1978) 

1~1352Young + Heesen (1974) 

6102sCCWRP (1975) 

1~8501Young + Gossett (1980) 

1601Young + Gossett (1980) 

850 1Young + Gossett (1980) 

3001Young (1978) 

270 1Risebrough, et al. (1980) 

250 1Risebrough, et al. (1980) 

1551Bascan (1982) 

2551Bascom (1982) 

3902Martin, et al. (1982) 

490 2Martin, et al. (1982) 

1~8oo2Martin~ et al. (1982) 

1601 Bas can ( 1983) 

3051Bascom (1983) 

8292Ladd, et al. (1984) 

1102Ladd, et al. (1984) 

1502Ladd~ et al. (1984) 

1,0002Ladd, et al. (1984) 

8692Ladd, et al. (1984) 

2902Ladd, et al. (1984) 



(mussel) 
Red pointer cr·ab 
hepatopancreas 
Red pointer crab 
hepatopancreas 
Ridgeback prawn 
hepa topancreas 
Ridgeback prawn 
hepatopancreas 

1. 
2. 

IPCB 
PCB 1254 

Sant a Moni ca 

Palos Ver des 

Santa Monica 

Palos Ver des 

* Ridgeback prawn (Sicyonia ingentis) 
Red pointer crab (Mursia gaudichaudii) 

83-84 

83-84 

83-84 

83-84 

** Wet wt~ converted to dry wt. via Dry wt~= 
5 (pp b ~ Wet wt ~ ) 
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2~500 1Bascom ( 1985) 

23~500 1Bascom (1985) 

15,000 ~Bas can ( 1985) 

9~000 1Bascan ( 1985) 

.20(Wet wt~); therefore, ppb Dry Wt.= 



Effects: Populations 

Reish (1980) investigated the effect of the discharge of domestic 
wastes on benthic communities in southern California and made predictions o~ 
these effects based on the quantity of primary effluent discharged per day. 
He noted biological enhancement, i ~e ~ an increase in biomass~ number of 
species and specimens, and diversity, where less tha~ 18 million liters of 
primary effluent per day were discharged. The biomass, number of speci~ens, 
and area affected increased, but the number of species, diversity, and 
richness decrease~ where the amount of discharge exceeded 40-180 million 
liters per ·day. The discharge he reported from all the major sewage 
outfalls in southern Calif9rnia in 1977 exceeded the amount likely to 
degrade marine benthic communities: 

Source of Effluent 
San Diego 
Los Angeles County 
Orange County 
Los Angeles City 

Discharge Location 
Point Lana 
Whi tea Point 
N. of Newport Bay 
Santa Monica Canyon 

Primary Effluent Discharged 
440 million liters per day 

1270 million liters per day 
606 million liters per day 
830 million liters per day 

Reish (1971) studied changes in communities of fauna inhabiting sites 
in Los Angeles Harbor following the termination of oil refinery discharge in 
September, 1970 in compliance with an order by the California Regional Water 
Quality Control Board. The first change noted was improved water quality 
and appearance of dissolved oxygen~ Rei sh ( 1971) reported "Successful 

. settlement and growth of a greater diversity of organ! sms occurred more 
rapidly on the boat floats than the benthos because of the lack of 
accumulative wastes characteristic of the bottom~" The water quality 
improvement appeared sufficient for Reish to predict that Mytilus edulis 
would become the dominant organism on the boat docks in 1971. · 

Bascom (1982) evaluated the benthic infauna! situation in areas 
surrounding sewage outfalls in southern California and at 28 control 
stations where there were no indications of human disturbance. He used 
three parameters, number of species, number of individuals per square meter, 
and biomass per square meter, to determine Infauna! Index and to establish 
three descriptions for areas: "normal," "changed," and "degraded." The 
size of the changed2area around outfalls varied. The ch~nged area for Los 
Angeles City was 48*m; for Los Angeles County it was 85km. Around the S~ 
Diego outfall 4km were changed; around Orange County outfalls, 10km • 
Conditions in the Ventura area fell within the normal range. The o~y two 
degraded areas in ~outhern California according to Bascom were 3km at Los 
Angeles City and 9km at Los Angeles County. 

Bascom's summarizing comments were hopeful. "In areas where serious 
damage to the environment has been observed in the past, there has been 
notable recovery of the marine life" (Bascom, 1982). He cited reappearance 
of pelicans and species of algae including the giant kelp. He certainly 
recognized room for improvement in environmental conditions, but felt "there 
are no very serious problems either." 

Concurring with Bascom (1982) was Mearns (1981) who commented, 
"Conditions attributable to sewage discharges were considerably better in 
1980 than in 1970. 11 Mearns also cited return of kelp beds, dramatic 
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increases in abundance and diversity of_ seaweed~ and invertebrats during the 
previous four· years at Palos Verdes, apparently in response to decreased 
emission from the discharge there. However~ Mearns (1981) noted that 
"repeated and standardized benthic surveys" indicate changed communities at 
all outfall sites in southern California except at Oxnard (between Santa 
Monica Bay and Santa Barbara)~ He called the changes most pronounced at 
Palos Verdes and at the Hyperion _outfall in Santa Monica Bay. where 
communities are dominated by deposit-feeding polychaetes and mollusks. 

Mearns and Young (1983) summarized knowledge gained from several 
studies of impact~ of municipal wastewater on the southern California 
coastal environment. They reported the main benthic response to wastewater 
discharges at all major sites is "a shift from communities dominated by 
suspension ~eeding infauna to those dominated by an abnormally high biomass 
of deposit-feeding invertebrates" They noted most obvious effects of 
municipal effluent on the communities along the Palos Verdes shelf where 
there was a major decrease in benthic species diversity, dominance by 
deposit feeding organisms, and fish catches that were signifi~antly lower 
than control sites in abundance, number of species, and biomass. 

Bascom~ et al~ (1979) reported results of sampling benthic 
invertebrates by trawling at 60m in control areas an~ areas impacted by 
point-source waste discharges in southern California. He referred to 
sections of SCCWRP ( 1977) by Word, Mearns and Allen and by Word and Mearns 
to describe a depression in echinoderm ·abundance in the Palos Verdes area~ 
approximately two orders of magnitude lower than expected, based on 

. abundances at other 60m stations~ The area of severely depressed echinoderm 
abundance extended down to ~610 meters and horizontally out about 5km from 
the outfalls. 

Bascom, et al~ (1979) also reported the absence of infaunal 
microcrustacea in a large area around a discharge site on ·the Palos Verdes 
shelf~ They hypothesized that DDT levels in sediments there might be the 
cause of the disappearance~ Bascom, et al. (1979) also presented data from 
the Southern California Coastal Water Research Report (1978) which showed 
patterns of changes in abundance of benthic invertebrates and fishes around 
the outfall system on the Palos Verdes shelf. Many types of invertebrates 
were depressed there and a few were enhanced; Also listed were five 
depressed fish species and three enhanced fish species. 

Soule and Oguri (1980) described changes in benthic communities of San 
Pedro Bay during the past 150 years. Harbor improvements made drastic 
irreversible changes there~ Then pollution from sewage and industry 
advanced degradation of the harbor~ In the late 1960s, however, federal and 
state environmental laws strengthened cleanup efforts and macrofauna began 
to live in areas previously devoid of all but bacterial life. 

Soule and Oguri reported results of benthic sampling in 1973-1974 and 
in 1978. These results indicated downward trends in mean numbers of species 
throughout the harbor~ except at stations at the river mouth. At outer Los 
Angeles Harbor stations mean numbers of species and individuals first rose 
1971~1972, following initiation of water quality standards enforcement in 
1970. Then the "population means dropped steeply in 1975 and continued to 
deline through 1978" (Soule and Oguri, 1980). At outer Long Beach Harbor 
and main channel stations the mean numbers of species peaked in 1973 and 
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1975 and remained only slightly above the 1972 level in 1978~ At inner Los 
Angeles Harbor and main channel stations the mean species numbers leveled 
off at considerably higher numbers in 1978 than in 1972~ reflecting, 
according to Soule and Oguri (1980)~ "more accurately the effects of 
increasing environmental quality~"· At stations in the Los Angeles River 
mouth the mean number of species was high in 1973~ then dropped to less than 
half in 1975 and returned to the 1973 level in 1978. The following table 
from Soule and Oguri (1980) shows that· the mean number of benthic species 
remained almost the same while the mean number of individuals dropped about 
threefold for all stations from the 1973-74 period to 1978: 

II Species 
Period 
73-74 
1978 

Range 
1-60 
4-68 

Mean 
~ 
28.7 

II Individuals 
Range 
32-80,000± 

240-38,000± 

Mean 
22,264 

8,102 

In 1978 the same three benthic species, (1) Cossura candida (a 
polychaete species), and (2) Mediomastus californiensis and (3) Tharyx sp~ 
(annelid species), that were dominant in numbers were also most widely 
distributed at almost all the 41 harbor stations sampled. In the 1973-74 
period these ti!ree were also the dominant species found, but their dominance 
rank differed. After considering transitory impacts of rainy seasons, and 
other natural variations, "Harbors Environmental Projects Associates" 
concluded that decreases in the outer harbor were largely due to changes in 
waste treatment (Soule and Oguri, 1980)~ 

Davis and Spies (1980) took a census of infauna! benthic invertebrates 
at a natural petroleum seep near Santa Barbara, California and at a control 
area nearby without fresh petroleum in sediments. They found higher 
densities of individuals in -60% of the populations at the petroleum seep, 
but no dramatic difference in diversity. They also noted "The most abu~dant 
populations at the seep site were dominated by deposit feeders •. • ., 
especially oligochaetes which are extremely rare at the comparison site." 

Spies (1984) sought and found some evidence that alterations in the 
distribution of communities of bottom-feeding fishes occurred as a result of 
changes in the distriution and abundance of their benthic prey around major 
sewage outfalls in the Southern California Bight. Spies called this the 
"trophic coupling" hypothesis. He discussed factors which make measuring of 
trends in finfish very difficult. These included the high level of mobility 
of finfish and natural year-to-year variability in fish abundance. In 
summary Spies declard that the "definitive study on fish distribution around 
sewage outfalls has yet to be made." He thought the available data 
suggested lower fish diversity a~d higher biomass near outfalls, but that 
trend was not co?sistantly apparent. 

I Smith (1973) analyzed benthic population data and abiotic data from the 
vicinity of waste discharges in outer Los Angeles Harbor. He found the 
"distributions of species groups~ biomass, and species diversity all showed 
a relationship to the distance from shore and the [cannery] effluent 
sources~" Basically he reported lowest species diversity and biomass values 
at nearshore stations. There was a similar geographical trend in the level 
of dissolved oxygen~ DO levels decreased toward the sources of discharge. 
Smith reported the polychaete Capitella capitata was dominant in the species 
group which occurred mostly at stations closer to the effluent sources. 
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This polychaete is characteristically found in bottom areas where the 
sediment is considered "polluted~" 

Southern California Coastal Water Research Project (SCCWRP) reports 
(1973~ 1974; 1975, 1976, 1977) contained data about benthic community 
characteristics and the relation of proximity of the communities to sewage 
treatment outfalls~ SCCWRP ( 1973) compared conditions around the "old" 
Orange County outfall before and after termination of discharge in April, 
1971. After termination of discharge the total benthic invertebrate density 
decreased (from 16~000 to 10,000 organisms per square meter)~ the total 
number of species per sample increased (from 65 to. -a4); and ~pecies 
diversity, as measured by the Shannon-Weaver function, increased. Also 
there were major changes in species composition. The polychaete~ Capitella 
capitata, was one of the three most abundant species before termination of 
the disch~rge, but was not among the sixteen most abundant species 
afterwards. SCCWRP (1973) also compard characteristics of benthic 
macrof aunal comm uni ti es around the "new" Orange County outfall before and 
after initiation of discharge there in April, 1971~ After initiation of the 
discharge at the new outfall the total population density more than doubled 
and the number of species per sample increased from 90 to 100~ Total 
community diversity decreased a~d the number of polychaete species per 
sample remained nearly constant. Also there were changes in relative 
abundance for most species. For example~ before the discharge Capitita 
ambisata accounted for only· 4~3% of the total individuals~ but it was the 
most abundant species in the _postdischarge period, accounting for >25% of 
the total number of individuals. 

SCCWRP (1974) tried to evaluate effects of physical and chemical 
factors on commuities from data collected in a summer, 1973 survey. 
Characteristics of "outfall" and "nonoutfall" areas did differ~ The 
characteristic abiotic factors ~hey found in outfall areas were higher 
nitrogen, more particulate m~tter, finer sediments, and higher H

2
S, DDT, and 

Hg than in nonoutfall areas. They concluded that "changes in depth and 
various outfall-related factors are responsible for the similarities and 
dissimilar! ties in species compositions at various sites and are causing 
changes in species abundance." _DDT and organic nitrogen were the only 
organic contaminants they measured. "· •• some of the physical and chemical 
factors that affect a species distribution may not have been measured and 
included in this analysis. • • "(SCCWRP, 197 4) ~ 

SCCWRP (1975) analyzed data collected during annual monitoring in the 
area of major municipal outfalls on the Palos Verdes shelf and data 
collected during the Los Angeles County Sanitation Districts' benthic survey 
there in summer, 1973. Using different data analysis techniques from those 
reported in SCCWRP ( 1974), they reported similar results. The presence of 
two very active outfalls was reflected in the distribution of total species. 
The num~_er of species per site was greatly reduced at stations near the 
outfalls. Other data such as distribution of numbers of individuals was 
complex and seemed impossible to evaluate objectively. 

SCCWRP (1975) also contained qualitative results from a preliminary 
survey of benthic fauna surrounding the 1- and 5-mile Orange County outfalls 
conducted in February a~d March, 1975. "~ ~ • benthic fauna may be 
characterized as normal, grading near the 5-mile outfall into patterns 

100 



. . 

reminiscent of somewhat enriched regions around other outfall sites in 
southern California" (SCCWRP~ 1975): 

SCCWRP (1976) presented results fran comparing statistics about benthos 
at five wastewater outfall areas along the southern California coast with 
control areas~ The five outfall areas were Oxnard~ Santa Monica Bay~ Palos 
Verdes coastal shelf~ Santa Ana River area of south San Pedro Bay~ and Point 
Loma at San Diego. The trend. was of "increasing biomass (but not 
necessarily abundance) and decreasing number of species~ diversity~ and 
richness associated with increasing amounts of discharge" (SCCWRP, 1976)~ 
They found that effects at discharge st tes could be related quanti tati vly to 
the amount of wastewater discharged. They also noted a geographical trend 
of general increase in biomass and decrease in diversity as you approach the 
Los Angeles coastal region from north to south: 

Abnormalities 

In the section of Bascom (1985) called "Tumors in Fish Collected on the 
Palos Verdes Shelf" Jeffrey Cross discussed results of collection and 
examination of fish on the Palos Verdes shelf from 1971 through 1983. Over 
90 perce_nt of the tumorous f is_h were young Dover sole~ Microstomus 
pacificus, less than two years old. Trend analysis of data revealed no 
significant changes in percent of Dover sole with epidermal tumors during 
the time period, 1971-1983; however, data analysis did indicate percent of 
tumorous fish increased with proximity to outfalls~ Cross found evidence 
suggesting that these tumors are caused by parasitic amoebae whose incidence 
is apparently enhanced by Palos Verdes shelf outfalls. 

Marjorie Sherwood and Alan M~arns also discussed skin and mouth tumors 
of Dover sole in their chapter, "Tumors in Southern California Demersal 
Fishes" in SCCWRP (1974). They found no obvious geographical trends in 
frequency of tumorous Dover sole trawl-caught in southern California coastal 
waters, nor did the prevalence of tumor disease seem to them to be related 
to proximity to any particular wastewater discharge. Several factors 
suggested to them t~at skin tumors in Dover sole were genetic or 
developmental diseases. 

Bascom (1982) discussed two types of fish diseases prevalent in 
southern California coastal waters - skin tumors and fin erosion. Since the 
occurence of skin tumors, which are commonly found in young Dover sole, is 
widely distributed over time and geographical space, ~ascom suggested the 
tumors are not related to municip~l wastewater discharge. Occurrence of fin 
erosion suggested the opposite. Thirty nine percent of Dover sole and 
twenty eight percent of calico rockfish samples taken with trawls on the 
Palos Verdes shelf in 1977 had fin erosion. A short distance north or south 
of Palos Verdes the frequency of fin erosion dropped to ten percent. Less 
than one percent of Dover sole from control stations had the disease. 
Bascom hypothesized that outfalls may-attract the Dover sole and induce fin 
erosion in them. 

Bascom (1979) had reported that most species of fish with fin erosion 
collected by otter trawl from Santa Monica Bay to Dana Point, 1972-1976, 
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"had highest frequencies of the disease in the vicinity of the wastewater 
discharge on the Palos Verdes shelf~" 

Mearns and Young (1983) declared fin erosion the only disease 
conc1·usi vely linked to wastewater discharges~ Although the exact cause of 
the disease is still unknown, the fish apparently must have contact with 
bottom sediments containing high concentrations of PCBs such as those at 
Palos Verdes discharge areas~ and must accumulate the PCBs in their tissue 
for the 'disease to develop. They concluded that prevalence of fin erosion 
in Palos Verdes Dover sole would decline but would still affect about nine 
percent of these fish.in 1988. They were cognizant of the unc~rtainties 
about causes of fin rot. Parhaps total PCB is not the only cause. Mearns 
(1981) said that fin erosion "has been induced in the laboratory by exposing 
healthy fish to sediments from Palos Verdes". 

Mearns and Sherwood (1977) reported results of a study of disease 
distribution patterns in coastal waters off southern California. About five 
percent of the 290,000 fishes collected and examined in their 1969-76 study 
were affected with such external disease symptoms as fin and tail erosion, 
tumors~ abnormal coloration, and attached macroparasites. Fin erosion in 
Dover sole was the only one of these diseases that appeared "to be directly 
associated with discharge of municipal waste waters in southern California." 
The disease appeared to result from exposure to contaminated sediments on 
the Palos Verdes shelf. Mearns and Sherwood (1977) concurred with Bascom 
(1982)~ SCCWRP (1974), and others in noting that the tumo~ diseases did not 
appear related to municipal waste water discharge sites. They further did 
not consider tumor diseases related to "other discrete sources of 
pollutants." They found prevalence of lip papillomas in white croaker 
decreased from prevalence in earlier years. Lip papillomas were primarily 
in fish from off the coasts of Orange and Los Angeles Counties. 

Sherwood and Mearns (1977) collected demersal fishes from southern 
California coastal waters from 1972 to 1976 and found the Dover sole the 
species most often affected by fin·erosion and found the Palos Verdes shelf 
the site of the largest percentage of fish with fin erosion. Their Table 2 
contained the following data concerning percentages of total trawl caught 
fish with fin erosion for each of five most frequently affected species: 

Palos Santa S. San 
Verdes Monica Pedro Dana 
Shelf Bay Bay Point 

Dover sole 39% 3.5% 2.0'1, 0.67'1, 
Rex sole 21% 2. 1 % 0.0'1, 0~ 0'1, 
Slender sole 21 'I, 5. 5% .06% 0.0% 
Green-striped rockfish 18% 0.0% 0.0% 0.0'1, 
Vermilion rockfish 11 % 0.0% o. 0'1, 0~0% 

SCCWRP (1974) reported results of 1972-73 trawl surveys in which· prevalence 
of fin erosion in Dover sole from the Palos Verdes shelf was 42.6% and from 
Santa Monica only 2.5%. 

In a chapter of SCCWRP ( 1977) entitled "Histology of Liver Tissue from 
Dover Sole" Kenneth Pierce, Bruce McCain and Marjorie Sherwood reported on a 
preliminary study of differences between histological characteristics of 
livers of Dover sole collected from the Palos Verdes shelf and livers of 
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Dover sole from a control area, Dana Point. Liver structures of the Dana 
Point Dover sole were normal. Palos Verdes Dover sole without fin erosion 
had abnormal liver structure: larger and more irregular fatty vacuoles in 
cells, disarray i_n tissue structures, larger and mor~ numerous melanin­
macrophage centers, and more interstitial fibrotic tissue. In livers of two 
of the three Pal_os Verdes specimens with severe fin erosion, the changes 
were more extreme. 

SCC~RP (1974) contained information from histopathological examination 
of fish. They reported that fin lesions in Dover.sole, rex sole, and 
slender sole were non-infectious and non-inflammatory. Since the epidermis 
over damaged areas in most cases appeared intact, the lesions possibly 
developed from within the subcutaneous tissue of the fin tip rather than 
from trauma through the outer skin. 

Deirdre McDermott and Marjorie Sherwood in the chapter entitled "DDT 
and PCB in Diseased Dover Sole" in SCCWRP (1975) considered possible 
relationships between those contaminants and fin erosion in Dover sole~ 
They found a strong, though not quite statistically significant relationship 
between high levels of total PCB and fin erosion in fish off Palos Verdes 
and Orange County. They also found a strong tendency for diseased fish from 
off Palos Verdes to have higher levels of DDT than unaffected specimens. 
Two of their ideas were interesting speculations. DDT and PCB in 
combination with other constituents associated with the Palos Verdes region 
could be involved in the development of fin erosion; or possibly diseased 
fish just have enhanced uptake of PCB and/or DDT, so the higher tissue 

. levels of these contaminants may be a result, rather than a cause of the 
disease. 

SCCWRP (1973) reported frequency of tail erosion and lip papillomas in 
white croaker from four trawls in 1970 at the old Orange County outfall 
(discharge terminated in April, 1971): 

tail erosion 
Feb.~ •••• 26% 
May. ~. · •• ~ 11 % 
Aug ~ ~ ~ ~ ~ ~ 1 4 % 
Nov ~ ~ • ~ • ~ 7 4 % 

lip papillomas 
Feb •••••• 4.4% 
May~ ••••• 0.6% 
Aug •• ~ .• ·• O. 9% 
Nov~ •• ~.~0;0% 

Sediment Toxicity 

Emerson (1974) used two benthic polychaete species, Ophryotrocha nr. 
labronica and Capitella capitata, as bioassay organisms to determine the 
toxicity of resuspended sediment from Los Angeles Harbor. In all short term 
(96 hour) exposures Capitella capitata trochophore and metatroch mortality 
was less than 50%. In short term tests with Ophryotrocha nr. labronica no 
mortality occurred; however, sublethal effects did occur at the higher 
concentrations of elutriate. Long term (28 day) exposure to increasing 
concentrations of sediment correspondingly decreased reproductivity in 
Ophryotrocha. On the other hand, low resuspended sediment concentration 
(100:1) produced a stimulatory effect on reproduction. As a consequencse of 
these results Emerson presented the idea that harbor dredge spoils might 
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have value as· a sort of fertilizer for improved productivity in specified 
areas of the marine environment: 
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LOUISIANA 

The coastal bays of Louisiana have been the site of intensive oil 
drilling and production for decades. And most studies related to toxic or­
ganic compounds conducted in these bays or offshore are~ have been related 
to either oil spills or chronic oil discharges. However, the major environ­
mental problems along the coast are attributed to physical alterations of 
the coast line caused by erosion (Boesch~ 1982) ~ Man's alterations par­
ticularly the channelization of the Mississippi have resulted in shifting 
i~e~ with time, sediment supplies~ altering natural depositional patterns. 
Recent rises in sea level and subsidence have also contributed to the 
problem (Morgan~ 1974)~ Flood control measures have diverted normal fresh­
water in ~lows to many bays altering salinity regimes and biological 
populations. 

Figur~ 1, shows the chronology of the naturally shifting deltas of the 
Mississippi. 

Wells and Kemp (1982) reviewed the recent literature and stated, "The 
works of Morgan and Larimore ( 1957), Gagliano and van Beek ( 1970), and Adams 
et al~ ( 1978) as well as others, establish that the shoreline of Louisiana, 
taken as a whole, is currently retreating. These authors also point out, 
howeve~, that this retreat shows a high degree of spatial variability. For 
example, in the case of the modern Mississippi delta front, retreat ls· vir­
tually nonexistent and in the case of the Atchafalaya Delta complex, it ls 
significantly reversed. We can then draw a picture of a modern shoreline 
that is undergoing erosion and transgression, but that is dynamically stable 
at the Mississippi River delta front and is locally progradational near the 
A tchaf alaya River mouth." 

"The 200-km section of shoreline extending west from Marsh Island to 
the Texas border is distinct in plan view from the ~est of the Louisiana 
coast (Figure 2). The complex indentations and barrier/lagoon systems that 
characterize the shorelines flanking the modern Mississippi River course are 
not found west of Vermilion Bay. The smooth and relatively straight form of 
the western half of the coast reflects a depositional history different from 
that of the rest of Louisiana's coastal plain. Early workers hypothesized 
that this section evolved during the Holocene as a marginal deltaic sequence 
of prograding mudflats that were intermittently partially reworked into 
sand/shell ridges called "cheniers" (Russell and Howe 1935; Price 1955). 
More recently, Gould and McFarlan (1959) reconstructed the development of 
the "cheni er plain" and adjacent shelf from cores using radiocarbon dating 
techniques. Their interpretation indicates that, as sea level rose from -5 
m to 1 ts present level, a transgress! ve sequence of marine sediments was 
deposited over the dissected Pleistocene Prairie Formation, first filling 
estuaries, then later spreading across shallow bay and marsh environments." 

Organic Contaminants in Water and Sediments 

Bender, et al. ( 1979) reported on attempts to measure discharges from 
petroleum platforms in Timbalier Bay and offshore sites (Figure 3). Figure 
4 shows the levels of organic carbon (mean & ranges) at the offshore plat­
forms and the control site, from June of 1972 through February of 1974, 

110 



while Figure 5 displays the levels of organic carbon~ BOD & COD along a 
transect from ·the bay to the offshore platforms~ They concluded that: 

"Al though the concentrations of TOC, BOD~ and hydrocarbons do not ap­
pear to differ between platform and ambient sites~ the ternary diagrams in 
Figures 6 and 7 suggest that relative amounts of types of hydrocarbons in 
the air/sea interface and in sediments may differ between platform and am­
bient sites. The ar·rows in Figure 6 indicate how to read a ternary diagram. 
"Platform" represents all data of all samples collected within a range of O 
to 2~500 m from 54A, spanning an azimuth of 360 degrees~ which includes 
platform 66D~ "Ambient" represents all data within a range of 2,501 to 
12~500 m from 54A, spanning an azimuth of 360 degrees~ The platform data 

. . 

tend to cluster and, with two-notable exceptions, have the highest levels of 
benzene eluates (aromatics)~ Since aromatics usually disappear most rapidly 
with weathering of oil, this analysis suggests that the platform may be the 
source of fresh petroleum." 

Figure 7 indicates that aromatic hydrocarbons do not tend to accumulate 
in sediments offshore, perhaps because they rapidly disappear during 
weathering of oil~ The two samples within 750 m of 54A had the highest 
aromatic content. There were no samples taken within 750 m of platform 66D. 
All platform samples were taken within 2~500 m of 5!!A and ambient samples 
within the range of 2,501 to 12,500 m. 

Data in Figure 7 indicate the petroleum hydrocarbons present in sedi­
ments are more weathered (have lower aromatic content) than those present in 
air/sea interface and beach samples._ This diagram presents all the 
hydrocarbon data for all of the cruises. 

"I n s umm ar y , we do no t f e e 1 that the OE I d at a qua n t i tat i ve 1 y 
demonstrate that platforms are significant sources of TOC, BOD, or 
hydrocarbons; on the other hand, display of the data in ternary diagrams 
suggests that platforms are sources of unweathered oil. The OEI data are 
inadequately replicated to support rigorous statistical treatment of plat­
form versus ambient comparison even with the redefinition of control si tea" 
(Bender et al~, 1979). 

Data on hydrocarbons in bottom sediments from the same area but cover­
ing a larger experimental area the "Central Gulf Platform Study" are shown 
in Figure 8. Sharp & Appan (1982) summarized the data at the four primary 
platforms: 

"In the C.G.S., four 'primary' platforms (of 20 platforms and four con­
trol sites investigated) were sampled at 16 stations (100, 500, 1000 and 
2000 m along north, east, south and west transects) in one season, and at 
eight of these same stations (500 and 2000 m along these azimuths) in two 
successive seasons. For these 200 samples, the maximum and mean values were 
371 and 37 µg g-1 respectively, and 13 samples exceeded 100 µg g- 1 ~ Figure 
8 shows the three-season average of concentrations of heavy molecular mass 
hydrocarbons (heavy hydrocarbons) at the four primary platforms. Except for 
primary platform no. 1, neither these average~ nor single-season values show 
consistently high values nor radial gradients." 
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Effects of Organic Contamination on Benthos 

Sharp and Appan (1982) examined the Central Gulf Study with respect to 
the responses of benthic animals to hydrocarbon concentrations in sediments. 
Figure 9 plots diversity of benthos vs distance from platforms: Hydrocarbon 
data are shown in Figure 8, for these same stations. They concluded that: 
"Comparison of the H' values with heavy hydrocarbon concentrations show (a) 
no significant change nor gradient in H' corresponding to heavy hydrocarbon 
gradients~ (b) no significant differences among the four widely separated 
platforms d~spi te significant differences in heavy hydrocarbon concentra­
tions~ and (c) values of H' in the range 1~7-3~3 with a mean value of 2.60 
for 140 samples taken ov~r three seasons. Additional measures of potentia~ 
effects were investigated, eg. community structure and species dominance. 
They summarized their investigations as follows: 

''These and numerous other investigations of C.G.S. data fail to reveal 
signif leant correlations of concentration of petroleum hydrocarbons in the 
sediments with measures of macroinfaunal structure~ abundance or diversity. 
Nor do they reveal evidence of general degradation, change, or unnatural 
distribution in this community that can be attributed to eithe~ point source 
or distributed source contamination from petroleum activities. The effects 
of the Mi ssi ssi ppi River, with its 1 ar ge hydrocarbon 1 oad and natural var i -
ables such as depth and sediment type, are those variables correlating with 
macroinfaunal communities with greatest statistical confidence. The most 
evident correlations are with the faunistic zones that are defined by 
ecosystem properties and processes." 

Comparisons of faun~l similarity at study sites in Timbalier Bay are 
shown in Figures 10 and 11. Unfortunately no hydrocarbon data are available 
to help clarify the differences between study sites. However, Bender, et 
al~ (1979) concluded: 

"The index of similarity does not seem to indicate any marked seasonal 
differences in the benthic populations. There is a slight indication of 
greater similarity between stations in summer than in winter. This can be 
noted par,ticularly in the comparisons of ambient station AB1 with the other 
stations •11 

"The benthic biological results in Timbalier Bay were subjected to 
cluster analysis using all polychaete, crustacean, and mollusc data and 
using all polychaete data~ The combined data included collections made in 
winter~ spring, and summer 1973~ and the polychaete data included collec~ 
tions made during the same seasons plus two samplings taken in fall 1973. 
With the combined data for the three animal groups, three distinct as­
semblages are noted, which coincided, in part, with the seasons. The four 
summer stations fell out as a group. The four winter stations were grouped 
with two spring stations~ The two remaining spring stations were together 
in one group. No benthic biological differences existed between the plat­
form stations and the ambient stations when this method of analysis was 
used." 

"The dendrogram drawn from the polychaete data showed a separation of 
the stations according to the season. The four winter collections were 
separated as a group with two subdivisions. The remaining 10 collections 
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were g~ouped according to season but were added one-by-one in a step~wise 
cluster." 

Catallo (1984) studied.a cresote spill site in Bayou Bonfouca a 
tributary of Lake Pontchartrain. Figure 12 shows his sampling stations and 
Table 1 the concentrations of PAHs detected in water and sediments~ 

He examined the effects of the high levels of PAH contamination on the 
microbial and meiofaunal popui.ations and the related physical-chemical 
chara~~eristics of the sediments. He concluded: "ATP analyses of bacteria, 
fungi, protozoans, and direct ·counts of meiof auna indicated highly sig­
nif icant reductions in ~iomass of all communities exposed to creosote 
relative to the control. Microbial plate counts generally supported ATP 
data and demonstrated altered community structure in polluted areas. The 
effect of creosote upon benthic microbial assemblages was also manifested in 
the physical-chemical properties of the sediments: Redox potential (Eh) was 
progressively less reducing in contaminated areas and terminal accumulations 
of detritus were observed:" 

Abnormalities in Fish and Shellfish 

Neoplasms of fish and shellfish have only infrequently been reported in 
aquatic animals along the Gulf of Mexico~ Mix (in press) reviewed the in­
formation on this topic and reported: "Despite significant efforts to 
discover such conditions in aquatic species inhabiting what are (or were) 
considered to be the most polluted areas (e:g. Galveston Bay, Louisiana oil 
fields, Mobile Bay)~ only a few neoplasms have been found in such surveys •11 

"In a little known study of massive proportions, eastern oysters from 
Louisiana~ near oil fields, were the subject of intense investigations from 
1947 through 1960: While those studies were not directly related to 
neoplasms in oysters,· and they occurred many years ago, they are considered 
to be h~ghly relevant to the present review and so will be described in this 
section." 

"The origin of the project (reported fully in Mackin & Hopkins, 1961 ) 
can be traced to 1946 and 1947 when leaseholders of private oyster-growing 
grounds in several Louisiana parishes filed claims, some of which later be­
came lawsuits, asking compensation for claimed financial losses. Those 
claims were based on abnormally high mortality of oysters on the!~ leases, 
allegedly caused by operations of certain oil and sulfur companies. Several 
of the oil companies requested scientists at the Texas A&M Research 
Foundation to conduct scientific studies to investigate the extent and cause 
of the oyster mortality in Louisiana and also in Texas. The projects became 
widely known as Projects 9 and 23. Project 9 began on February 1, 1947, and 
ended May 31, 1950~ at which time Project 23 began; it lasted until 1960:n 

"Eventually, these two projects were to produce more than 200 scien­
tific reports. Thousands of oysters were collected and examined 
microscopically from many oyster-growing areas. Some of the areas were ob­
viously polluted with oil since the oysters were described as having an oily 
taste and even the crude analytical methods of the period were capable of 
detecting hydrocarbons in water samples (Mackin & Hopkins~ 1961). No cor­
relation was found between rates of oyster mortality and proximity to oil 
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fields, a~d no oyster mortalities occurred as a result of oil spills~ 
Ultimately, at'ter the causes of mortality could not be traced to oil, a dis­
ease organism was found which killed thousands of oysters every summer when 
the w~ter temperatures and salinities increased to a critical level (Mackin, 
1961)." 

"Although thousands of oysters were examined, no neoplasms were 
reported by the T~xas A & M investigators. An important questions about 
those results is, would those scientists have detected neoplasms if they 
existed? Reports of neoplasms were not common at that time and no internal 
neoplasms had been described; thus~ there was no information base to utilize 
in diagnosing such conditions~ However~ Mackin and his co-workers were the 
preeminent invertebrate pathologists of that period~ Given some of their 
discoveries of unicellar parasites, it seems unlikely that they would have 
overlooked something as deviant as neoplasms if they had been present." 

"In another research project involving Project 23 personnel, oysters 
exposed_to oil from a wild well were studied for several months after 
exposure. In 1957, a well went ou~ of control, caught fire, and spilled oil 
for a pe·riod of about two weeks. It was believed that the oil loss was 
probably the largest ever sustained in the oyster producing area of 
Louisiana to that time (Mackin & Sparks, 1961). Oysters were exposed to oil 
for at least two months and oil slicks were evident in the areas studied for 
at least six months; it can be assumed that extremely heavy oil pollution 
impacted the area for several months. Oysters were studied for six months 
after the spill and, again, a large number were examined histologically. 
Both native oysters and oysters planted in trays at different sample sites 
were studied and, again, no neoplasms were reported, although a variety of 
tissue conditions were described: Since one of the authors of those reports 
(Sparks) was later to co-author one of the first descriptions of a hemic 
neoplasm in oysters (Farley & Spark~, 1970), it seems unlikely that any 
neoplasms would have been overlooked." 

Mix (in press) concluded his review of Gulf investigations ·including 
sites in Louisiana~ Texas and Florida with the following: "Thus, while 
thousands of oysters have been examined from different locations in the Gulf 
of Mex! co, some known to be contaminated with different pollutants, rela­
tively few neoplasms have been identified. There was little evidence from 
the various studies that supports a pollution-neoplasm relationship." 
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Site 
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3 

TABLE 1 CONCENTRATIONS OF POLYCYCLIC AROMATIC HYDROCARBONS IN 
SEDIMENT AND WATER FROM BAYOU BONFOUCA, SLIDELL, LOUISIANA 

* Compound Surface Water Sediments 

Three unknowns eluting in the range of naphthalene and 
flourene 

Naphthalene 8.3 . 1380 
Flourene 7.6 358 
Phenanthrene 28.7 435 
Anthracene 14.7 107 
Flouranthene 27.1 608 
Pyrene 18.3 178 
Benzo(k)flouranthene/ 

benzo(j)flouranthene 4.9 15 

Naphthalene 0.7 7720 
Flourene 0.6 2180 
Phenanthrene 2.3 17670 
Anthracene 0.4 1110 
Flouranthene 1.2 3360 
Pyrene 2.1 800 
Benzo(k)flouranthene/ 

benzo(j)flouranthene nd + 940 
Benzo(a)pyrene 0.3 40 

* 

4 Naphthalene 14.1 711\ 
Flourene 12.3 nr 
Phenanthrene 155.0 29310 
Anthracene 39.7 1650 
Flouranthene 110.0 6580 
Pyrene 85.0 1660 
Benzo(k)flouranthene/ 

benzo(j)flouranthene 5.5 2280 
Benzo(a)pyrene 6.6 610 

* Parts per million (ppm) 
! "Not detected 

"Not resolved" 

(Catallo, 1984) 
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MISSISSIPPI SOUND AND M:>BILE BAY 

Mississippi Sound, shown in Figu~e 1~ is a shallow embayment which 
forms the southern border of __ Mississippi. Rivers~ small bays~ marshea, and 
bayous are along .. the coast.· A chain of offshore islands form the southern 
limit of the Sound. Mobile Bay is a~ the eastern boundary and Lake Borgne 
at the western boundary of the Sound. 

Mississippi Sound "is one of the most valuable fisheries nursery 
grounds 6f the world" (Lytle and Lytle, 1985): Sections of its shore 
presently ~upport a ~ourist industry: Some local residents ar.e becoming 
concerned, however, that wit~ growth of industrial interests, _other than 
traditional fishing and tourism, pollution of the Sound may o_ccur. The area 
seems destined for ~xpansion in industrial, residential, and petroleum 
resource exploitation. 

Mobile Bay, shown in Figur.e 2, cuts deeply north into the short 
southern coastal border of Alabama. It supports an important commercial 
seafood industry (especially oysters)~ Changes __ in the Mobile Bay area 
currently threaten to produce environmental problems. Accortting to Marion 
and Settine (1983)~ industrial and technological development is proceeding 
rapidly and major chemical and petrochemica! industries have been bull t on 
the edges of Mobile Bay in recent years. They expect barge and.tanker 
traffic will increase and that the population in the area will expand. 

Julia and Thomas Lytle of the Gulf Coast Research Lab in Ocean Springs~ 
Mississippi have recently completed a four year study of Mississippi Sound 
(Lytle and Lytle, 1985). Research reported by the Lytles and their 
associates at the Gulf Coast Research Lab comprise the major body of organic 
contaminant information concerning Mississippi Sound. Ken Marion and Robert 
Settine's (of University of Alabama in Birmingham) studies of organic 
pollutants in bivalves supplied most of the Mobile Bay information. 

PAHs in Sediments 

Lytle and Lytle (1985) analyzed surface sediment samples fran sites in 
Mississippi Sound and found an astonishing contrast in levels or. total 
hydrocarbon in bay and river sediments to levels in the Open Sound. They 
found 100 to 1000 times the Open Sound level of total hydrocar.bons in the 
Pasca~oula·River System, a region of diverse and concentrated 
industrialization. They observed large variations in hydrocarbon levels 
between stations in close proximity in the Pascagoula River and Biloxi Bay. 
The samples they collected in Bayou Casotte, considered part of the 
Pascagoula River System, contained the highest total concentration of 
hydrocarbons~ but surprisingly not the highest aromatic hydrocarbon load, 
even though oil tanker traffic serves a refinery in Bayou Casotte. They 
described the total Pascagoula River and Biloxi Bay ecological system as 
"heavily polluted but only in very well-defined loqalized areas." 
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Figure 2. Mobile Bay (Marion and Settine, 1983). 
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Following are listed general areas the Lytles studied in order from 
those they considered most seriously polluted down to the least impacted: 

1. Pascagoula River System: 
(mean cone~ aromatic hydrocarbons in surface sediments= 211,500 
ppb~ dry wt:; range~ O - 1~930~000 ppb~ dry wt~) 

2. Biloxi Bay System: 
(mean cone~ aromatic hydrocarbons in surface sediments= 186~000 
ppb~ dry wt~; range= 410 - 2~610~000 ppb; dry wt~) 

3. St. Louis Bay System: 
(mean cone~ aromatic hydrocarbons in surface sediments= 7,370 
ppb~ dry wt~; range= 3,520 ~ 9~770 ppb, dry wt~) 

4~ Misissippi Sound System (or Open Sound): 
(mean cone~ aromatic hydrocarbons in surface sediments= 3,110 
ppb~ dry wt:; range~ 70 - 11~000 ppb~ dry wt~) 

Lytle and Lytle (1985) in summarizing facts that emerged from their 
pollutant distribution·data also stated the following: 

"The highest pollution l~vels were found in only very localized 
regions, not broad areas." 

"The greatest fluctuations in pollutant value~ and greatest 
pollution problems were noted in hydrocarbons." 

"Fairly uniform distributions of organics occur in the <;>pen Sound 
System in sharp contrast with the river and bay systems." 

PCBs and Pesticides in Sediments 

Walker (1976) collected sediment samples from 37 sites in the Biloxi 
Bay - Mississippi Sound estuary system and analyzed for pesticides using a 
procedure capable of detecting concentrations as low as 1 ppb. He detected 
no insecticide residues in any of these sediment samples~· He felt that "the 
waters and sediments of the Mississippi Coastal Zone are free from 
contamination by these noxious chemicals." He explained that drainage areas 
to the nort~ of this area are forested and receive only minimal pesticide 
applications. 

Walker (1976) also studied persistence of insecticides in Mississippi 
Sound water and sediment. He found that microbial degradat"ion was a 
substantial factor in dissipati~n of several insecticides from sediments, 
but of little consequence in water. He believed that if insecticides enter 
the Mississippi Sound estuary, we can expect them to stay unchanged for a 
long·time~ especially if they are associated with the water column. 
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PAHs. PCBs and Pesticides in Biota 

Butler (1973) gave 1965~1972 data on pesticide levels in eastern 
oysters from ·Mississippi" Soun·d stations~ Gulf Breeze Laboratory analysts 
detected DDT in 61% of the sample~~ They found the highest maximum residues 
in oysters from Biloxi Bay c- 675 ppb~ dry wt:) and in oysters from Bay St~ 
Louis c-620 ppb~ dry wt~)~ These maximum DDT residues in Mississippi 
oysters were lower than those in twelve of the other fourteen states 
reported in Butler (1973): In 1971 70% more Mississippi Sound oyster 
samples had low(< 50 ppb~ dry wt~) DDT residues than in previous years; 
then the trend reversed during the first six months of 1972 when 44% of the 
residues were> 50 ppb~ dry wt~ Analysts detected dieldrin in 47% of the 
oyster samples analyzed 1965-1972~ They found dieldrin residues in oyster 
samples from four of Butler's eight Mississippi stat~ons~ The ma~imum 
di~ldrin resi~ue in Biloxi B~y oysters was 95 ppb, dry wt. and. 100 ppb, dry 
wt. in Bay St. Louis oysters. · 

Butler (1973) also summarized 1968-1~69 data on pesticide levels in 
eastern oysters from Mobile Bay stations. Gulf Breeze Laboratory detected 
DDT in 100% of these samples and detected dieldrin in 18% of the samples~ 
The .. highest. maximum DDT residue of samples at all Alabama stations was -308q 
ppb, dry wt.; the highest maximum dieldrin residue was - 105 ppb, dry wt. 
When you compare maximum levels of DDT from sites in the fifteen states 
where Butler ~ampled oysters, you find Alabama's maximum level in oysters is 
fifth highest. 

Settine, et al~ (1983) _reported on the first two. years, 1981 and 1982, 
of their study of oysters, Crassostrea virginica, in Mobile Bay.· They 
identif~ed and measured a large number of organic contaminants in the 
oysters, providing environmental baseline data which should be useful i~ 
planning for industrial development of Mobile Bay. They used Cedar Key, 
Florida as a control sampling site. Results of these initial studies 
indicated concentrations of i~dividual PAHs and pesticides were below levels 
thought to be a health hazard. They found a definite trend of higher levels 
of pollutants in oyster tissues in spring than in fall. They also found a 
greater var! ety of organic pollutants in some sites in M.obile Bay and they 
found them in higher concentrations than in other sites·. Even th.e worst 
scenario results of oyster tissue concentration of PAHs and DDTs, namely 
from spring~ 1981 sampling in Cedar Point and in spring~ 1982 in Dauphin 
Island Bay, were not alarmingly high levels: 

Cedar Point 
Spring, 1981 

PAHs 209 ppb (wet wt~) 

Mobile Bay 

1,045 approx: ppb (dry wt)* 

Pesticides 69 ppb (wet wt~) 
347 approx~ ppb (dry wt~)* 

Dauphin Island Bay 
Spring, 1982 ~ 

421 ppb (wet wt.) 
2,105 approx. ppb (dry wt~)* 

158 ppb (wet wt~) 
790 approx. ppb (dry wt.)* 

*approx. dry wt.= .20 (wet wt.) 
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Marion and Settine (1983) reported on their studies continued from that 
reported in Settine, et al~ (1983)~ In 1983~ they sampled oysters from five 
of the six Mobile Bay sites they had sampled during the two previous years, 
plus one additiional site~ They used the sites at Cedar Key, Florida again 
as control sites and added ten clam (Rangia cuneata) sampling sites~ mostly 
further north in Mobile Bay~ Many of the compounds they found in bi valves 
are known to be detrimental to human health, but again in 1983, their 
results show~d concentrations of individual compounds too low to indicate a 
health hazard. They continued to notice a trend, although not as strong a 
trend, toward hi_gher levels of organics in tissues sampled in the spring 
over fal~ samples. They select! vely searched for PCB' s in oyster and clam 
samples, but co~ld not confirm such low levels, near the detection limit of 
their instrument. They detected DDT and its metabolites at a few sites, but 
levels were lower than those of 1982~ They found greater, though not 
significantly greater lev~_ls of total organic pollutants in oysters from two 
sites in Mobile Bay: St. Andrews Bay and Dauphin Island Bay. Comparably 
high levels of naphthalene and phenanthrene indicated presenc~ of diesel 
fuel and boat traffic in the more enclosed Dauphin Island Bay. Following 
are total PAH and pesticide levels they found in oysters in the two most 
contaminated sites in their 1983 Mobile Bay oyster study: 

PAHs 

pesticides 

Dauphin Island Bay 
Spring, 1983 ~ 

323 ppb (wet wt.) 
1,625 approx~ ppb {dry wt~)* 

4 ppb {wet wt.) 
20 approx. ppb (dry wt.)* 

St. Andrews Bay 
Spring, 1983 

546 (wet wt.) 
2,730 approx. ppb (dry wt.)* 

7 ppb {wet wt.) 
35 approx~ ppb {dry wt.)* 

*approx. dry wt.= .20 (wet wt~) 

Marion and Settine sampled and analyzed clams from ten stations in 
Mobile Bay in 1983 and found 25.5 ppb {wet wt~) or 127.5 ppb (approx. dry 
wt.) for the average sum of DDT and its deri vat! ves. Clams collected from 
their sites at Mobile, Alabama, near the McDuffie Island coal-loading 
facility had the highest concentration of total PAHs (309 ppb, wet wt. or 
approx~ 1545. ppb dry wt~) of their ten cl am sampling sites. Clams from 
Polecat Bay, north of the causeway had the lowest total PAH concentration 
(58 ppb wet wt./approx. 290 ppb dry wt.) of clams in Mobile Bay. The 
average concentration of total PAHs found in clams from their ten sites was 
211.6 ppb~ wet wt~ (approx. 1058 ppb, dry wt~). 

In 1984 Marion and Settine continued their investigation of Mobile Bay, 
sampling·Rangla in the north and Crassostrea in the south. They sampled 
closer to industrial sites and added experimental oyster transplanting. 
Their results were much the same as those of earlier testing. They found 
pollutants were in low ppb category and were dispersed evenly throughout the 
Bay. The only exception were results of sampling close to Mobile, Alabama, 
where levels of pollutants were higher. (Ken Marion, Personal Communication, 
February 17, 1986) 
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Marion and Settine (1984) reported concentrations of a large variety of 
organic contaminants including PAHs and insecticides in oyster and clam 
tissue from Mobile Bay~ They detected metabolites of DDT as in previous 
years' studies~ but found no DDT in 1984~ They did not find the obvious 
seasonal fluctuations in tissue levels of clams in this study that they had 
noted in oysters the previous three years: They did note a geographical 
trend that clams north in Mobile Bay and close to the city of Mobile 
contained a wi_der variety and higher levels of pollutants than clams from 
other sites. One of these northern sites, McDuffie Island site, is 
downstream from the harbor area and just below a coal loading fac111 ty~ The 
clams collected there had the highest tissue levels of pollutants. Marion 
and Settine (1984) did not consider any of their sampling sites "hotspots" 
of contamination; rather they thought that currents and hydrologic forces in 
the Bay probably distribute contaminants from areas, such as the harbor in 
Mobile, to widespread areas of Mobile Bay. 

Effects of Organic Contaminants: Sediment Toxicity 

In order to evaluate the biological impact of disturbing Mississippi 
Sound sediments, Lytle and Lytle (1985) c~llected surface sediment samples 
and conducted toxicological bioassays. They exposed mysid shrimp and 
sheepshead minnows to a liquid phase, consisting of a 0.45 micron filtrate 
from sediment mixed with site water at a 1:4 proportion by volume and 
exposed these organi ams to a part! cul ate phase~ _consisting of a 1 : 4 by 
volume mixture of unfiltered sediment and water. They also tested mysid 
shrimp and an amphipod in a solid phase, consisting of the sediment settling 
from the particulate phase with a fresh portion of site water. They diluted 
site water with seawater for further testing in cases where they observed 
significant mortalities compared to their seawater controls. They recorded 
mortalities at 24 hour intervals for 96 hours for bioassays in liquid and 
part! cul ate phases and only at the end of 96 hours for the solid phase 
bioassay. 

Only 12 of the ~4 sedimentary sites the Lytles tested produced 
significant·mortalities. Eight of these were Pascagoula River System sites 
and four were Biloxi Bay ~rea sites. They noted that "high levels of 
hydrocarbons in sediments, particularly aromatic hydrocarbons, are 
invariab~y accompanied by significant mortalities in the toxicity 
bioassays." 

Lytle and Lytle (1985) examined six experimental parameters to 
establish "Environmental Stress Index" values for Mississippi Sound 
locations: 

1. sediment toxicity - harmfulness of resuspended sediments. 
2. suspension stability - quantity of sediment that may be suspended 

and length of time it would remain suspended after disturbance. 
3. disturbance probability - likeliness that di~turbances may occur by 

boat traffic, dredging, mainstream flow, etc. 
4. biota susceptability - vulnerability of indigenous species 
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.<9r\. inhabiting ~he community; extent to which a pollution incident might 
affect them. 

5. pollutant level - concentration of pollutants in sediments. 
6~ sediment leachability - likeliness that pollutants would be released 

from sediments into the water column after a disturbance~ 

Using results of their sediment bioassays and suspension stability 
experiments and their knowledge of disturbance probability and biota 
susceptibility, the Lytles assigned a rating of 1-5, with "5" indicating 
highest potential risk from sediment pollution~ ·to each of these four 
parameters for each site they studied: Then they multiplied the four values 
for each site ~o find an "index product:" In this way they identified three 
trouble areas. The areas with the hightest ratings were the Pogey Plant in 
the Escatawpa River where there are chemical industries and fish processors 
(Lytle and Lytle~ 1980) ~ Lake Yazoo at the mouth of East Pascagoula River 
where there are industrial discharges (Lytle and Lytle, 1980)~ and Gulfport 
Lake in the Industrial Seaway of Bernard Bayou of western Biloxi Bay, a 
heavy industrial area with a major sewage outfall and a fisheries trawl 
station (Lytle and Lytle, 1983) ~ 

Some sites they considered in intermediate level danger were Escatawpa 
River Bridge, Mary Walker Bayou in the west Pascagoula River where boat 
traffic is heavy (Lytle and Lytle~ 1983), Cooling Tower Canal, Rhodes Point 
which is a multi-use industrial site (Lytle and Lytle, 1983), and Deer 
Island~ a fine-grained depository from Biloxi Bay (Lytle and· Lytle, 1983) ~ 
Of the three large river-bay systems along the coast~ the Pascagoula River 
System, or eastern Sound appeared to have the most polluted sites which may 
pose a signif leant threat to the environment. The Lytles fe>und the St. 
Louis Bay System to be the most pristine along the Gulf Coast, with only 
background levels of hydrocarbons (Lytle and Lytle~ Personal Communication, 
July 15~ 1985) ~ The St. Louis Bay System also had the lowest calculated 
value·s for Environmental Stress Index product (Lytle and Lytle~ 1985). In 
all phases of their study the Lytles found that "regions of danger do not 
cover extensive tracts of waterways, but are limited to relatively small 
regions ••• ". 

Effects of Organic Contaminants: Fish, Crustacean and Mollusk Abnormalities 

Lytle and Lytle (1985) referring to John Couch's (U~S. EPA, 
unpublished, Biological·Laboratories, Gulf Breeze, Florida 33561) data, 
stated that "Aromatics may be responsible for the relatively high incidence 
(compared with other Gulf of Mexico sites) of presumed neoplastic cells 
found in the American oyster (Crassostrea virginica) and other mollusks in 
the Pascagoula River region of the Sound." Creosote plants and coal-fired 
power plants in the region may be sources of aromatics, and careless 
disposal of used motor oils may contribute petroleum hydrocarbons to the 
urban storm runoff (Tanacredi~ 1977; Dunn and Fee, 1979; Hunter, et al., 
1979)~ 
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Couch (1985) studied frequencies of diseases~ including neoplasms in 
oysters and fish f_rom three estuaries with varying degrees of human 
activity: Mob~_le Bay, Pascagoula Harbor in Mississippi Sound, and two bays 
in NW Florida. He found a higher frequency of diseased fish and shellfish 
in heavily industrialized sites in Pascagoula Harbor t~an in the other 
estuaries. Twenty of 4486 oysters from Pascagoula Harbor (.44%) had suspect 
neoplasms; ~ 13% fran Mobile Bay had them; and only ~04% from Pensacola Bay 
in Florida had them~ 

Tumorous growths, even those caused by protozoans, rarely manifest 
themselves in Mississippi Sound fishes (Overstreet and Howse~ 1977); 
however; Edwards·and Overstreet (1976) found 1 to 10 fibrous tumors in 
subcutaneous tissue of each (?f five Mississippi Sound striped mullet they 
studied. First they examined 1,300 mullet netted off Deer Island and from 
Davis.Bayou in Mississippi Sound and found nine fish with at least one 
tumor. The tumors they studied did not seem to have been caused by 
parasites, but had properties which designated them as true neoplasms. 
Edwards and Overstreet (1976) noted a lack of reports of this type tumor in 
striped mullet prior to their study. They suggested a posssible 
relationship between the mullet neoplasms and increasing pollution in 
Mississippi Sound since both are developments in recent years. 

Overstreet and Edwards (1976) reported their unusual di~covery of 
neoplasms in an adult southern flounder collected in September, 1971 from 
Davis Bayou and in a sea catrish trawled in October~ 1974 in the ship canal 
off the Mississippi coast. Tumors in the two fish resembled each other 
histologically. The Overstreet and Edwards report was the first ever 
describing tumors from the southern flounder, Paralichthys lethostigma and 
the sea catfish~ Arius fells~ and _one of few reports of tumors from any 
fishes in the entire Gulf of Mexico. 

Overstreet and Van Devender (1978) monitored postlarval brown, white 
and pink shrimps_ from f~ur Mississippi Sound localities semimonthly for five 
years, January, 1972 - May, 1977. They observed an abnormality, a 
protrusion of muscle overgrowth through the ventral portion of the sixth 
abdominal segment in 33 of the brown and the white shrimp predominantly from 
one polluted habitat. They found none of these abnormal growths in the 
4,573 pink shrimp they examined. They suggested "that an unknown pollutant 
or combination of pollutants related to sewage or use of boats interferred 
with the shrimp's normal growth process to cause the abnormality in the 
shrimp we observed~" Although only a small portion of shrimp examined were 
afflicted, Overstreet and Van Devender found almost all of the afflicted 
postlarvae were from a site adjacent to a small boat harbor receiving Ocean 
Springs' treated sewage~ That site was presumably most heavily polluted of 
their four sites. Some of their results also infer that a seasonal 
concentration of a pollutant may have induced the abnormal! ty. They also 
suspected a pollutant as a probable cause of the abnormality because they 
did not see evidence of injury or disease assoc! ated with the. abnormality 
and they had valid reason to doubt any direct genetic influence. 
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TEXAS BAYS 

The Texas coastal system is comprised of a complex series of estuaries 
and bays (Figure 1). Generally as one moves up the coast from Laguna Madre 
the bays and estuaries receive more freshwater inflow and in general are 
more developed. Evapotranspiration and diversions for irrigation are very 
important factors in altering the "normal" estuarine characteristics of 
these estuaries (Lind, 1980). 

The Texas Department of Water Resources (TDWR) conducts water quality 
studies on the fresh and coastal waters of the state. These data are com­
puterized and were made available to us from the Texas Natural Resources 
Information System~ Unfortunately the majority of the data available on or­
ganic contaminants were not collected at the same locations where the 
biological samples were collected. However, between 1979 and 1981 the TDWR 
conducted surveys in four areas to measure priority pollutants in water, 
sediments and aquatic organisms. In addition to the state data network 
several special studies related to energy development have been conducted in 
the area. 

Organic Contaminants in Water 

The Corpus Christi Inner Harbor which flows into Corpus Christi Bay was 
surveyed for priority pollutants in September of 1981. Sampling stations 
for water and sediments are shown in Figure 2. Table 1 presents the 
priority pollutants detected in water samples; no PAHs or pesticides were 
found in these samples. 

In March of 1981 the Arroyo Colorado estuary (Figure 3) was sampled in 
a similar manner, and these results are presented in Table 2. In contrast 
to the Corpus Christi Inner Harbor and Bay a considerable number of organic 
compounds including halogenated aliphatics and pesticides were found at 
levels which were of concern as defined in Table 3. 

Figure 4 shows the stations sampled in the September 1980 studies of 
the Neches and Sabine Rivers, while Table 4 presents the results for the 
water samples. The only organics which were detected at levels of concern 
were phthalate esters. 

Organic Contaminants in Sediments 

Table 5 presents the results of the sediment analysis for the Corpus 
Christi Inner Harbor. Relatively high levels of several PAHs and phthates 
were found at station 3 near the entrance to Corpus Christi Bay. 

Results of the sediment surveys for priority pollutants in the Arroyo 
Colorado are show in Table 6. DOE levels were elevated at 3 stations as 
were phthalate esters. 

Table 7 presents the results of the sediment samples from the Sabine 
and Neches Rivers. PAHs were elevated in the Neches relative to the Sabine. 
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Organic Contaminants in Biota 

Residue data for various aquatic animals from Corpus Christi Inner 
Harbor are shown in Table 8. Phthalate ester residues in trout, flounder 
and blue crabs were very high at one station indicating a point source. 
Jensen (1979) reported elevated levels of metals in fish and shellfish from 
the same station. 

Table 9 shows the priority pollutants detected in fish fran the Arroyo 
Colorado in 1981~ Residues of chlordane were high in several of the species 
sampled. 

Davis 1984c summarized the history of DDT and toxaphene contamination 
of the river: 

"Persistently elevated pesticide concentrations have been of particular 
interest in the Arroyo, as the intensively cultivated watershed is one 
of the most heavily pesticided areas in the world (Donald White, U.S. 
Fish and Wildlife Service, personal communication). The USFWS observed 
that fish collected from the Rio Grande near Mission from 1966-1980 as 
part of the National Pesticide Monitoring Program had consistently con­
tained DDT, even though USEPA cancelled its usage in 1972. This 
observation stimulated a succession of studies by several agencies on 
various aquatic systems in the lower Rio Grande Valley, including the 
Arroyo Colorado. These studies, which are summarized in (Table· 9), 
have generally shown elevated levels of DDT and toxaphene in fish 
tissue samples from the Arroyo. There is some evidence that fish­
eating birds are being adversely affected, and that a potential human 
health hazard exists through the consumption of contaminated fish. 
Although the effects of elevated DDT and toxaphene levels on the 
aquatic biota of the Arroyo Colorado system have not been adequately 
documented, there are indications of a degree of adverse impact. 
Decline of the speckled trout fishery in the lower Laguna Madre during 
the 1960's was attributed in part to DDT and other organochlorine pes­
ticides contributed by the Arroyo Colorado (Table 10) and several fish 
kills in the area may have resulted from pesticides." 

Butler ( 1973) summarized data utilizing the eastern oyster to monitor 
chlorinated pesticides along the Texas coast. DDT, DOE, TDE, dieldrin, 
endrin and toxaphene were monitored at 13 stations between 1965 and 1972. 
The Arroyo Colorado, Nueces Bay and Lavaca Bay were the most highly con­
taminated areas over the period. 

Biological Effects 

Neches River - Water quality problems in this estuary are attributed to 
low dissolved oxygen levels during periods of stagnation, a condition wors­
ened by inputs of DO consuming organics from swamps and domestic wastes 
(Davis, 1984b). Several investigators have characterized the macrobenthic 
communities of the river and related changes in diversity to (1) industrial 
pollution (Harrel et al. 1976); (2) depressions in dissolved oxygen (Adsit 
and Hagen 1978) and (3) turbidity (Darville and Harrel 1980). 

141 



Arroyo Colorado.:.. Twidwell (1978) studied the tidal portion of the 
river and concluded that depressions in benthic diversity were due to 
depressed DO levels resulting from stratfication and organic loading~ As 
mentioned previously high residues of DDT and toxaphene are found in fishes 
from the river, however, the effects of these residues on the animals are 
unknown (Davis 1984). Residues in fish eating birds are within the ranges 
known to produce adverse effects in certain species (White et al~ 1983). 

Corpus Christi Inner Harbor - Bowman and Jensen (1985) reported the 
results of a water quality survey conducted in Corpus Christi Inner Harbor 
in 1982·. They concluded that water quality had improved compared to an ear­
lier study conducted in 1973. Although benthic populations were still 
limited in the inner harbor they attributed the paucity of the fauna to 
dredging operations and low oxygen levels due to limited flushing. 

Armstrong, et al. (1979) studied the effects of discharges frcm an oil 
separator platform in Trinity Bay, from July of 197 4 to December of 1975. 
They found a definite correlation between sediment naphthalene concentra­
tions and the number of species of benthic animals. The benthic fauria 
increased in both numbers of species and ind! vi duals as distance fran the 
discharge increased. They suggested that low 2 ppm of naphthalenes in 
sediments could be responsible for restricting many species. 

Mix (in press) reviewed the liter,ature concerning abnormalities in fish 
and shellfish from the Gulf of Mexico. With regard to abnormalities in fish 
he concluded, "The relative scare! ty of tumors in fish from the Gulf of 
Mexico remains somewhat of a mystery. Other surveys, some rather extensive 
(Sparks, personal communication), have failed to find aquatic animals af­
fected by neoplasms, even though some of the biota inhabiting Texas bays, 
particularly Galveston Bay, contain a variety of chemical pollutants includ­
ing phthalates, chlorobenzenes, PCBs, chlorinated pesticides and other 
compounds (Ray & Giam, 1984)~ However, compared to the Great Lakes, Puget 
Sound and other more limited bodies of water, the Gulf of Mexico cannot be 
cons! dered to have been studied intensively." 

Chambers and Sparks ( 1959) surveyed the fish and shellfish populations 
of in the Houston Ship Channel and in Galveston Bay. Even through extensive 
organ! c contamination was detected no tumorous animals were found. Oysters 
from Galveston Bay were analyzed for PAHs by Ehrhardt (1972) and found to 
contain residues of 750 ng/kg (wet weights). "Although he did not look for 
abnormalities, (Ray, personal communication) examined hundreds of oysters 
during that time period and found no neoplasms" (Mix, in press). 
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Figure 2 Study area and sampling stations, priority pollutant survey, Corpus Christi Bay and 
Corpus Christi Inner Harbor, September 1-3, 1981. (Davis, \1984a) 
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Study area and sampling stations. priority pollutant survey. Sabine River. Neches River. and 
Sabine Lake, September 22-25, 1980. (Davis, 1984b) 
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TABIE 1 

Priority Pollutants Detected in Water Sanples £ran Corp.m Olristi Bay 
an::1 Corp.m Christi Inner Harbor, September 1-3, 1981 

Stations 

Parametera 1 2 3 4b 5 

PHEOOI.S AND CRESOI.S 

phenolics recoverable <10-12 

METALS 

arsenic 2,000* 2,000* 

beryllium 2* 3* 3* 3-4* 5* 
cadmiun 4 4 5* 4-29* 4 
chromium 2 2 2 3 2 

copper <100-100* 100* 

lead 1 2 1 <1-3 2 

mercury 0.6* 0.9* 0.6* 0.9-4.2* 1.2* 
nickel 34* 32* 33* 29-31* 33* 
silver 28* 25* 22* 23-27* 28* 

thallium <450-460* 624* 
zinc 67* 51 77* 154-17'1:k 96* 

GENERAL IOORGANICS 

cyanide 12* 

a - all in )Jg/L 
b - range of concentrations measured on triplicate samples 
* - Value exceeded one or roore of the screening criteria listed in Appendix C 
Blanks in the table irdi.cate that the parameter was analyzed but not detected. 

(Davis, 1984a) 

6 

3* 
3 
2 

100* 

31* 
29* 

624* 
84*. 
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T~LE 2 

Priority Pollutants Detected in Water Samples from the Arroyo Colorado, March 24-25, 1981 

Statioo .. 

Parameter4 1 2 3 4 5D 6c 7C 
• 

PHEOOLS AND CRF.SOLS 
phenolics recoverable 76* 25* 20 35-48* 480* 

HALOOENATED ALIPHATI~ 
braRXlichloranethane ND-7.0 
braoofonn ND-10.1* 
chlorofonn ND-8.1 
dibraoochloranethane ND-14.3* 
methylene chloride 23.9 31.2 40.7 ND-27.0 
1,1,2,2-tetrachloroethane ND-28.8* 
tetrachloroethylene 6.6 66.9* 77.2* 65.6 63.4-79.9* 
1,1,2-trichloroethane ND-20.3* 
trichloroethylene 67.3* 12.4* 15.2* 14.9* 9.2-27.9* 6.3 42.4* 
1,3-trans-dichtoropropene ND-13.7* 

MNX:YCLIC ARCM\TICS 

benzene ND-14.1 7.2 
chlorobenzene ND-S.7 
toluene ND-3.6 

MErA1S 
arsenic 20* 20* 20* 30* 10-30* 20* 20* 
mercury ND-1* 
zinc 30 

.. 
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TABLE 2 (Continued) 

Station 

Parametera 1 2 3 4 . 

PFSl'ICIDES 

chlordane 
p,p' DDD 0.56* 0.10 
ganma-BHC (lin:lane) 
heptachlor epoxide 0.28* 0.23* 0.11* 

GENERAL IOORGANICS 
cyanide 20* 20* 20* 

J,-J 
~ 

\0 a - all values reported in l!g/L · 
b - range of concentrations measured on triplicate samples; ND= not detected 
c - tidal stations Call others freshwater) 
* - value exceeded one or roore of the screening criteria listed in Appendix C 
Blanks in the table irdicate that the parameter was analyzed but not detected. 

(Davis, 1984c) 

} ) 

5b 6c 7C 

0.03* 
ND-0.32* 
0.03-0.20* 
ND-0.51* 
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TABLE 3 

Priority Pollutants of Primary Significance with Regard to Future t-bnitoring Enphasis in the Arroyo Colorado 

- - - - - - -
Water Sediment 

National 85th 10-s Lifetime Olronic National 85th 
Percentile Cancer Risk Acute Toxicity Percentile Natiooal 85th 
Exceeded at Value Exceeded Toxicity Levels Exceeded at Percentile 
MJltiple at M.Jltiple Levels Exceeded at MJltiple ,. Exceeded at 

Parameter Stations Stations Exceeded M.Jltiple Stations Stations t-tlltiple Stations 

1) phenolics recoverable X 
2) tetrachloroethylene X 
3) trichloroethylene X 
4) arsenic X X X 

5) cadmiun* X X 

6) chrcmiun X 
7) copper X 

8) mercury X 

9) nickel 
10) zinc X 

11) chlordane X 

12) p,p' DOD X 

13) p,p' DOE X 

14) oor + metabolites X X 

15) heptachlor epoxide X 

16) toxaphene** X 

17) cyanide X 

* - did not exceed criteria in present stu:iy; exceedances based on the findings of Black atd Veatch, 1981 
** - not detected in the present study; exceedances based on the findings of Wlite et al., 1983 

(Davis, 1984c) 
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TABLE 4 
Priority Pollutants Detected in Water Sairples £ran the Sabine River, Neches River, and Sabine Lake, Septerrber 22-25, 1980 

Station 

Parameterb la laa 2a 34 4 4a 5 6 7 7a 
. 

PHrll1S AND aESOlS 
pentachloropvnll 
pherol CCgffsCH) s~le ~ <le <1 <1 ND-<ld cl 
pherolics recoverab e 2 . 3 

~ALIFHAn~ 

braooform 1.3 < 1-1.1 
chloroform <1 ND-<1 0.7 <1 
dibtaooc:hloranethane 
methylene chloride 2 1 2 <1 ND-1 1 
1, 1, 1-trtchloroethane. 

POL\'CYQ.IC ARCK\TIC ~ 

flooranthene 
phenan~ 
pyrene 

t<HX:'l'CI..IC ARCK\TI~ 
toluene 

~ 
anti.mJny 3 2 
anenic 2* 35* 2* 2* 3* 2* 1-3* 3* 2* 3* 
cachiun 20* 3* 7* 25* 
chraniun 64* 4* 3* 3* 24* 88* 
copper 39* 9* 7* 7* 13* 45* 
lead 293* 63* 415* 
nickel 67* 8 10 10 22* 93* 
seleniun 7 2 8 
silver 1* 1 
thalliun 1 3 
Zin: 77* 6 6 6 28 101* 20 
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TABlE 4 ( Contirued) 

Station 
b la 1a8 2a 38 4 4a 5 6 7 7a Parameter 

PESTICIDE.5 

aldrin < 0.1 
alJ:ha benzene hexachloride <0.1 <0.1 <0.1 < 0.1 ND-<0.1 
delta benzene hexachloride <0.1 <0.1 <0.1 < 0.1 ND-<0.1 < 0.1 
dieldrin < 0.1 
erdosul.fan alJila <0.1 
en:iosul.fan beta < 0.1 
erdosulfan sulfate 0.1 ND-<0.1 <"0.1 
en:irin < 0.1 < 0.1 --
enirin aldehyde 
ganma benzene hexachl.Qrlde ( liroane) <0.1 < 0.1 ND-<0.1 < 0.1 
heptachlor <0.1 < 0.1 < 0.1 < 0.1 
heptachlor epoxide <0.1 < 0.1 < 0.1 < 0.1 
P,P' DID <0.1 < 0.1 
P,P' ODE 

PHIHALATE FSrEltS 

bis(2-ethylhexyl) phthalate 2 2 10* 2 ND-14* 45* 
ootyl benzyl phthal.ate 
diethyl phthalate <1 < 1 < 1 <1 ND-<1 < 1 
dimethyl phthalate 
di-n-1:utyl phthalate 5 3 2 1 ND-<1 < 1 
di-n-octyl phthalate 

GENERAL IN:>RGANICS 

cyanide 2* 0.005* 0.005* 
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1-J 
V, 
w 
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Paraneterb 

PHEN>l.S AND CRESOLS 

pentachlorophenol 
plenC)l (C6Hs<J{) single carpc,l.l'd 
plenC)lics recoverable 

HAI.JXEX.\tED ALIPHATICS 
braoofonn 
chloroform 
dibramchlorooethane 
methylene chloride 
1,1,1-trichloroethane 

POLYCYCLIC ARCMATIC ~ 
flu:mmthene 
phenathrene 
pyrene 

KH:X:;YCLIC ARCMATICS 
toluene 

MEOOS 

antinr,ny 
arsenic 
cadmiun 
chraniun 
copper 
lead 
nickel 
seleniun 
silver 
thalliun 
zinc 

} 

8 

1 

3* 

) ) 

TABLE 4 (Continued) 

9 10 11 

<1 <1 

ND-0.5 
ND-<l <l <l 

1 1 1 
ND-0.S <1 

. 

3 
1-3* 2* 2* 
17* 18* 18* 
55* 53* 56* 
35* 32* 37* 
256* 217* 350* 
61* 68* 69* 
7 4 7 

1 1 
3 2 2 
65* 62* 71* 

.& » j /j 'j 

Station 

12 12a 13 14 14a 15 

<1 
s <l 

2 4 

1 2.1 1 1 2.1 <l 
<1 <1 <l 
<1 <1 

2 1 1 1 

<1 
<1 
<1 

<1 

3 2 
2* 1* 3* 3* 2* 
21* 10* 25* 20* 
60* 16 110* 75* 
33* 23* 44* 35* 
262* 419* 301* 
60* 28* 90* 52* 
7 4 4 

3 1 2 1 
73* 30 114* 86* 



TABLE 4 (Continued) 

Station 

Parameterb 8 9 10 11 12 12a 

PESrICIDES 
aldrin 
alpha benzene hexachloride < 0.1 
delta benzene hexachloride <0.1 <0.1 < 0.1 
dieldrin ND-<0.1 
endosulfan alpha 
endosulfan beta 
endosulfan sulfate ND-c0.1 0.1 
erdrin 
erdrln aldehyde ND-<0.1 
gamna benz.ene hexachloride (lirdane) 
heptachlor 
heptachlor epoxide ND-<0.1 
P,P' IX)I) <0.1 
P,P' DOE <0.1 

PffilW.A'IE FSI'ERS 

bis(2-ethylhexyl) phthalate 5-8* 2 4 2 
lx.ltyl benzyl phthalate 
diethyl phthalate <1-70* <1 <1 <1 
dimethyl phthalate <1 
di-n-1:utyl phthalate <1-1 1 1 2 
di-n-octyl phthalate 

GE!9AL I1'DRGANICS 
cyanide 0.006* 0.005* 5* 

a - freshwater stations (all others tidally influenced) 
b - all in µg/L, except cyanide (~/L) 
c - a nurber appearing as <x in:!icates a parameter detected at an unquantifiably low concentration 
d - range of concentrations measured on nultiple saq:>les; ND= not detected 
* - value exceeded ore or nDre of the screening criteria listed in Apperdix C 
Blanks in the table indicate that the parameter was analyzed b.Jt not detected. 

(Davis, 1984b) 
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TABLE 5 

Priority Pollutants Detected in Sediment Sanples fran Corp.is Christi Bay 
and Corp.is Christi Imer Harbor, Septerrber 1-3, 1981 

Station 
Parameter8 

1 2 3 

PHEN:>I.S AND CRESOLS 
phenolics recoverable 2.1 1.2 1.4 

HAI...C:CmATm ALIPHATICS 
tetrachloroethylene 

POLYCYCLIC ARCM\TIC HYDROCARBONS 

benzo{A)anthracene 1,2-benanthracene 198 
fluoranthene 31 534 
pyrene 32 369 

twKNX;YCLIC ARCMA.TICS 

1,2-dichlorobenzene 10 16 

METAlS 

anti.nony 
arsenic S.55* 5.62* 4.40 
caaniun 1.62 0.60 1.90 
chrcmiun 18.8 20.8 41.5 
copper 15.1 14.9 25.0 
lead 15.7 23.8 49.2 
mercury 0.807* 0.472 
nickel 14.1 12.8 1S.O 
silver 0.2SS 0.909 
zinc 89.0* 138.0* 285.0* 

PKlliAl.ATE FS1'ERS 
bis(2-ethylhexyl)phthalate 91 
diethyl phthalate 140 642 666 
di-n-bJtyl phthalate 61 

GElDAL INJRGANICS 
cyanide 

a - all in 1,1g/l<g, except phenolics recoverable, metals, and cyanide (~/l<g) 

* - value exceeded one or nore of the screening criteria listed in Appendix C 
Blanks in the table indicate that, the parameter was analyzed b.Jt not detected• 

(Davis, 1984a) 

4 

2.1 

330 

1.60 
6.99* 
7.98* 
49.9 
49.9 
145.0* 
1.900* 
13.0 
1.300 
125.0* 

s 6 

3.4 1.1 

44 

99 

0.39 1.00 
6.58* 4.00 
5.92* 4.50* 
26.4 18.7 
26.7 17.5 
28.9 29.8 
1.060* 0.076 
12.6 9.00 
0.485 0.200 
593.0* s.o 

1.1 
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TABLE 6 

Priority Pollutants Detected in Sediment Samples from the Arroyo Colorado, March 24-25, 1981 

Station 

Pararneter8 1 2 3 4 5 6 

PHEN:>LS AND·CRESOLS 
phenolics recoverable 2.4 1.4 2.2 1.7 1.1 1.0 

POLYCYCLIC ARa.iATIC HYDROC.ARBONS I 

napthalene 30 19 
MONX:YCLIC ARa.iATICS 

toluene 252 24 
METALS 

antinony 1.60 1.03 0.79 0.77 0.88 
arsenic 2.59 2.74 5.42* 1.81 4.23 3.29 
beryllium 1.20 1.03 1.97 0.40 1.73 1.76 
cadmiun 0.17 0.20 0.22 
chromium 13.6 14.1 21.5 5.3 20.9 21.1 
copper 15.0 17.1 61.6* 5.0 24.0 18.9 
lead 41.5 19.5 22.9 1.6 38.9 19.3 
mercury 0.343 4.240* 0.471 3.970* 
nickel 13.0 12.9 15.8 10.3 14.4 17.6 
silver 0.10 0.51 0.39 0.87 0.33 
zinc 64.6 66.9 86.5* 16.8 83.8* 76.1* 

PFSTICIDES 
p,p' DDE 22* 39* 10 23* 

7 

1.3 

0.80 
3.61 
2.00 
0.50 

·19.2 
17.5 
11.0 
1.230* 
16.0 

73.7 
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TABLE 6 (Continued) 

Station 

Parametera 1 2 3 4 

PHrnAI.ATE E.STERS 

bis(2-ethylhexyl)phthalate 
diethyl phthalate 24 122 
di-n-butyl phthalate 34 

a - all values reported in ~g/kg, except metals and phenolics recoverable (mg/kg) 
* - value exceeded one or llx:>re of the screening criteria listed in Appendix C 

~ Blanks in the table irdicate that the parameter was analyzed but not detected. 
\J1 
-:i 

(Davis, 1984c) 

.) 

5 6 7 

284 168 
278 150 54 
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TABLE 7 
, Priority Pollutants Detected in Sedirrent Saq>les from the Sabine Rl. ver, Neches River, ard Sabine lake, September 22-25, 1980 

Station 

Paraneterd 1 la 2 3 4 4a 5 6 7 

PHEOOI.S AND CRESOl.S 

pherx>l <C-sH5CH) single c:aqx,..n:i 
phenolics recoverable 167 157 180 

POLYCYCLIC ARCM\TIC H'iDROCIJUmS 

acenapthylene b anthracene d det.-13 
anthracene + phenanthrene 2500 

ND-det.c benzo( a) pyrene 5000 
benz.o(k)fluoranthene + benzo(B)fluoranthened det. ND-det. 
chtysene d det.-34 
chtysene + benm(A)anthracene 1,2-bemanthracene 1200 5500 
flooranthene det. 2200 1000 74-1100 31 
flmrene det. 
phenanthrene 
pyrene det. 1500 6000 55-1000 52 

MEI'AlS 

arsenic 15* 18* 16* 19.9* 36* ND-19* 27.9* 21* 
berylliun 0.44 0.39 0.36 ND-0.5 0.5 
chraniun 19 17 16 66.4* 40.6 763* 21-96* 60.8* 28 
copper 1.9 0.75 1.2 18.6 4.8 86.7* 1.7-19 13.8 3.3 
lead 2.3 1.3 2.7 47.8 26.3 867* 6.4-38 1.3 
mercury 0.013 0.006 0.01 0.41 0.01-0.11 0.04 
nickel 2.2 2.6 2.3 8.0 7.2 30.4 2.5-7.7 13.8 2.9 
zinc 20 16.2 14.4 125* 76.5* 377* 13.5-103* 83* 18 

PHllW.A'I'E ESl'ERS 
bis(2-ethylhexyl)phthalate 

GENERAL IM:>RGANICS 

cyanide 1.35 0.92 

) 

7a 

det. 
det. 

det. 

23.7* 

136* 
109* 
40:8 
0.43 
19.1 
109 

0.157 
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TABLE 7 ( Con;inued) 

P~rameter8 8 

PHDl>LS AND CRES01S 

phenol (Cgffs<H) single carpcud 
phenolics recoverable 

POL'iC'iCLIC ARCMATIC ~ 

acenapthylene 
anthracene d 
anthracene + ~ 

· benm(A)pyrene d 
· bew.o(K) flooranthene + benzo(B) fluoranthene 

clu:ysene d 
dn'ysene + benzo(A)anthracene 1,2-benz.anthracene 
flooranthene 
fiu:,rene 
phenanthrere 
pyrene 

~ 
arsenic 13.8* 
berylliun 
chmniun 50.7 
copper 
lead 

31 

meran:y 
nickel 11.3 
zinc 84.5* 

PHIHAIA'l'E ES'lDS 

bis(2~thylhexyl)phthalate 

GflOAL DOGAN!~ 

cyardde 

a - all in 11g/kg, except metals, phenols, cyanide (ng/kg) 
b - det. • detected at an mcpmtifiably low concentration 
c - ND • not detected 

9 10 

0.004 

77 

lS..Jta.2* 15* 
0.5 0.45 
21-85.8* 18 
4.1-23.4 3.6 
2.6 2.8 
0.03-0.12 0.028 
3.5-23.4 2.3 
24-133* 22 

d - carpcu,ds not separable by the analytical method eq,loyed 
* - value ~eeded one or m:,re of the screening criteria listed in Appendix C 

Blanks in the table indicate that the parameter was analyzed but not detected. 

(Davis, 1984b) 

11 

19* 
0.43 
20.s 
1.1 
1.2 
0.016 
2.25 
16.5 

.) 

Station ; 

12 12a 13 14 14a 15 

0.036 

110 17 46 
24 

det. 
det. 
det. 

31 
det. 

180 det. 14 17 det. 

21 11 10 
220 det. 21 46 1200 

~ 

28* 22.6* 20* 22* 24.7* 15* 
0.44 0.43 0.45 0.43 
26 45.3 14.5 16 46.2 20 
4.85 20.1 3.3 1.8 34.7 4.2 
2.05 25.1 3.9 2.2 0.023 1.3 
0.021 0.033 0.026 0.012 
2.2 10.1 0.86 2.7 30 2.3 
25 90.5* 11 16 74 24 

det. 

0.0341 
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TABLE 8 
Priority Pollutants Detected in Aquatic Organism Tissue Sanples fran Corpus Christi Bay am Corpus Christi Inner Harbor, Septen:ber 1-3, 1981 

Stations 

la I. 

Parameter8 
southern \hite sand speckled hardhead blue Anerican speckled southem 
flCU"lder nenhaden shrinp trout trout catfish crab oyster trout anchovy fiCUlder 

(l)b (5) (20) (5) (2) (5) (5) (25) (2) (200) (2) 

PHEN:>l.S AND ~ 

phen:>lics recoverable 2.7 1.4 5.9 3.6 
-

~ 
2-chloroethyl vinyl ether 10 
4-brmophenyl phenyl ether 10 

HALCG:NATm ALIPHATICS 

methylene chloride 24 17 16 

POLYCYCLIC AIOV\TIC ~ 

napthalene 34 26 14 23 13 43 101 25 19 

KH:X:YCLIC ARCK\TICS 

1,2-dichlorobenzene 15 
1,2,4-trichl~ 29 

~ 
arsenic 0.116 0.163 0.110 0.188 1.160* 0.096 0.109 0.373* 0.131 0.102 0.110· 
berylliun 0.029 0.018 
caaniun 0.108 0.044 0.030 0.020 0.010 c.010 0.097 15.496* 0.009 0.093 0.094 
chraniun 2.233* 0.470* 0.622* 0.196 0.209 0.283 1.413* 2.217* 0.131 1.132* 0.643* 
copper 1.606* 1.828* · 5.525*. 2.427* 0.585 12.190* 69.464* 2.518* 3.452* 1.748* 
lead 0.343 0.568 0.099 0.088 0.119 0.185 7.343* 0.910* 0.122 0.186 0.085 
mercury 0.206 0.156 0.130 0.160 0.222 0.319 0.164 0.454 0.349 0.215 0.307 
nickel 0.235 0.089 0.197 0.117 0.080 0.088 0.339 0.237 O.OS6 0.130 0.321 
seleniun 0.116 0.163 0.110 0.188 0.086 0.096 0.109 0.373 0.131 0.102 0.110 
silver 0.010 0.950* 
zinc 16.059* 14.549* 17.16A* 13.408* 16.216* 21.546* 21.411* S,798.S36* 11.232* S3.818* 26.930* 

PCB'S AH> REI..ATm ~ 

total pcb's trace 886 trace tmce 

PKDW..ATE ES1'E1S 

bis(2-ethylhexyl)phthalate 8,S30 diethyl phthalate 126 130 92 181 3,003 96 dinethyl phthalate 15 64 di-n-butyl phthalate 49 

GENDAL Il«lRGANICS 
cyanide 3.9 1.2 

} 

blue 
crab 
(5) 

2.4 

31 

0.119 

1.368l' 
0.789* 

13.482* 
0.190 
0.218 
0.180 
0.119 
0.020 

S6.527* 

9,663 

118 
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TABLE 8 (Contiruecl) 

Station 

5 

Parametera 
blue sand ·hanlhead 
crab trout catfish pinfish 

(5) (5) (5) (5) 

PHEOOl.S AND CRFSOI.S 

phenolics recoverable 3.0 3.2 1.7 1.3 

E11iER.5 --
2-chloroethyl vinyl ether 
4-brarophenyl phenyl ether 

HAta;ENATED ALIPHATICS 

methylene chloride 

POLYCYCLIC Al01ATIC HYDROCARBONS 

napthalene 14 14 13 

MOOOCYCLIC ARQ.1ATICS 

1,2-dichlorobenzene 
1,2,4-trichlQrobenzene 

METALS --
arsenic 0.112 0.962* 0.101 0.093 
becy l liun 0.038 0.010 
,cadmium 2.144* 0.019 0.136 0.098 
chromiun C.626* 0.136 0.195 
copper 11.687* 3.173* 0.988 0.790 
lead 0.239 0.125 0.242 0.380 
mercury 0.202 0.343 0.177 0.219 
nickel 0.184 0.038 0.068 0.088 
selenium 0.112 0.128 0.352 0.093 
silver 
zinc 43.250* 8.369* 28.973* 27.501* 

PCB' S AND REI..ATED ca-1POJNDS 

total pcb's 

PHrnALAn: ESTl-.l<S 

bis(2-ethylhexyl)phthalate 
diethyl phthalate 20 11 
dimethyl phthalate 
di-n-butyl phthalate 67 

GENERAL INORCANICS 

cyanide 1.0 1.4 

a - all in i,g/kg, except phenolics recoverable, metals, and cyanide (~/kg) 
b - nunbers in parentheses are the runber of irdividuals canposited for analysis 
* - value exceeded one or roore of the screening criteria listed in Appendix C 
Blanks in the table irdicate that the parameter was analyzed but not detected. 

(Davis, 1984a) 

menhaden 
(1) 

10.6 

0.545* 

0.345* 
0.792* 
2.073* 
0.705 
0.114 
0.144 
0.545 

20.297* 

2.2 
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TABLE 9 
Priority Pollutants Detected in Aquatic Organism Tissue Sanples fran the Arroyo Colorado, March 24-25, 1981 

Station 

1 3 5 7 

large- hard-

Parameter8 
gizzard channel sailfin gizzard chamel channel gizzard channel channel roouth head 

shad catfish molly shad catfish catfish carp shad catfish catfish carp bass croakers catfish shrirrp 
(5)b (1) (20) (5) (5)c (l)d (3) (3) (S)e (l)f (4) (1) (10) (S) (20) 

PHENJLS AND CRESOLS 
pheR:>lics recoverable 1.5 1.3 3.3 5.2 3.8 2.3 3.8 1.7 3.8 2.9 

HAJ...OOENATED ALIPHATICS 

1, 2-dichlorobenzene 14 
1,3--0ichlorobenzene 16 

POLYCYCLIC ARCW.TIC HYDROC.6.RJ30NS 

napthalene 30 68 46 27 
MEl'Al.S 

arsenic 0.108 0.103 0.132 0.118 0.120 0.147 0.102 0.121 0.148 0.098 0.106 0.720* 0.102 1.100* 1.360* 
berylliun 0.038 0.029 0.038 0.010 0.009 0.008 
cadmiun 0.019 0.018 0.019 0.019 0.109 0.018 0.021 0.016 0.020 0.024 0.039 0.010 0.021 0.018 0.048 
chraniun 0.672* 0.192 0.544* 0.255 0.283 0.532* 0.126 0.154 0.051 0.145 0.105 . 0.144 0.109 
copper 1.939* 1.172* 2.848* 1.728* 1.608* 1.677* 0.935 0.435 1.918* o.759 0.672 8.541* 
le.ad 0.422 0.128 0.330 0.217 0.234 0.119 C.199 0.138 0.071 0.040 0.174 0.147 0.072 0.109 0.019 
nercury 0.169 0.245 0.280 0.193 0.262 0.182 0.263 0.125 0.312 0.318 0.204 0.300 0.174 0.253 0.120 
nickel 0.298 1.108* 0.311 0.094 0.166 0.284 0.167 0.114 0.112 0.040 0.058 0.189 0.164 0.182 0.076 
seleniun 0.108 0.103 0.132 0.118 0.120 0.098 0.102 0.121 0.148 0.098 0.106 0.120 0.102 0.096 0.101 
silver 0.058 
zinc 12.289* 15.936* 13.024* 7.480* 16.660* 11.730* 19.253* 14.940* 13.618* 5.210* 37.303* 11.636* 11.079* 97.131* 12.730* 

PESTICIDFS 
chlordane 537* 593* 542* trace trace trace 874* trace 608* 
p,p' ODE 473 

PHIWJ.ATE FSmlS 

bis(2-ethylhexyl)phthalate 136 
die~l phthalate 180 513 307 161 127 241 82 
dime yl phthalate 101 18 23 

GENDAL I~CS 

cyanide 1.4 1.0 2.0 1.1 1.3 1,2 1.4 1.s 1.0 1.3 
FCB'S AND RELATED~ 

total pcb's trace 

(footnotes on next page) 

) 

. 



Table 9 (cont.) 

a - all values reported in µg/kg, except phenolics recoverable, 
metals, am cyanide (~/kg) 

b - nunbers in parentheses are the nunber of irxlividuals canposited 
for analysis · 

c - canposite sample of 5 charmel catfish, each approximately 25 an 
in total length 

d - channel catfish approximately 36 cm in total length 

e - canposite sample of 5 channel catfish, each approximately 30 an 
in total length 

f - edible tissue sample (fillets) taken from a channel catfish 
weighing approximately 6 kg 

* - value exceeded one or more of the screening criteria listed in 
Appendix C 

Blanks in the table indicate that the parameter was analyzed but not 
detected. 

(Davis, 1984c) 
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Table 10 

Chronology of DDT and Toxaphene Investigations on the Arroyo Q)lorado 

1969-70 

1970-72 

1972 

1973-76 

1976 

1977 

1978 

February 1979 

March 1979 

November 1979 

Study by Texas Parks and Wildlife Department (TP&WD) irdicated 
decline of speckled trout fishery in lower Laguna Madre during 
1960's, attributed to IDr and other organochlorine· pe·sticides 

·contributed by the Arroyo Colorado. 

Study by Texas Department of Agriculture revealed DD!' levels 
in the upper Arroyo Colorado higher than any previously 
observed in Texas. 

Use of DDT restricted by U.S. Environnental Protection Agency 
(USEPA) , allowing only limited usage for public health pur­
poses. 

Fish tissue samples collected by TP&vl> in lower Arroyo indi­
cated elevated levels of oor and toxaphene, rut values were 
less than the 5 .O mg/kg U.S. Focxi ard Drug Administration 
(USFDA) limits for edible fish tissue. 

Whole fish samples collected by U.S. Fish an::I Wildlife Service 
(USFWS) in the upper Arroyo contained levels of DDT and toxa­
phene 3-6 times the USFDA limits. Edible tissue samples were 
not analyzed. 

Fish tissue samples collected by the Texas Department of Water 
Resources · ('I.WR} in ~he lower Arroyo showed DDT an::I toxaphene 
levels well within USFDA limits. 

Fish tissue samples collected by USFWS in the upper Arroyo 
s~ DDT and toxaphene levels 2-6 times the USFDA limits in 
whole fish samples, and alx>ve the USFDA limits in edible 
fillets. 

C:Opy of 1976 USFWS data forwarded to Texas Department of 
Health (ID of H). 

Copy of 1978 USFWS data forwarded to ID of H. 

Joint fish tissue study conducted by USFWS arrl '!WR with 
saJtples split . between three laboratories.. Data s~ levels 
of DDT am toxaphene in whole fish in the upper Arroyo 3-6 
times higher than USFDA limits. However, the majority of 
analyses were perfonned on whole fish an::I not edible tissue 
for which USFDA guidelines are intended. 
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July 1980 

September 1980 

1980 

March 1981 

June 1981 

April 1982 

Table 10 (cont.) 

USFWS in letter to USEPA reconmended that the Arroyo Colorado 
between McAllen and the Port of Harlingen be closed to sport 
fishing or at least that warning signs be posted. USEPA noti­
fied m of H of USFWS recoomerdations. ID of H then urdertook 
an in:leperdent study to ascertain levels in edible fillets 
since all prior studies dealt mainly with whole fish. 

'ID of H data indicated levels of DDI' and toxaphene exceeding 
USFDA criteria for edible fish tissue. ID of H then issued a 
public advisory discouraging consurrption of fish fran the 
Arroyo Colorado near the Port of Harlingen and from Llano 
Graroe Lake. 

Study published docunenting a decline in fish-eating bird 
populations along the Texas coast as a result of direct 
mortality and decreased reprcxluctive success d~ to eggshell 
thimrl.ng ioouced by DDr and DDE ( King et al. , 1980) • 

The study ~escribed in this report was conducted by nx,JR., 

l.awer Rio Grande Valley Development Qruncil (LRGVDC) published 
208 study conducted from October 1979 to September 1980 per­
taining to levels and sources of organic pesticides and metals 
in water, sediment, aro fish tissue in the lower Rio Grande 
Valley. Data irrlicated recent introductions of 001' into the 
Rio Grarde and its subsequent distribution throughout the 
valley by irrigation canals. Concentrations in the Arroyo 
Colorado were the highest observed in the Rio Grarxle Valley. 
Strong circunstantial evidence indicated that oor enters the 
Rio Graooe from Mexico. Other possible sources mentioned were 
runoff from abardoned fornulating plant sites and/or storage 
areas, leachates from abandoned solid waste disposal sites, 
and illegal, small-scale usage of DDr purchased in Mexico. 
Recarmendations were made that a comprehensive survey of the 
Arroyo Colorado be conducted in an attempt to locate point and 
nonpoint inputs of DDT (Black and Veatch, 1981). 

LRGVDC published draft report of follow-up f08 study conducted 
in an attempt t~ identify sources of DDT input to the Arroyo 
Colorado. Data indicated higher levels of DDI' in fish from 
Llano Grande Lake than from the lower Rio Grande or the North 
Floodway. oor residue was relatively unifonnly distributed in 
sediments in the Arroyo between Mission and Llaro Gratde Lake. 
Runoff from the Hayes-Samoons site in Mission, a fonner DDT 
fonrul.ating and storage site, was proposed as the possible 
major contribution of DDT to the Arroyo. DDI' was generally 
higher in wastewater treatment. plants that receive washings 



August 1983 

Table 10 (cont.) 

from fruit ard vegetable processing operations than in plants 
not receiving such wastes. DJJI' arxl toxaphene were detected in 
two of ten samples taken from subsurface agricultural drains. 
Recoomerdations were made that further investigations be con­
ducted into the sources of DDr in the Arroyo ( Black and 
Veatch, 1982). 

Study published docunenting elevated 001' ard toxaphene · 
residues in fishes and binls in the lower Rio Grarde Valley 
(White et al. , 1983) , based in part on USFWS studies mentioned 
above. DDE am toxaphene levels in fish from the Arroyo 
Colorado were reported to be higher than samples from other 
areas in the valley, with both ranging up to 31.5 ~/kg. 
Median DDE residues in fish-eating bird carcasses from near 
the Arroyo ranged up to 34 ~/kg, aid 81 ng/kg in imividual 
specimens. The levels of contamination of fish am birds were 
within, or above, ranges known to produce adverse effects in 
certain species. Sane evidence of adverse effects on birds was 
obtained through obseivations that eggs of sane species are 
high in DOE, eggshells are thin, and reprcxiuction is poorer 

. than i~ birds at other localities along the Texas coast. The 
i.q)acts of DDE and toxaphene on the fishes and aquatic inverte­
brates of the Arroyo C.Olorado were reported to be unknown, am · 
additional research was recoomended to elucidate these 
i.q)acts. Sources of contamination to .the Arroyo Colorado 
system were theorized to include past and present use of 
pesticides on surrounding croplan:ls, an:l runoff from the afore­
mentioned abandoned pesticide plant at Mission. 

(Davis, 1984c) 

, 
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CHESAPEAKE BAY 

The Chesapeake Bay (Figure 1) and particularly its more industrialized 
sub-estuaries are subjected to a variety of toxic chemicals. In some cases, 
e.g. Kepone, damages to resource uses are well documented (Bender and 
Huggett; 1984), while in others, e.g. PAHs, potential impacts are indicated 
from field and laboratory studies (Hargis et al~, 1984 and Huggett et al~~ 
1986)~ 

Organic Contaminants in Sediments 

Bieri et al. (1982a,b) reported on a comprehensive program to determine 
the levels of PAHs in sediments from the main stem of the Bay and the 
Elizabeth and Patapsco rivers. 

Figure 2 shows the location of their sediment sampling stations in the 
Bay. Figures 3 and 4 present data on total aromatics in surfac~ sediments 
at these stations in the spring and fall of 1979, respectively. Figures 5 
and 6 give the concentration sums of PAHs related to the combustion of 
carbonaceous matter for the same sampling period. An examination of data 
shown in Figures 5 and 6 indicates that tributary streams are the major 
source of these compounds to the Bay proper (Station 1 - Lynnhaven; Station 
3 - James; Station 5 - York; Station 8 - Rappahannock; Station 13 - Potomac; 
Station 23 - Patapsco; Station 26 and 27 - Susquehanna). 

Figures 7 and 8 present data o~ levels of total resolved PAHs and 
pyrogenic PAHs in the Elizabeth River. Note that the levels found here are 
2-4 orders of magnitude higher than those found in the Bay proper (Figures 
3,4,5 and 6). A more detailed discussion of the sources and effects of 
these elevated PAH levels is presented latter. 

Figures 9 and 10 show data on the levels of total resolved PAHs and 
pyrogenic PAHs in the Patapsco River (Baltimore Harbor)~ As was the case in 
the Elizabeth levels in the Patap~co are several orders of magnitude highe~ 
than those found in the Bay proper. 

Bender et al. (1986) sampled sediments along the James, York and 
Rappahannock rivers for PAHs. The results from this survey are shown in 
Table 1. 

Bender and Huggett (1984) reviewed sediment contamination of the James 
with Kepone relative to the residues found in fish and shellfish. A more 
detailed discussion of this data is presented in the section on Kepone 
effects. 

Organic Contaminants in Biota Residues and Effects 

Polynuclear Aromatic Hydrocarbons 

Field observations suggests that fishes in the Elizabeth River, 
Virginia are severely stressed because of the contamination of the sediments 
by polynuclear aromatic hydrocarbons (PAHs). Figure 11, from Huggett et al. 
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( 1986) shows the distribution of one PAH, benzo(a)pyrene~ in surface sedi­
ments along the _Southern Branch of the Elizabeth River. Iracidences of 
abnormalities, e.g. skin lesions, cataracts and fin erosion· in native fishes 
collected along the river increase at stations which are heavily con­
taminated (see Table 2 and Figure 12)~ 

In laboratory exposures of spot to contaminated sediments from the 
Elizabeth River dermal lesions and fin rot similar to those in fish from the 
Elizabeth River were observed (Hargis et al., 1984). Weeks and Warinner 
(1984) found that the phagocytic efficiency of·macrophages from spot 
(Leiostomus xanthurus) and hogchokers (Trinectes maculatus) resident in the 
Elizabeth River was reduced when compared to fish from control locations. 

The bioavailability of PAHs in the river is demonstrated in Figure 13, 
which shows the residue levels observed in oysters transplanted along the 
river system (Huggett et al., 1986). During this transplant study we also 
observed. depressed lipid levels in oysters which were exposed at the more 
contaminated stations (Figure 14). 

PAHs are widespread contaminants of freshwater and estuarine systems 
and have been implicated in causing effects on fishes and shellfish in other 
areas [Black (1983)~ the Niagara River; Mix (1984), Oregon Bays; and Malina 
et al. (1985), Puget Sound]~ 

A recent survey of PAH contamination in Virginia's major river systems 
(see Figure 15 for station locations) indicates higher residues in shellfish 
collected from ·estuaries draining the more industrialized or populated 
basins (Bender, 1985). Figure 16 shows the residues of total resolved PAHs 
in oysters (Crassostrea virginica) and brackish water clams (Rangia cuneata) 
along the James, York, and Rappahannock rivers in the fall of 1984. In the 
James River residues of total PAHs in oysters declined with increasing 
distance from the river mouth while residues in clams, al though generally 
higher than oysters, showed no distinct trends with distance. Residues in 
Rangia collected from the Chickahominy River (an undeveloped tributary of 
the James) were considerably lower than those in Rangia from the James River· 
stations. 

In the York River concentrations of total aromatics increased dramati­
cally at the most upstream oyster rock sampled, and clams collected from 
just below West Point had the highest residues observed during the survey 
(Figure 16)~ A detailed examination of the clam samples from the York, 
Pamunkey and Mattaponi rivers indicated that compounds derived from resin 
acids of plants accounted for a significant proportion of the resolved 
aromatics in these samples. The concentrations of the "resin acid derived 
compounds" in the York, Pamunkey and Mattaponi rivers are shown in Figure 
17. 

Concentrations of hydrocarbons in the unresolved envelopes (mixtures of 
degraded aromatic hydrocarbons) from these samples are shown in Figure 18. 
Oysters and clams collected from the Rappahannock showed no evidence of 
unresolved envelopes (UCMs). In both the York and James rivers substantial 
increases in the UCM were observed in both oysters and clams collected near 
the turbidity maximum zone. The lack of a UCM in the Rappahannock samples 
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and the relatively low concentration observed i.n the Chi ckahomi ny samples 
suggest anthropogenic origins for the envelopes. 

At present we have no conclusive evidence to indicate that shellfish 
populations which show higher PAH residues are adversely affected. It 
should be noted that Rangia populations in the upper York and the lower 
Mattaponi and Pamunkey .rivers are very small compared to those in the James 
and Rappahannock rivers. In addition_, clams from these areas generally 
appear to be in poor condition, i.e. they have lower dry weight to wet 
weight ratios than clams from other river systems~ 

Organotins 

The recent proposal by the U.S. Navy to utilize tributyltin (TBT) based 
paints as antifouling coatings on all Navy vessels has prompted concern over 
the potential environmental effects of TBT in the Chesapeake Bay (Fed. Reg., 
1985). TBT-based paints have been used on pleasure craft in Europe and the 
United States for about 15 years. 

Recent studies in England and France, summarized by Stebbing (1985), 
have implicated tributyltin in causing decreased spatfall, decreased growth 
and shell malformations in oysters (Crassostrea gigas). Thain and Waldock 
(1983) showed that very low concentrations of tributyltin oxide (TBTO), 
0.15 µg/1, inhibited the growth of young oysters (C. gigas)~ Beaumont and 
Budd (1984) reported about 50% mortality of mussel larvae (Mytilus edulis) 
after 15 days exposure to TBTO concentrations of 0.1 µg/1. For adult mus­
sels of the same species, 96 hr LC50 values of 20-60 µg/1 have been reported 
(U.S. Navy, 1983). Thain (1983) found a 48 hr LC50 of 1800 µg/1 (TBTO) for 
adult oysters (C. gigas) and an LC 50 of only 1.6 µg/1 for their larvae. 
Laugh! in, et. al. ( 1984) showed a significant reduction in the survival of 
Gammarus oceanicus larvae at 0.3 µg/1 of TBTO, although adults were not 
affected at this level. 

Recent studies have found TBT concentrations in water near marinas in 
the lower Bay region as high as 68 ng/1, as Sn [-.15 µg/1 as 
bi~(tributyltin)oxide] (Unger and Huggett, personal communication). 
Compared to bioassay data, e.g. with mussel larvae, such levels are within 
the acutely toxic range. 

Preliminary data indicate that TBT is toxic to fertilized embryos of 
the Eastern oyster (Crassostrea virginica) at 0. 7 µg/J!. (LC 50 ) in 48 hours 
(Roberts, personal communication). Further tests are necessary to determine 
the acute toxicity to oyster larvae at various developmental stages. In 
addition, bioassays on other non-target species are needed, e.g. the hard 
clam (Mercenaria mercenaria), the bay scallop (Aequipecten irradians), and 
others. 

Kepone 

Restrictions on the commercial harvest of some species of f infish are 
still in effect in the James River, 10 years after the discovery that the 
pesticide Kepone (decachloroctahydro-1, 3, 4-metheno-2H-cyclobuta (cd) 
pentalin-2-one) had contaminated the estuary. Kepone was produced in the 
City of Hopewell by two firms between 1967 and 1975. The pesticide entered 
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the tidal James River through a variety of routes including chemical plant 
discharges, runoff from contaminated land fills and sewage effluents. 

Bender and Huggett (1984) reviewed the data available through 1982 on 
the status of Kepone contam~nation in the estuary, and this discussion is 
based primarily on that review. 

Bottom sediments of the river are contaminated from the source at 
Hopewell to near the river mouth. Figure 19 shows the mass of Kepone es­
timated to be present in the upper 32 cm of bed sediments as a function of 
time and location. As can be seen from the figure~ the rate of burial or 
rate of dilution, i.e. the slope, is greatest in the turbidity maximum zone, 
followe~ by the upper estuary, and is considerably lower in the lower 
estuary. Since these bed sediments serve as the source of Kepone available 
to organisms, the rate at which burial or dilution occurs is extremely 
important in determining exposure levels for aquatic animals. 

Figure 20 shows the relationship between the Kepone residues observed 
in 4 species of animals as a function of the change in mass of Kepone.in 
river sediments over time. 

Figure 21 depicts the change in third quarter (July-September) residues 
for croaker and spot from the lower river as a function of time (1976-1985). 
Residues for both species declined through 1980 but then increased in 1981. 
Since 1981 residues have again declined but at a much slower rate. 

After the Kepone contamination of the James River was discovered in 
1975, numerous studies were conducted to estimate its impact on the biota of 
the river. The majority of these investigations to establish effects levels 
were conducted by researchers at the U.S. Environmental Protection Agency 
laboratory in Gulf Breeze, Florida, and by the staff and students of the 
Virginia Institute of Marine Science. Space precludes a detailed discussion 
of each of their findings. For more information, the reader is referred to 
the original references cited in Bender and Huggett (1984)~ 

Acute, partial chronic and chronic toxicity tests have all been util­
ized to estimate the effects of Kepone on aquatic life. In some cases the 
bioassays established no effects levels, i.e. an exposure level at which no 
significant difference in growth, reproduction, etc. was observed versus a 
control group. Other studies estimated the maximum acceptable toxicant 
concentration (MATC) by use of the application factor. The application 
factor is defined as the ratio of the MATC to the 96 hour LC50 • 

Figure 22 compares the measured no effect level for the animals indi­
cated to the levels of Kepone found in the river. As can be seen from the 
figure, exposure levels are well below these no effect levels. Figure 23 
shows the MATC's for fishes using an application factor of 0.001, the most 
conservative estimate of an application factor (Goodman et al., 1982). 

In summary, these laboratory bioassays have shown that Kepone can 
produce acute and chronic effects on marine and freshwater animals. 
However, the concentrations necessary to cause effects are considerably 
greater than those found in the river. If these conclusions about effects 
on the biota are correct, then the major impact of Kepone contamination in 
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the river is through economic losses due to the restrictions on fishing~ 
Quan ti ta~.i ve estimates of the magnitude of the economic impacts are not 
available. Many commercial fishermen along the river participated in legal 
actions for damages against· the manufacturing firms~ claims which were 
settled out of court. 
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Figure 15 Blv•lve sall!pllng stations for PAHs (fro,a Bender 198S] 
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Table 1 

Sediment PAH Concentrations 
ppm - dry weight 

Total 
River Station Resolved Natural Anthro2osenic 

James 1 1~36 0.06 1.30 
James 2 1:04 0:12 0:92 - James 3 6;22 0:93 5;29 
James 4 7 :12 1:45 5:67 
James 5 13;90 1;26 12:64 
James 6 ·5:69 0:55 · 5: 1 J& 
James 1 7;25 1:05 6;20 
James 8 5:02 0:57 J&;67 
James 9 6:36 0:38 5:98 

York 1 0.97 0.01 0.90 
York 2 1.03 0:09 0:94 
York 3 0:98 o: 14 o:84 
Pamunkey 1 14:22 12.;25 1;97 
Pamunkey 2 ·1;75 ·o:49 1:26 
Mattaponi 1 1 ;19 0:25 0:94 
Mattaponi 2 0;57 0:26 0:31 

Rappahannock 1 0.09 0.01 0.08 
Rappahannock 2 0.;62 0:03 0:59 
Rappahannock 3 0;94 0;26 o:68 
Rapp~annock J& 0.;67 0.;04 0;63 
Rappahannock 5 0:82 0:09 0:73 
Rappahannock 6 0:89 0:20 o:69 
Rappahannock 7 1:28 o:45 0;83 
Rappahannock 8 5;11 2.12 2:99 
Rappahannock 9 0:32 0:12 0:20 

(Bender, et al., 1986) 
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~ 

T.a.le 2 Percentage of fish showing gross abnorulitles froa exposure to 
contaalnants in the Elizabeth River. Data are aeans of three a&11ples 
taken October, Hoveaber, Md Oecelllber, 1,e3• 

,.s 

fin Erosion 

tbgchoker ( 1 ) 0.7 

Toadfish (2) 0 

Cataracts 

Spot (3) 0 

Cray Trout(,.) 0.2 

Croaker (S) 3.3 

(1) Trinectes uculatus 
(2) Opsanus tau 
(3) Lelostomus xanthurus 
(4) Cynoscion reoalls 

8.S 

0 

0 

0 

0 

, .,. 

(S) Hlcropongonias undulatus 

• from tl.tggett, et al., 1985 

Kiloaetera froa the Ne>uth 

10.s 12.s 1S.O 17 1, 

0 o.,. 1.,. s.s lf..3 

11.0 s.o 0 11.S 30.1 

0.1 0 3.0 o.8 ,., 
0 0.8 1.0 1.8 3.S 

1.S z.2 4.S 1., 1S.8 
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DELAWARE BAY 

Delaware Bay is a horn shaped, well mixed estuary with no density 
currents and very small or no salt water wedges (Gross, personal 
communication, November, 1985). 

The Delaware River flows into the bay. Four large cities located along 
the tidal Delaware_River Estuary are Trenton, New Jer~ey; Philadelphia, 
Pennsylvania; Camden, New Jersey; and Wilmington, Delaware. The combination 
of these cities forms our nation's fourth largest metropolitan area and is 
the site of the second largest oil-refining petrochemfcal center in the 
nation. Delaware River is one of the most heavily used in the nation for 
recreation. Delaware Bay "serves as a major shipping lane from the Atlantic 
Ocean to port facilities in the Philadelphia-Camden Area" (Delaware River 
Basin Commission staff, 1984). 

Since no major industries feed directly into Delaware Bay, tributaries 
are usually monitored and Delaware Bay information is scarce (Otto, personal 
communication, November, 1985). Otto described priorities for EPA's 
sampling at some area stations in a national water quality monitoring 
program~ They primarily analyzed shellfish, secondly finfish, and in the 
absence of either of those, they analyzed sediments. Otto reported that EPA 
data showed very low levels of contaminants in the fish. 

Water Quality 

The Delaware River Basin Commission (1984) reported that the middle 
portion of the Delaware Estuary in the Philadelphia-Camden area had the 
worst water quality of the entire area they assessed. The parameters they 
assessed included dissolved oxygen, pH, phenols, fecal coliforms, 
alkalinity, chlorides, and sodium. The commission declared that 9% of the 
river miles did not meet designated water uses specified in the water 
quality standards of the commission and of the four states, Delaware, New 
Jersey, New York, and Pennsylvania, through which the Delaware River f 1 ows. 
Using data from water evaluated in 1982 and 1983, the Delaware River Basin 
Commission judged water in the 29 river miles passing through the 
Philadelphia-Camden area not "fishable" or "swimmable" and not of adequate 
quality to support maintenance of resident fish, passage of anadromous fish 
or secondary contact recreation. They considered water quality in the area 
acceptable for public, industrial, and agricultural supply and for 
navigation. 
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Figure 1. Delaware ~ay and lower Delaware River Estuary (Fie~t, 1977). 
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Organic Contaminants in Sediments & Water 

Delaware River Basin Commission (1984) noted that "data for non­
metallic toxic substances in the water column are generally not available." 
They did refer to a May, 1981 Delaware Department of Natural Resources and 
Environmental Control survey in which they found no chlorinated pesticides 
in the water column in the Delaware Estuary or Bay. They reported finding 
neither PCB nor chlorinated pesticides in the repeat survey in April, 1982. 

The commission's 1984 report mentioned only a few incidences of 
sediment sample analyses for organic contaminants in the Delaware River 
Estuary and Bay. The Corps of Engineers tested dredged spoils from the 
navigation channel during 1979-1983. They found low concentrations of 
pes ti ci des and organic compounds there. In 1982 the Delaware Department of 
Natural Resources and Environmental Control took a sediment sample from the 
estuary near the mouth of Delaware Bay. They found no detectable 
concentrations of various pesticides and organic compounds. The Delaware 
River Basin Commission (1984) considered it unfortunate (as we do) that 
"there are very few data taken in sediments in near-shore areas." 

There were a few reports of Delaware Bay sediment analyses for 
hydrocarbons in the 1970's. Hydrocarbon data from analysis of sediments 
from stations from Philadelphia to the bay mouth by Wehmiller and Lethan 
(1975) indicated a contaminated nature of up-river sediments compared to 
lower bay sediments (Mauer, 1979). Fiest (1977) analyzed Delaware Estuary 
bottom sediment grab samples for saturated hydrocarbons. He collected the 
samples from the mouth of Delaware Bay, throughout the Bay, and upriver 
about 150 km from January, 1975 to March, 1976. His study recorded the 
impact on bottom sediments of the Corinthos oil spill on January 31, 1975 
which released approximately two million liters of crude oil into the 
Delaware River at Marcus Hook, Pennsylvania, about 129 km upriver from the 
Bay mouth. He noted type of sediment and presence of new petroleum, drawing 
a picture of the oil being carried downstream in moderately sandy sediments 
with the Spring freshet. Fiest (1979) summarized that "the sediments of the 
upper and middle Estuary recorded the impact of contamination with petroleum 
hydrocarbons following the Corinthos spill, [but] lower Estuary sediments 
showed no noticeable influx over a fourteen month monitoring period" and 
that "petroleum hydrocarbons are preferentially accumulating in areas of 
rapid sediment accumulation, i.e. shoaling areas." He noted that "the 
dynamic nature of estuarine circulation processes makes the determination of 
baseline concentrations of hydrocarbons in bottom sediments a complicated 
procedure." Sediment data from Fiest (1979) show a concentration range for 
total aromatics of O - 1,111,000 ppb with a mean value from all samples in 
which aromatics were detected of 165,000 ppb, and a median value of 75,000 
ppb. 
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Organic Contaminants in Biota 

Delaware River Basin Commission staff (1984) discussed data from 
analysis of fish tissue from the Delaware River. They reported only two 
sources of this data: (1) routine fish tissue sampling begun in 1979 by the 
four Delaware River Basin States as part of EPA's Basic Water Quality 
Monitoring Program (They sampled up to ten locations in the river per year, 
but the data was not all available then.), and (2) a 1983 special study by 
the U .s. Department of Interior, Fish and Wildlife Service which contained 
only limited fish tissue data. Some chlordane values from these sources 
were a concern ( 1980 and 1981 data from Trenton, New Jersey and data from 
the Delaware Estuary), but they reported only small (below action level) 
quantities of other contaminants such as DDT and PCB in fish tissues. They 
found concentrations of most toxics they measured from biota in the lower 
Estuary and upper Delaware Bay even below detectable limits. The Canmission 
made clear, however, that "sufficient data have not been collected from 
which to draw scientifically valid conclusions. 

Butler (1973) reported pesticide residues in tissues of clams~ oysters, 
and mussels from six locations along the Delaware side of the Delaware Bay 
from sampling 1967-1969. He also reported pesticide and PCB residues in 
tissues of oysters from five locations along the New Jersey side of the Bay 
from sampling 1966-1972. Following is a summary of the eastern oyster, 
Crassostrea virginica, maximum residue data, with values shown in ppb, dry 
weight (Stations are listed in geographical order going down river to the 
mouth of the Bay.): 

Delaware Stations 
3 
4 
5 

New Jersey Stations 
5 
4 
3 
2 
1 

DDT 
860 
450 
450 

1,225 
1,390 

625 
715 

1,065 

Dieldrin 
125 

50 

115 
130 

60 
25-50 

60 

PCB 

5 
10 

5 
10 

Butler commented that the "magnitude of DDT residues in Delaware clams and 
oysters showed no trend toward increased or decreased levels during the 3-
year monitoring period. His New Jersey data show a decreasing residue trend 
in 1971 compared to 1968-1969 data. The DDT tissue residues in New Jersey 
oysters was clearly higher than residues in Delaware oysters from the 
opposite shore of the same Delaware Bay. 

201 



Effects: Populations 

0' Conner ( 1986) discussed results of a NOAA project searching for 
correlations between historical records of fishery stock size and 
contaminant inputs. While data was too "sketchy" and methods of extraction 
too imprecise to test for correlation between contaminant input and stock 
sizes, O'Conner summarized some results indicating a negative correlation 
between at least one increasing trend in human population or industrial 
activity over the fifty year period 1928-1978 and stock sizes of blue crabs, 
butterfish, soup, and shad. 

There is evidence from 1982 and 1983 sampling upstream of the tidal 
Delaware.River by the Delaware River Basin Commission (1984) that these 
sediments are not toxic. They found healthy, diverse, macroinvertebrate 
populations there. 

Maurer (1979), after reviewing some of his own earlier studies and 
those of other investigators regarding pollutants and benthic invertebrate 
populations in Delaware Bay, felt there was "little evidence to suggest that 
levels of pesticides and hydrocarbons recorded in lower Delaware Bay have 
any measurable, harmful effects on adult invertebrates." 

Biggs, et al. (1984) studied and reported on the effects of coal 
transfer on the aquatic environment of lower Delaware Bay. They expected no 
measurable degradation to occur in surface waters of the Bay at any likely 
annual transfer by any loading methodology and no measurable degradation in 
bottom waters by use of conveyor/auger systems for coal transfer. 
"Measurable environmental degradation will occur in the bottom waters from 
dust emissions associated with five million tons per year loaded by 
clamshell bucket" (Biggs, et al., 1984). They discussed composition of coal 
including the existence of carcinogenic PAHs and the potential for leaching 
of toxic organics from the coal into the aquatic environment. They 
considered pH and dissolved oxygen concentration the parameters having the 
greatest influence on the leaching of materials into seawater. They 
suggested that coal dust could "capture" natural and anthopogeni c organ! cs 
which would otherwise flow through the estuary into the ocean. The organics 
adherring to the coal dust could then enter the food chain or become 
incorporated into sediments. 

Zoo plankton could be adversely affected by the i nor eased part i cul ate 
load from coal dust particles and that could lead to expanding detrimental 
effects. Mysids comprise a large portion of the bottom-dwelling 
invertebrates in the Delaware Bay and are important along with other 
zooplankton and small benthic invertebrates as food for fish and crabs. The 
larvae and juvenile of weakfish in the Delaware Bay feed primarily on 
copepods and mysids. "Reduction in food resources of these fish would 
adversely affect their populations" (Biggs, et al., 1984). 
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NEW YORK: HUDSON RIVER - RARITAN BAY ESTUARY 

The consolidated metropolitan area associated with New York City is the 
most heavily populated in the United States, at 17,539,344 in 1980, 
according to the 1986 World Almanac. Certainly we would expect high 
production of anthropogenic pollutants to be reflected in high 
concentrations in sediments and biota there, and in adjacent bodies of 
water, unless some very effective controls have been used. We have used 
over fifty sources of information regarding organic contaminants in the New 
York Harbor, Hudson River - Raritan Bay, and New York Bight Apex areas to 
form an image of the type and magnitude of a problem that may exist in this 
aquatic environment. Figures 1 and 2, maps of the area, are included to 
identify sites discussed. 

PAHs in Sediments 

Boehm (1981), Macleod, et al. (1981), O'Conner, et al. (1982), Reid, et 
al. (1982), and Stainken (1984) all reported concentrations of PAHs in 
sediments from locations in the Hudson - Raritan estuaries and in the New 
York Bight. 

Boehm (1981) sampled surface sediments from the New York Bight sewage 
sludge dumpsite in the summer of 1980 and sampled from water column 
stations, and sediments in the Bight and in outer and inner New York Harbor 
in the summer of 1981. He particularly noted differences between·the sewage 
sludge and the dredge spoil sediment composition. He reported total PAH 
concentration in sewage sludge as 47,300 ppb; in the top 4. 5 cm of dredge 
spoil as 1,800 ppb; and in the layer 4. 5 - 9 cm deep of dredge spoil as 
27,000 ppb total PAH. Results of analysis of sediments for concentrations 
of individual PAHs led to the estimate that 85 to 90 percent of the PAH 
found in the sewage sludge samples originated from petroleum sources. 
Dredge spoil samples, on the contrary, were rich in pyrogenic PAHs. 

O'Connor, et al. (1982) reported concentrations of PAHs in sediments of 
various sites in the Hudson - Raritan estuary, in the New York Bight region, 
and in sewage sludge. Sampling was conducted in 1978 and 1979 and 
originally reported in MacLeod, et al. (1981) and in O'Connor, et al. (in 
Press, Environmental Pollution). O'Connor, et al. (1982) said that the 
major source of PAHs to the estuarine/coastal system is the New York 
metropolitan region. PAHs in harbor sediments come from oil spills, sewer 
overflows, municipal wastewater discharges, and atmospheric fallout. A 
summary of their data for mean values of total PAH in sediments follows: 

Hudson - Raritan estuary= 42,700 ppb (dry wt.) 
New York Bight region (range)= 22 - 6,000 ppb (dry wt.) 
Sewage Sludge= 20,400 ppb (dry wt.) 

O'Connor, et al. (1982) said that of the three classes of organic compounds 
they studied - PAHs, PCBs, pesticides - "the PAHs represent the majority of 
organic contaminants discharged into the Bight apex each year." 
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Reid, et al. (1982) observed "PAHs ••• were widely_distributed but 
patchy, ••• with highest concentrations in the inner bight." 

MacLeod, et al. (1981) gave results of analysis of sediments collected 
from sites in various areas in New York Harbor and the New York Bight from 
1977-1980. Following are some of these data for mean concentrations of 
total PAH, shown in ppb (dry wt~): 

Location Date PAH 
Lower Bay Oct. '77 5,442 
Sandy Hook Bay Aug. '77 3,055 
N.Y. Bight Apex Aug. '77 2,640 
N.Y. Bight Apex Oct. '77 3,928 
Mamaroneck River, empties 
into N. Long Is. Sound Aug. '78 8,860 
Hudson River at W. 
Manhattan Is. Oct. '78 1,940 
Shooters Is. Oct. '78 1 2, 71 0 
Hudson River, N. of Yonkers May '80 294 
Upper Bay May '80 2,012 
Ch. N. of Shooters Is. May '80 6,423 
Fresh Kills Reach May '80 1 o, 529 

Stainken (1984) reported the mean value for PAH in his Raritan Bay 
sediment samples as 911 ppb. He sampled in October and November of 1977. 
Stainken's investigation indicated that circulation in the Bay deposited 
PAHs, especially the high molecular weight 3-6 ring ones, which are less 
soluble than others, in sediments along the southern shore of Staten Island. 

Carriker, et al. (1982) stated that concentrations of PAHs in the New 
York estuarine system and Bight were very high in sewage sludge samples 
(1,000,000 ppb) and in estuarine sediments (2,000,000 ppb) and were low in 
outer Bight samples (30 ppb). 

PCBs and Pesticides in Sediments 

Bopp (1979) called the New York Harbor "the largest area of rapid 
sediment deposition in the tidal Hudson." He said that a million tons of 
fine gr~i ned sediment are removed from the harbor each year by maintenance 
dredging. 

Bopp, et al. ( 1981) concluded fran their study of PCBs in sediments of 
the Hudson River that the system had been contaminated during the previous 
three de ca des by discharges f ran two General Electric capacitor pl ants on 
the upper Hudson to an average level of about 10.,000 ppb PCBs in 
contemporary tidal Hudson sediments. They found that the level of 
contamination decreased with distance downstream from these manufacturing 
plants~ Carriker, et al. (1982) also called the capacitor manufacturing 
plants the largest point sources of PCBs to the Bight/estuary region and 
said the PCBs continue to be transported downstream with sediments even 
though the discharges have stopped. 
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Data concerning concentrations of PCBs in sediments from the Hudson 
Raritan Bay, the New York Harbor, upper and lower Bays, and the New York 
Bight Apex as reported by several investigators is shown in Table 1. 

Dieldrin and chlo~dane concentrations reported by Bopp, et al. (1982) 
are shown in Table 1. Pesticides enter the Hudson-Raritan estuary via 
Hudson River transport and municipal wastewater~ Major sources of the 
pesticides are agricultural use in the Hudson/Mohawk and Raritan watersheds, 
agricultural zones of eastern Long Island, and·application of pesticides in 
the metropolitan area for control of cockroaches and other vermin (O'Conner, 
et al. 1982). 

Belton, et al. (Oct., 1985) described a study by the Office of Science 
and Research of the New Jersey Department of Environmental Protection in 
which they discovered the highly toxic synthetic toxin, 2,3,7,8-TCDD, in 
sediments and biota of the Passaic River-Newark Bay system. They found the 
highest level of this dioxin in sediments at a site adjacent to the former 
Diamond Alkali site in Newark, N.J., even though the plant had not been 
operating for twelve years. They also discovered TCCD contaminated 
sediments upstream adjacent to the Givauden Chemical Company. TCCD is a 
chlorinated tricyclic aromatic compound which is an impurity produced when 
certain other chlorinated chemicals such as chlorophenols, widely used as 
pesticides, are manufactured. 

PAHs in Water 

Stainken and Frank (1979) sampled and analyzed bottom water (2-3 feet 
above bottom) from 18 sites in the Lower New York Bay-Raritan Bay Canplex in 
1977. Their analysis identified various PAHs present in water from some 
sites, but most samples had concentrations of PAHs below their detection 
level. A sample from near the Oakwood Sewage Treatment Plant (OKWD) was an 
exception. Concentrations of 1, 2, 3 and 4 ring PAHs were approximately 5-
1 O ppb each in the OKWD samples. "Although relatively high concentrations 
of polynuclear aromatic hydrocarbons are found in sediments and animals, 
very low concentrations occur in the water column" (Stainken and Frank, 
1979)~ 

Boehm ( 1983) reported mean total PAH concentration within the estuary, 
landward of Rockaway Point as 13 parts per trillion ( .013 ppb) and in the 
New York Bight seaward of Rockaway Point as 1.9 parts per trillion (.0019 
ppb) in surface waters and 55 parts per trillion (.055 ppb) in mid and 
bottom waters. 

Stainken (1984) found substantially lower mean values of PAHs in water 
than in sediments and in bivalves of Raritan Bay. He reported a range of 5-
20 parts per trillion in Raritan Bay water samples. 
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Table 1. Me:in valtea fer oontanirmt oonoentraticm in N&1 Ycrk sedimEnts (ppb, cry wt.)~ 

Locatiai 
( depth in an if kn:,wn) Date Com. Caitani nant RefErenoe 
Rcri tan Bay c o...rr) 73-76 200 PCB 1242 BoR) ( 1979) 
Hudson Est~y at Manhattc11 

Islaid (Q-53) 74-r, 4,425 PCB 1242 eow (1979) 
(53-al) 74-r, 7':JJ PC3 121'2 Bopp (1979) 

Htdsai Ri \er' off Ma'lrattan 
Islaid (~) 1975 4,950 PCB 1242 BoR), et al. (1982) 

Hudson Ri VEI" off Manhattcll 
Islmd (~) . 1975 1,~9 PCB 1254 Bow, et al. (1982) 

Hu:!son R i wr off Ma'lhlttan 
Islmd (0-5) 1975 6,~ PCB 1242 Bow~ et al. (1982) 

Hu:lsal River off Ma'lhlttan 
Isl.aid (0-5) 1975 1,950 PCB 1254 Bow, et al. (1982) 

u~ Bay co-2a:>) · 1975 2,543 PC3 121'2 aow, e;, al • c 1982) 
Upper Bay ( 0-28:>) 1975 1,079 PCB 1254 Bopp, et al. (1982) 
UppEr Bay (0-10) 1975 1,63) PCB 121'2 aow, et al. c 1982) 
Upper Bay (0-10) 1975 610 PCB 1254 lb:r.p, et al. (1982) 
Rcritan Bay 1977 110 EPCB Stainkal ( 1 ~) 
Rari tc11 Bay ( 0-12) 1cm 125 PCB 121'2 Boi:p + S1mpscn (19811-85?) 
Rcri tan Bay ( 0-12) 1977 55 PCB 1254 Bopp + S1mpscn (1~-8.5?) 
Raritan Bay 1977 232 l:PCB StainkEn + Rall W3geJ1 ( 1979) 
Satdy Hook Bay 1977 700 l:PCB M3d.,ood, et al. ( 1981 ) 
Lo,~ Bay 1m 75 l:PCB Mad.,ood, et al. (1981) 
N. Y. Bigit Apex 1m 1,035 tp(B Mad.,ood, et al. (1981) 
Sa1dy Hook 1977 72 I:PCB StainkEn + Rallwagen (1979) 
Lcwer Bay 1977 10 l:PCB StainkEn + Rall W:lgel'l ( 1979) 
Staten Is., int.Erticttl 1977 467 !PCB StainkEn + Rallwagen (1979) 
Manaroneck Ri vfr (anptie 

into Laig Is. Srund) 1978 4:J) l:PCB MacLood, et al. (1981) 
Hudson Ri VEr, Manhattat 

Hartxr, credged material 1978 :J)Q EPCB Mrl.ood, et al. ( 1981) 
Sl'ootE!"S Is. dredged material 1978 3,:J)O l:PCB l'kLood, et al. (1981) 
Rari tat Bay ( 0-12) 19&> 488 PCB 121'2 Bopp + S1mpscn ( mp.1blisl'Ed) 
Rari tal Bay ( 0-12) 1980 333 PCB 1254 Bopp + Simpson (unp.tblisrad) 

~ 
Rari tat Bay ( 12) 19&> 100 PCB 121'2 Bopp + Simpscn ( mp.1blislm) 
Raritan Bay ( 12) 1980 179 PCB 1254 Boi:p + Simpson (unp.tblisred) 
Hwson River, N. of YaikErs 1980 62 l:PCB fva:Lood, et al. ( 1981 ) 
UpPE:r'BaY 1980 130 EPCB Mad.,ood, et al. ( 1981) 
Ch. N. of Sh:x)tErS Is. 1980 3,200 l:PCB Mad..e:>d, et al. ( 1981) 
Fresh Kills Reach 1980 2,(X)() l:PCB M':lcLe:>d, et al. ( 1981) 
Hudson River, off Manhattcll 

Islaid ( Q-5) 1975 es cnlcrdane F?opp, et al. ( 1982) 
Hudson Ri VEI", off Manhattai 

Isl.aid (5-50) 1975 137 cnlcrdane lbW, et al. (1982) 
Upper Bay, (0-10) 1975 165 cill.O'dare Bopp, et al~ ( 1982) 
Upper Bay ( 10-2:J)) 1975 178 chlcrdane F?opp, et al. ( 1982) 
Hu:Json Ri VEr' off Manhattai 

Isl.aid (0-5) 1975 17 dielcrin F?opp, et al • (1982) 
Hucmn Ri vfr, off Manhattcll 

Islaid (5-50) 1975 37 dielcrin Bopp, et al. (1982) 
UppEr Bay (0-10) 1975 37 dieldrin Bopp, et al • ( 1 982) 
Upper Bay (10-a>) 1975 51 dielcrin eow, et al. (1982) 
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PC:Ss and Pesticides in Water 

Boehm (1983) remarked that average PCB concentrations in the estuary 
landward of Rockaway Point are much higher than outside the estuary. He 
also noted that PCB levels are higher in bottom waters than in sur-race 
water. 

Bopp and Simpson (unpublished) gave values for total PCBs they measured 
in Hudson River water in 1979 and 1980~ The average of PCB concentrations 
from stations in the lower Hudson below the Tappan Zee Bridge and including 
an East River station was 15 parts per trillion (~015 ppb)~ The range was 
very small, from 14 to 17 parts per trillion. In Hudson River stations 
above the Tappan Zee Bridge but only up to milepost 82 ( ?2 miles north in 
the Hudson from the Battery at the tip of Manhattan Island), concentrations 
were higher, averaging 37 parts per trillion (~037 ppb). 

MacLeod, et al. (1981) detected .01 ppb total PCBs in subsurface water 
from a New York Bight station sampled in 1978. A_ surface microlayer sample 
from the same station contained .2 ppb total PCBs, .003 ppb Dieldrin, and 
.01 ppb Heptachlor. 

Sloan, et al. (1985) reported PCB concentrations from two locations, 
Stillwater and Waterford in the upper Hudson from sampling 1977-1983. These 
data shown below basically indicate progressive decrease in PCB levels 
through time; also levels are slightly higher in water from the more 
northern location of Stillwater: 

1977 
1978 
1979 
1980 
1981 
1982 
1983 

Hudson: at Stillwater 

.69 ug/1 
• 41 " 
i 82 " 
.33 " 
.34 " 
• 24 fl 

• 25 " 

at Waterford 

.37 ug/1 

.34 fl 

~47 fl 

.22 " 

.26 fl 

~ 16 " 
• 15 " 

PAHs in Biota 

O'Conner, et al. (1982) stated that "Contamination of biota with 
pesticides, PCBs, and PAHs is essentially ubiquitous in the system (New York 
Bight), but is at relatively low levels." They noted that PAH 
concentrations in biota of the Bight were highest in blue mussels and 
lobsters and lowest in fishes, and that concentrations were higher in 
hepatopancreas and livers of lobsters and winter flounder than in edible 
flesh. 

Reid, et al. (1982) noticed a slight tendency for total PAH, minus 
phenanthrene, for all species combined to be highest in and near 
Christi aensen Basin (near the New York Bight apex, bet wen sewage sludge and 
dredged material disposal sites). They also ranked species they analyzed 
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according to overall PAH values - highest in rock crabs (almost all 
phenanthrene), lobster next, and red hake next. 

Pancirov and Brown (1977) reported measurements of PAH concentration in 
fish, mo~lusk, and crustacean tissue from a variety of locations in North 
America. Oysters from Long Island Sound and crabs from Raritan Bay had 
higher than 2 ppb, wet wt. (approx~ 10 ppb~ dry wt~). They explained that 
these waters "are exposed to municipal and industrial wastes~" They 
reported about 14 ppb (dry wt~) for total PAHs in their Raritan Bay crabs~ 

Ecological Analysts, Inc~ and SEAMOcean, Inc. ( 1983) observed from 
results in MacLeod, et al~ (1981) that replicate plankton/egg samples at 
their station closest to the S~dy Hook - Rockaway Point transect collected 
on the same date showed up to 1,000 fold variability in PAH concentrations. 

MacLeod, et al. (1981) sampled fish and invertebrates from the New York 
Bight area in 1977-1979 and reported tissue levels of individual PAHs ·for 
some; though they found that most PAHs were not present above detection 
levels. Following are some of the means of detectable concentrations of 
PAHs (shown in ppb, dry wt.) for biota reported by MacLeod: 

Lobster, Raritan Bay, 1978 
methynaphthalene •••••• ~.40 
phenanthrene •••••••• ~ ••• 30 
fluoranthene •••••••••••• 20 
pyrene •••••••••••••••••• 30 

Blue mussel, Staten Island, 1979 
naphthalene •••••••••••••••••• 100 
1-methylphenanthrene •••••• ~ ••• 50 

Blue mussel, Sandy Hook, 1977 
naphthalene ••••••••• ~······50 
phenanthrene ••• ~ ••••••••••• 50 
fluoranthene •••••••••••••• 400 
pyrene~ ••••••••••••••••••• 400 
benz(a)an~hracene ••••• ~ ••• 700 
chrysene •••••••••••••• ~ ••• 300 

Blue mussel, Coney Isl and, 1979 
naphthalene •••••••••••••••••• 40 
1-methylphenanthrene •••••••• 400 

fluoranthene •••••••••• ~······~00 fluoranthene •••••••••••••• 1,000 
pyrene •••••••••••••••••••••••• 50 

Winter flounder, Raritan Bay, 
1977 
naphthalene (in flesh) •••••• ~ .17 
naphthalene (in liver).~ ••••• 270 

pyrene •••••••••••••••••••• 1,000 

Windowpane flounder, Raritan Bay, 
1977 
naphtha! ene ••••••••••••••••••• 23 

Macleod, et al. (1981) reported that PAHs were not found above detection 
levels in mackerel sampled from the New York Bight apex in 1977 or in surf 
clams sampled from Rockaway Beach 1978-79. Stainken's (1984) mean value of 
PAHs in bivalve tissue of the Raritan Bay - Lower New York Bay complex 
sampled in 1977 was 387 ppb. 

PQ3 & Pesticides in Biota 

Stainken (1984) referring to bivalves sampled from the Raritan Bay -
Lower New York Bay complex in 1977 commented that "The tissues at all sites 
generally contained more PCB than did the sediments." Stainken and 
Rollwagen (1979) reported a range of PCB values in bivalves of 12-360 ppb, 
wet wt. (approx. 60 - 1,800 ppb, dry wt.). Their values for PCBs in tissues 
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of oysters, soft and hard clams, are shown in Table 2 along with PCB levels 
in biota reported in other studies of the Raritan Bay - Hudson River Estuary 
and New York Bight apex. 

Ecological A~alysts, Inc. and SEAMJcean, Inc~ (1983) noted that results 
in MacLeod, et al. (1981) showed a high variability for PCB concentration in 
plankton/egg samples from the New York Bight. Duplicate samples from the! r 
site at the Sandy Hook - Rockaway Point transect had both the highest and 
lowest values of PCB concentrations. Variability was in the range of 2-40 
fold. 

In 1975 Skea, et al. (1979) collected fish from a lake in New York and 
placed them in cages in the Hudson River near Fort Edward and Roger·s Island 
for two weeks~ then analyze~ whole f !sh composite samples by species. They 
also analyzed uncaged fish. PCB residues in the four species of caged fish 
were similar, suggesting to them that bioaccumulation of PCBs from water 
"does not differ substantially among species of similar lipid content and 
size." Apparently the quantity of PCBs accumulated is closely related to 
the fat content and weight of fish. The heaviest fish with the highest fat 
content accumulated the largest amount of PCBs per fish. PCB concentrations 
for each of the four species of fish caged and analyzed by Skea, et al. 
( 1979) are shown in Table 2. The uncaged fish (fish before exposure to 
Hudson River water) contained less than 20 ppb Aroclor 1016. 

Sloan, et al. (1985) considered pumpkinseed, Lepomis gibbosus, a fish 
sensitive to PCB environmental contamination and useful for monitoring 
trends in PCB contamination of Hudson River biota. Referring to data from 
pumpkinseed and water analysis they noted a decline in PCB concentrations 
throughout the river in 1980. This decline was probably a response to the 
1977 cessation of major PCB discharges at Fort Edward and Hudson Falls. In 
1983 following a flood there was an increase in mean PCB concentration in 
yearling pumpkinseed in the lower Hudson River, but there were no 
significant changes in PCB concentrations in pumpkinseed collected in the 
upper river. After comparing concentrations among other species and age 
classes of fish through 1983 they found that "increases were not uniform, 
neither was there evidence of continued decline." Given the relatively high 
sediment concentrations along with fish concentration data they concluded 
that "this system has reached a quasi-stable state with respect to PCB 
levels in the biota." An October 9, 1981 press release included in New York 
State DEC (Dec., 1981) report also stated that the decline in PCB levels in 
Hudson River fish following termination of PCB discharges had stabilized. 
It warned that higher spring flows could contaminate the lower Hudson 
fisheries by washing PCB contaminated sediment down river. See Table 2 for 
some of the data from Sloan, et al. (1985)~ 

Belton, et al. (1983) discussed results of investigations of PC~ 
cont ami nation in fish by the New Jersey Department of Environmental 
Protection. The primary type PCB detected during these investigations was 
Aroclor 1254. Most heavily contaminated fish included striped bass and 
bluefish which "are quite important to both the recreational and commercial 
fisheries in New Jersey." American eel, white perch and white catfish also 
showed elevated PCB levels for both the sampling periods 1975-1980 and 1981~ 
1982. Atlantic sturgeon also had high PCB tissue concentrations, bu~ 
sampling size was too small to use results for managerial decisions (Brue~ 
Ruppel, Personal Communication, April 15, 1986). · 
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Table 2a. Hean values for EPCBs in fishes of New York Harbor and surrounding area in ppb, dry wt. 

Organism 

Striped bass 
Spot 
Winter flounder 

60-65 nm 
220-495 nm 

Snapper bluefish, 
•30 cm 

Weakfish, (26 cm) 
Eels 
caged Creek chubsucker 
caged Yellow perch 
caged Pumpkinseed 
caged Brown bullhead 
Striped bass 
American eel 
Bluefish 
Striped bass 

Bluefish 

Winter flounder, with 
fin erosion, muscle 

Winter flounder, without 
fin erosion, muscle 

Winter flounder, with 
fin erosion, muscle 

Winter flounder, with 
fin erosion, liver 

Winter flounder, without 
fin erosion, liver 

Winter flounder, with 
fin erosion, liver 

Location 

Raritan Bay 
Raritan Bay 
Raritan Bay 

Raritan Bay 

Raritan Bay 
Raritan Bay 
tladson near Rogers Is. 
tlJdson near Rogers Is. 
tladson near Rogers Is. 
ttadson near Rogers Is. 
Raritan/Sandy Hook Bays 
Raritan/Sandy Hook Bays 
Raritan/Sandy Hook Bays 
Lower tladson River 
(0-15 miles) 
Lower tlJdson River 
(0-15 miles) 
Sandy Hook/Raritan Bay 

Great Bay, N:J 
(control area) 
N.Y. Bight Apex 

Sandy Hook/Raritan Bay 

Great Bay, N:J 
(control area) 
N.Y. Bight Apex 

Brown bullhead, muscle tlJdson at Stillwater 
Yellow perch, edible flesh tlJdson at Stillwater 
Brown bullhead, edible ttadson at Stillwater 

flesh 
Striped bass, edible 

portion 
Atlantic tomcod 

body tissue 
liver 

Brown bullhead, muscle 
Brown bullhead, muscle 
Pumpkinseed, whole 

Pumpkinseed, whole 
Pumpkinseed, whole 
Striped bass, muscle 
American shad, muscle 
America~ eel, edible 

portion 

Staten Island 

tlJdson River estuary 

ttldson at Stillwater 
ttldson at Stillwater 
Hudson at Stillwater 

Hudson at Newburgh 
Hudson at Newburgh 
Tappan Zee Bridge 
Tappan Zee Bridge 
East River 
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Date 

1975 
1975 
1975 

1975 

1975 
1975 
1975 
1975 
1975 
1975 
75-80 
75-80 
75-80 
75-80 

75-80 

76-77 

76-77 

76-77 

Cone.* 

640-1,820
1

' 
2 

530
2 

370
2 

140
2 

2 
3,0902 

6302 
2, 1933 

11,0003 
9,0003 

12,5003 
16,500 
4,150 
5,750 
4,900 

17,450 

17,200 

365-700
1 

25-700
1 

395-550
1 

1 
76-77 7,000-37,000 

1 
76-77 1,250-12,000 

1 
76-77 10,000-50,000 

1977 
1977 
1977 

1978 

1978 

1979 
1979 
1979 

1979 
1979 
1979 
1979 
1979 

532,500 
60,000 

550,000 

26,950 

850 
187,600 
44,850 
45,700 
99,550 

15,150 
14,950 
34,950 
6,850 

14,225 

Reference 

Pearce, 1979a,b. 
Pearce, 1979a,b. 
Pearce, 1979a,b. 

Pearce, 1979a,b. 

Pearce, 1979a,b. ' 
Pearce, 1979a,b. 
Skea, et al. 1979. 
Skea, et al. 1979. 
Skea, et al. 1979. 
Skea, et al. 1979. 
Belton, et al. 1982. 
Belton, et al. 1982. 
Belton, et al. 1982. 
Belton, et al. 1982. 

Belton, et al. 1982. 

Sherwood 1982. 

Sherwood 1982. 

Sherwood 1982. 

Sherwood 1982. 

Sherwood 1982. 

Sherwood 1982. 

Sloan, et al. 1985. 
Horn+ Skinner 1985. 
Horn+ Skinner 1985. 

NYSOEC (June) 1981. 

Klauda, et al. 1981. 

Sloan, et al. 1985. 
NYSOEC (June) 1981. 
Sloan, et al. 198~. 
NYSOEC (June) 198~. 
Sloan, et al. 1985. 
NYSOEC (June) 1981. 
NYSOEC (june) 1981. 
NYSOEC (June) 1981. 
NYSDEC (June) 1981. 



American eel, edible Upper Bay 1919 18,700 NYSDEC (June) 1981. 
portion 

Brown bullhead, muscle ltldson at Stillwater 1980 61,700 Sloan, et al. 1985. 
NYSDEC (June) 1981. 

Pumpkinseed, whole ltldson at Stillwater 1980 100,600 NYSDEC (June) 1981. 
Pumpkinseed, whole ltldson at Stillwater 1980 108,650 Sloan, et al. 1985. 
Pumpkinseed, whole ltldson at Newburgh 1980 23,150 Sloan, et al. 1985. 

NYSDEC (June) 1981. 
Striped bass Tappan Zee Bridge 1980 38,400 NYSDEC (Dec.) 1981. - Striped bass, muscle Tappan Zee Bridge 1980 29,900 NYSDEC (June) 1981. 
American shad, muscle Tappan Zee Bridge 1980 7,750 NYSDEC (June) 1981. 
American eel, muscle Manhattan (Pier 40) 1980 29,450 NYSDEC (June) 1981. 
Yellow perch, edible flesh Ft. Edward/Thompson Is. 

l 

1980 105,000 Horn+ Skinner 1985. 
Brown bullhead, edible Ft. Edward/Thompson Is. 1980 50,000 Horn+ Skinner 1985. 

flesh 
Yellow perch, edible flesh Hudson at Stillwater 1980 5,000 Horn+ Skinner 1985. 
Brown bullhead, edible ltldson at Stillwater 1980 60,000 Horn+ Skinner 1985. 

flesh 
Ptnpkinseed, whole ll.ldson at Stillwater 1981 68,250 Sloan, et al. 1985. 
Pumpkinseed, whole lt.ldson at Stillwater 1981 71,700 Sloan, et al. 1985. 
Pumpkinseed, whole ll.ldson at Newburgh 1981 11,625 Sloan, et al. 1985. 
Pumpkinseed, whole ltldson at Newburgh 1981 13,900 Sloan, et al. 1985. 
American eel, muscle Tappan Zee Bridge 1981 54,150 NYSDEC (Dec.) 1981. 
Striped bass Tappan Zee Bridge 1981 22,200 NYSDEC (Dec.) 1981. 
klerlcan shad, muscle Tappan Zee Bridge 1981 7,000 NYSOEC (Dec.) 1981. 
Pumpkinseed, whole ltldson at Stillwater 1981 69,100 NYSDEC (June) 1982. 
Pumpkinseed, whole ltldson at Newburgh 1981 12,4654 NYSOEC (June) 1982. 
Striped bass Raritan Bay 1981 19,6504 Belton, et al. 1983. 
American eel Raritan Bay 1981 5,3004 Belton, et al. 1983. 
Bluefish Raritan/Sandy Hook Bays 1981 6,450 Belton, et al. 1983. 
Bluefish Raritan/Sandy Hook Bays 1981 6,413 Ruppel 1983. 
Bluefish ltldson/Upper N.Y. Bay 1981 8,9004 Ruppel 1983. 
Striped bass Lower ltldson River 1981 7,800 Belton, et al. 1983. 

(0-15 miles) 
17,S00

4 American eel. Lower ltldson River 1981 Belton, et al. 1983. 
(0-15 miles) 

Striped bass ltldson River, km 30 ? 60,000 O'Conner, et al. 
1982 In: O'Conner,. 
et al. (in press.)~ 

Winter flounder Raritan Bay ? 350 o•conner, et al. 
1982 In: 0' Conner, .: 
et al. (in press.). 

Pumpkinseed, whole lt&dson at Stillwater 1982 45,183 Sloan, et al. 1985. 
Pumpkinseed, whole ltldson at Stillwater 1982 46,050 Sloan, et al. 1985. 
Brown bullhead, muscle ltldson at Stillwater 1982 48,850 Sloan, et al. 1985. 
Pwnpkinseed, whole ltldson at Newburgh 1982 8,017 Sloan, et al. 1985. 
Pumpkinseed, whole lt&dson at Newburgh 1982 11,100 Sloan, et al. 1985. 
Bluefish Hudson/Upper N.Y. Bay 1982 8,260 Ruppel 1983. 
Bluefish Raritan/Sandy Hook Bays 1982 3,394 Ruppel 1983. 
Bluefish Raritan/Sandy Hook Bays 1982 2,300 Belton, et al. 1983. 
Striped t,ass Lower lt&dson River 1982 15,900 Belton, et al. 198~. 

(0-15 miles) 
American eel Lower Hudson River 1982 24,000 Belton, et al. 198~. 

(0-15 miles) 
Yellow perch, edible flesh Hudson at Stillwater 1982 25,000 Horn + Skinner 1985. 
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Brown bullhead, edible tl!dson at Stillwater 1982 50,000 Horn+ Skinner 1985. 
flesh 

American eel, edible flesh Hudson at Stillwater 1982 150,000 Horn+ Skinner 1985. 
American eel, edible Newark Bay at Belton, et al., 

flesh Shooters Island 82-83 12,425 1985 (Sept.) 
Striped bass, edible Newark Bay at Belton, et al., 

flesh Shooters Island 1983 23,085 1985 (Sept.) 
Pumpkinseed, whole tl!dson at Stillwater 1983 45,450 Sloan, et al. 1985. 
Pumpkin seed, whole tlldson at Stillwater 1983 54,250 Sloan, et al. 1985. 
Brown bullhead, muscle tl!dson at Stillwater 1983 84,000 Sloan, et al. 1985. 
Pumpklnseed, whole tlldson at Newburgh 1983 13,450 Sloan, et al. 1985. 
Pumpkinseed, whole Hudson at Newburgh 1983 12,417 Sloan, et al. 1985. 
Yellow perch, edible flesh Ft. Edward/Thompson Is. 1983 165,000 Horn+ Skinner 1985. 
Brown bullhead, edible Ft. Edward/Thompson Is. 1983 75,000 Horn+ Skinner 1985. 

flesh 
Brown bullhead, edible tl&dson at Stillwater 1983 85,000 Horn + Skinner 1985. 

flesh 
Yellow perch, edible flesh Hudson at Stillwater 1984 25,000 Horn+ Skinner 1985. 
Brown bullhead, edible tl!dson at Stillwater 1984 55,000 Hom+ Skinner 1985. 

flesh 

• Wet wt. converted to Dry wt. via Dry wt.= .20 (Wet wt.); therefore, ppb, Dry wt.= 5 (ppb, Wet 
wt.) 

1. Range shown 
2. No indication of wet/dry weight basis 
3• PC81016 
4. PCB1254 

Fish species, Table 2a: Striped bass ••• ~ saxatilus 
Spot ••• Leostonus xanthurus 
Winter flounder ••• Pseudopleuronectes americanus 
Bluefish ••• Pomatomus saltatrix 
Weakfish ••• Cynoscion regalus 
American eel ••• Anguilla rostrata 
Atlantic tomcod ••• Mlcrogadus tomcod 
Brown bullhead ••• Ictalurus nebulosus 
Punpkinseed ••• Lepomis gibbosus 
American shad ••• ~ sapidissima 
Yellow perch ••• ~ flavescens 
Creek chubsucker ••• Erimyzon oblongus 
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Table 2b. Mean values fortPCBs in invertebrates of New York Harbor and surrounding area in ppb, 
dry wt. 

Organism Location Date Cone. Reference 

Mercenaria mercenaria Raritan Bay 1977 550
1 Stainken + Rollwagen 

405
1 1979. 

Crassostrea virginica Raritan Bay 1977 Stainken + Rollwagen 

4551 
1979. 

!!l!, arenarla Raritan Bay 1977 Stainken + Rollwagen 

5501 
1979. 

Mercenaria mercenaria Sandy Hook 1977 Stainken + Rollwagen 

1,eoo
1 1979. 

Mercenaria mercenaria OKWD outfall in Lower 1977 Stainken + Rollwagen 
Bay 

1,315
1 

1979. 
~ arenaria Staten Is., intertidal 1977 Stainken + Rollwagen 

1979. 
Mytilus edulis Sandy Hook Bay 1977 1,200 Macleod et al. 1982. 
Homarus americanus flesh Raritan Bay 1978 1,350 Macleod et al. 1982. 
Surf clams Rockaway Beach, Long Is. 1978 167 Macleod et al. 1982. 
Mytllus edulls Staten Island 1979 2,500 Macleod et al. 1982. 
Mytllus edulls Coney Island 1979 3,200 Macleod et al. 1982. 
Surf clams Rockaway Beach, Long Is. 1979 150 Macleod et al. 1982. 
Calllnectes sapldus, Tappan Zee Bridge 1979 14,750 NYSOEC 1981. 

whole without shell 
Callinectes sapldus, Tappan Zee Bridge 1979 33,750 NYSOEC 1981. 

hepatopancreas 
1,5001 Homarus americanus Raritan Bay ? O'Conner, et al. 

1982. In: O'Conner, 

1 ,0001 
et al. (in press). 

Mytilus edulis Sandy Hook ? o•conner, et al. 
1982. In: O'Conner, 

2,0001 
et al. (in press). 

Mytllus !!!!!!!!_ Coney Island ? o•conner, et al. 
1982. In: O'Conner, 

soo1 
et al. (in press). 

Mercenaria mercenaria Raritan Bay ? O'Conner, et al. 
1982. In: O'Conner, 
et al. (in press). 

Callinectes sapldus, Newark Bay 
1 

Belton, et al. 
whole 1982 7,9631 1985 (Sept.) 

Homarus americanus Raritan Bay 1984 3,600 Belton, et al. 
1985 (Oct.) 

1. Wet wt. converted to Dry wt. via Dry wt.= .20(Wet wt.); therefore, ppb, Dry wt.= 5(ppb, Wet 
wt.) 

Invertebrate species, Table 2b: Hercenarla mercenaria = hard clam 
Crassostrea virginica = Eastern oyster 
Mya arenaria = soft clam 
Mytilus edulls = blue mussel 
Homarus arnericanus = American lobster 
Callinectes sapidus = blue crab 

216 



Bruce Ruppel, of the Office of Science and Research within New Jersey's 
Department of Environmental Protection (DEP) wrote in a recent but undated 
flier about results of the DEP's PCB survey project. He reported that they 
found detectable levels of PCBs in edible flesh of 75 percent of the finfish 
and 50 percent of the shellfish~ Only 2~4 percent of those finfish and none 
of the shellfish contained levels at or above the Food and Drug 
Administration "action level" for contaminated food of that time. The FDA 
in 1977 proposed a lower PCB tolerance level of 2 ppm (2,000 ppb), then 
adopted that level in 1984. Levels of PCBs in 11.1 percent of the f inf ish 
the DEP surveyed exceeded the proposed level. 

Belton; et al~ (1983) noted that temporal trends in PCB contamination 
varied among fish species. Aroolor 1254 concentrations remained relatively 
constant in American eel and striped bass samples for the three sampling 
periods 1975-80, 1981, and 1982. Concentrations declined steadily in white 
catfish for each period. Levels decreased in white perch in 1981, then 
increased in 1982~ Levels in bluefish were lower in 1982 than in 1975-81. 
They round that the larger bluefish (~60cm.) contained mean IPCB levels 
above the proposed FDA tolerance of 2 ppm (2,000 ppb). Generally results 
indicated elevated PCB levels in all fish collected fran·the Hudson-Raritan 
estuary in both 1981 and 1982~ Ruppel (undated flier) said that "the Hudson 
River still appears to be the most severely contaminated drainage within the 
state's (New Jersey) water." 

Reid, et al. (1982) reported that PCB values in biota were not 
oonsiste~tly related to levels in sediments. The rook crab was an 
exception. The difference between concentrations in the relatively 
contaminated inner New York Bight area and concentrations for rook crabs 
outside this area was statistically significant (p<0.01). Tissue level data 
from windowpane flounder and lobsters appeared to be related to sediment 
levels, but they could not establish definite statistical significance. 
They had only one outer Bight sample for lobsters. They thought one reason 
for the apparent inconsistency in relation of PCB body burdens to 
contamination of sediments might be mobility of the species they sampled. 

Reid, et al. (1982) compared their values for PCB concentrations in 
biota to those of MaLeod et al. ( 1981). Theirs were similar for scallops 
(<40 ppb wet or < 200 ppb based on dry wt.), and equal to or higher than 
those of MaoLeod, et al. ( 1981) for lobster, rook crabs, and windowpane 
flounder. 

Belton, et al. (Oct., 1985) reported concentrations of the highly toxic 
dioxin, TCDD, in ·tissues of finfish and crustaceans from New Jersey 
waterways~ The following are mean concentration data from 1982 - 1984 
samples from Newark Bay that contained detectable TCCD levels: 

Blue crab, 1982 503 parts per trillion 
composite hepatopanoreas 

Striped bass, 
whole fish composite 

1983 

Following are sane Raritan Bay dioxin data: 
Striped bass, (one sample) 1983 
American lobster, 1984 

m~sole and hepatopancreas mixture 
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Table 3a. Mmn pesticioo oonrentratias in fisres of NEW Yerk Hcrtx:r, Hu:ison River, Rcritan Bay, and 
New Y erk Bight Ai:ex, sham in ppb, cry wt·. 

Q-wmisn Lcmticn rate PesticiCB Ccnc~ Reference 

MackErel. fl ESh New Y erk Bight Ai;ex 1 <J77 Diel.min ~ MacLaxi, et al. 1981. 
Mackerel fleh NEW Yerk Bi81t Apex 1'111 DD!' c11d metabolite 222 Mad.,e:,d, et al. 1~1. 
Winter flol.llder s. of MontaLk, 1978 Diel.min 4 MacLaxi, et al. 1981. 

Loog Islc11d 
Winter fla.nder S. of Mmtauk, 1978 rm c11d metaboli tES ® Mad,e:,d, et al. 1~1. 

Loog Islc11d 
Stri i:eci bass Tappan Zee Brl ~ 1~ mr 1,200 NYDEC (Dec~) 1~1. 
st.ri i:ed bass Tappan Zee Brl (8e 1g30 chlO"dane 250 NYrEC (Dec.) 1~1. 
Strii:ed bass Hu:.tsoo River, km 15 ? mor 1, 9.50 0' c.amer, et al. 1 ~2 

In: 0' Conner, et al. 
(in JrEBS). 

Winter fla.nder Rarita'l Bay ? IDDT 45 0' CamEr, et al. 1 ~2 
In: 0' Comer, et al. 
(in press). 

Bltefish Raritan/Sandy Hook 1981 dll.crdane 551 Beltai, et al. 1983. 
Bays 

Bltefish Hulsav'UPJ)E:r N. Y .Bay 1 ~ 1 chlO"dane 1,030 Ruppel 1~3. 
Bltefish Sandy Hook Bay 1981 du.er~ 1,069 Ruppel 1983. 
Bltefish Huison/Upper N. Y ~Bay 1~2 chlerdane 1~ Ruppel 1~3. 
Bltefish Raritan/Sandy HOOi< 1982 dll.O"~ 224 Ruppel 1983. 

Bays 
Bltefish Rcri tan/Sc11dy Hook 1~2 chlO"dane 139 Belton, et al. 1~3. 

Bays 

Table 3b. M8::lll pest! ci CB ooncentrati oos in invertebrate of NEW Y O"k Hcrtx:r, Rcri tan Bay, and NEW 
Ycrk Bight Ai:ex, shewn in ppb, cry wt. 

Orgmisn Lcmti01 rate Pesticioo Ccnc. Reference 

Blue mussel Sandy Hook Bay 1m oor and metabolite 221 MacLaxi, et al. 1981. 
Lotster fieh Rcrita'l Bay 1978 Dielcrin l5 MacLe:>d, et al. 1~1. 
Blue mussel Staten Islam 1979 Dieldr'in 10 MacLaxi, et al. 1981. 
Blie mlBSel, Staten Islatd 19'!9 DDr c11d metaboli tES 340 MacLe:>d, et al. 1~1. 
Blte mlBSel Sc11dy Hook ? IDDr 325 0' CamEr, et al. 1 ~2 

,. In: CJ Comer, et al. 
(in pr'EBS) • 

LotstEr Ra"itan fay ? IDDI' 130 0' CamEr, et al. 1~2 
In: CJ Cooner, et al. 
(in prEBS). 

Blie mussel Ccney Island ? IDDf 160 0' CamEr, et al. 1~2 
In: 0' Comer, et al. 
(in press). 

SJrf clan Rockaway Beach ? 20 0' Came", et al. 1 ~2 
In: CJ Conner, et al. 
(in press)~ 
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O'Conner, et al. (1982) remarked that flesh concentrations of DDT were 
higher in striped bass from the estuary (Hudson and New York Harbor) than in 
fish from the ocean (off Montauk Point) by a factor of between four and ten. 
Table 3 shows mean pesticide concentrations in fish and some invertebrates 
as reported by investigators from 1977 - 1982 sampling. 

Effects: Populations 

Jeffries (1964) studied distribution of estuarine zooplankton species 
in Raritan Bay and in two other areas, Narragansett Bay, Rhode Island, and 
the York River in Virginia in 1957 and 1958~ He noted differences among the 
three areas mostly in timing of seasonal changes, presumably due to their 
climatic differences. He also noted differences in dominance. "Polychaete 
larvae dominated the temporary plankton at both stations in Raritan Bay, 
codominated with larval gastropods in Narragansett Bay, and shared secondary 
overall relative importance with lamellibranch veligers in the York River." 
Jeffries was able to separate local influences on estuarine zooplankton from 
normal climatic variation. Consequently he concluded that in Raritan Bay 
the relative proportion of major taxonomic groups indicated artificial 
complications arising from waste materials. He noted an irregularity 
peculiar to Raritan Bay. The copepod, Acartia tonsa, disappeared during 
summer. It's disappearance paralleled drastic flucuations in phytoplankton 
which respond to nutrients from discharged waste and land runoff with dense, 
persistent spring blooms. 

Pearce ( 1974) called the waters of Raritan Bay a "highly impoverished" 
environment and discussed the "deterioration" of the Hudson River estuary. 
He also noted that benthic invertebrate communities of Lower Bay and of the 
area between Sandy Hook and the Rockaways vary tremendously by virtue of 
variations in sediment type, water depth, salinity, channel dredging, waste 
disposal, etc. 

As example, of the deterioration of the estuary, Pearce (1974) said 
that commercially important species, particularly the American oyster, which 
once were harvested from Raritan Bay, "are no longer present in sufficient 
numbers to warrant commercial activities." He found standing crops, 
diversity, and productivity of benthic invertebrates greatly diminished at 
sampling stations, particularly at the western end of Raritan Bay, compared 
to "the era before man began to impinge upon the waters." He attributed the 
deterioration to physical disturbances and pollutants in Raritan Bay. 

Pearce (1974) considered the significant effect of ocean dumping on 
bottom dwelling invertebrates the important point of his presentation. 
Frequently bottom samples from sludge and dredge spoil beds contained none 
of the normal benthic fauna expected there. When samples from was.te 
disposal sites did contain benthic organisms, the divesity of species was 
often greatly reduced. Pearce hypothesized that several factors including 
toxins in sediments, reducing conditions with associated reduced dissolved 
oxygen, and direct burial of the invertebrates were responsible. 

R is ti ch, et al. ( 1977) reported on results of a 1972 bent hi c survey of 
invertebrate fauna of the SO-mile area of the Hudson River from New York 
Harbor to Poughkeepsie. They observed that salinity "was one of the most 
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important measurable factors controlling species range and community 
boundaries." Lowest number of species was in fresh water. They reported 
the highest number of animals in stations south of the Tappan Zee Bridge 
(mile poin~ 26). The data they presented indicated that the Hudson estuary 
was healthy. High density of organisms and dominance of organisms such as 
Cyathima polita, which are intolerant to pollution and enrichment were signs 
of health. They did, however, f in_d obviously stress~d areas near sewage 
treatment pl~ts, sewage outfalls, and heavy industry, where they collected 
few organisms. 

Results from a study of the Hudson estuary in 1974-1975 reported in 
Weiss, et a1.· (1978) agree with bivalve distributions reported in Ristich, 
et al. (1977) ~ Weiss, et al~ (1978) also studied distributions of 
foraminifera and diatoms and found them clearly salinity related. Their 
des er i pt ions of composite "assemblages" of moll us ks, di at oms and 
foraminifera should be useful to subsequent investigations attempting to 
determine effects of factors other than salinity, such as organic pollution, 
on communities in the Hudson estuary. 

Wolfe, et al. ( 1982) agreed with Pearce's (1974) assessment of the 
Hudson-Raritan estuary. They believed pollutants had degraded the 
environments, causing most severe effects in the western portions of Raritan 
Bay and the New York Bight Apex. Although ecological changes in the New 
York Bight can be documented, they noted the area had been subjected to such 
a wide variety of pollutants for such a long time, they could not 
distinguish which pollutants were responsible for which changes. 

Franz (1982) reported the disappearance of molluscan species from 
Staten Island by the 1920's. Historical accounts of New York's oyster 
industry provided evidence that the major environmental deterioration of New 
York Harbor occurred from 1890-1920. Records showed that "by the 1920' s, DO 
levels over much of the harbor had declined to critical 1 evel s ••. " (Franz, 
1982) ~ He said the number of species remaining in the 1920' s is near the 
present number. Franz compared species richness of mollusks in muddy sand 
assemblages of Raritan Bay with analagous assemblages of other Middle 
Atlantic coastal areas. The comparison indicated an impoverished condi t.ion 
in Raritan Bay. Following are examples of molluscan species richness in a 
few muddy sand habitats reported in Franz (1982): 

Location 
Buzzards Bay 
Long Island Sound 
N.Y. Bight Apex 

. Raritan Bay 

Total 
23 
14 

9 
4 

Reference 
Sanders ( 1960) 
Franz (unpublished, 1972 data) 
Franz (unpublished, 1973 data) 
McGrath (1974) 

Michael (1982) assessed the probable relative importance of petroleum 
hydrocarbons in causing changes in benthic communities of the New York 
Bight: He observed that changes in benthic community patterns in parts· of 
the New· York Bight and in the Hudson River estuary were similar to those 
caused by oil spills in locations where other contaminant levels were very 
low. Although petroleum hydrocarbons include toxic and persistent PAH 
components, Michael considered it most likely imposssible to identify 
individual compounds responsible for changes in the benthic communities, 
just as Wolfe, et al. ( 1982) thought. 
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Reid, et al. ( 1982) identified a small~ highly impacted area just west 
of the sewage sludge dumpsite dominated by pollution tolerant polychaetes 
Capitella sp. and an "enriched" zone surrounding that area. Crustaceans 
were scarce, but density of several polychaetes, a small bivalve and an 
anthrozoan were higher in the enriched zone. They found the lowest number 
of species in the New York Bight at their station in the sewage sludge 
deposition area. (Number of species is generally lower in stressed areas~) 

Stainken~ et al. (1984) reported results of sampling Raritan Bay 
macrobenthos during the four seasons of 1979-80. Seasonal species data 
indicated presence or different species between summer and fall, and between 
spring and summer; but the head of the bay and mid bay consistently 
contained the most species. They also reported a lower density of 
Mercenaria mercenaria than earlier studies, but still judged from their 
macrofaunal survey results that there had not been major changes in the 
quality of the environment in the last six years. 

Stainken (1984) sampled sediments at 14 sites in the Raritan Bay -
Lower New York Bay complex for benthic fauna in June and October - November, 
1977. He examined the relationships of sediment PAH and PCB to species 
diversity in June and to the dominant infauna, polychaetes and mollusks. He 
discovered a correlation of -0.61 with numbers of polychaetes, indicating a 
possible influence from the PAHs and PCBs in the sediments. Correlations 
for the other relationships examined were indistinct; however, Stainken did 
note an apparent trend toward decreasing numbers of species as total organic 
loads (hydrocarbons, PCBs, PAH,) exceeded 300-400 ppm (300,000-400,000 ppb). 
His study revealed "a trend toward decreasing diversity and density or 
richness of fauna as the total sediment hydrocarbons and xenobiotics 
increased" (Stainken, 1984). His results also showed decreasing numbers of 
species with increasing percent silt-clay composition of sedi~ents. He 
considered the sediment characteristics and prevailing local currents the 
dominant influences on distribution and abundance of fauna, but also 
considered sediment xenobiotic loading a modifying factor. 

Effects: Fish Abnormalities 

Chang and Longwell (1984) studied abnormality and mortality in 
planktonic Atlantic mackerel embryos in the New York Bight. They sampled in 
May, 1977 and 1978. Results of multivariate analysis revealed that aromatic 
hydrocarbons and salinity associated with the early development stages of 
the mackerel as primary variables. Chlorinated compounds and temperature 
associated with later development stages of the embryos. "However, in the 
case of temperature and PCBs, the correlation of abnormality, mortality and 
development delay with temperature is weaker than it is with PCB s" ( Chang 
and Longwell, 1984). 

Sinderman, et al. (1982) declared that early life stages (early embryo 
and late larval stages) and gonadal tissues of adult fishes and shellfishes 
are particularly sensitive to pollutants. The organic contaminants of 
particular importance are PCBs, DDT and its metabolites, ~nd petroleum 
hydrocarbons. They were concerned about the potential impact of pollutants 
within New York Bight and adjacent estuarine areas on reproduction in the 
large number of fish species which spawn there. 
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Smith, et al. ( 1979) observed grossly visible abnormalities in livers 
of Atlantic tomcod (Microgadus tomcod) they collected from the Hudson River 
estuary. Histopathological examinations revealed a 25 percent frequency of 
hepatocellular carcinomas in the 1977-78 spawning population. 

Klauda, et al~ (1981) measured PCB residues in liver, gonad, and body 
tissue of adult Atlantic tomcod they collected in January and February, 1978 
from the same spawning populations Smith, et al·. (1979) studied and 
investigated the speculation by Sm! th, et al. ( 1979) that PCBs may play a 
role in the development of hepatomas in tomcod. Klauda, et al. (1981) 
compared PCB levels from four types of 1 i vers - normal, and with each of 
three categories of abnormality. They discerned no association between PCB 
concentration and type of liver abnormality. They learned of evidence, 
however, that tom cod 1 i vers which externally appear normal or "hemorrhagic" 
(one of their three categories of abnormality) may eventually develop 
neoplastic nodules and hepatocellular carcinomas. Thus they suspected 
"normal livers may be rare in the Hudson River population of Atlantic 
tancod." 

Pearce (1979b) described reports from several studies of fish disease 
in Raritan ~ay and the New York Bight Apex. In July-August, 1967, 70 
percent of 1,152 bluefish examined were diseased. Scientists found a 15 
percent prevalence of fin erosion in 451 winter flounder from Raritan Bay in 
March-May, 1973; they found only 2.2% of 480 winter flounder from Great Bay 
in central New Jersey afflicted with fin erosion. 

Murchelano and Ziskowski (1982) presented results of research on the 
prevalence of fin rot disease of New York Bight winter flounder, 
Pseudopleuronectes americanus during the five· year period 1973-1977. They 
found significant differences (P<0.05) in disease prevalence among three 
areas - the Apex, Sandy Hook/Raritan Bays, and the control sites (Great Bay, 
N.J. and offshore waters of the Bight) - in three of the years (1973, 1974, 
1977). "The Apex had the highest prevalence of the disease (7. 4%) for the 
five year period ••• " the year of highest disease prevalence was 1973. 
Following are percents of winter flounder collected having fin rot in 1973 
in each area: 

Apex .~ ••••••••••••••• ~ •••••• 15.0% 
Sandy Hook/Raritan.Bay ··~···~8-.0% 
Control area .••••••••.••••••• 2.1% 

Study results showed that disease prevalence in all areas declined after 
1973 even though the volume of sewage sludge and dredged materials dumped 
into the Bight did not change much during the study period. Murchelano and 
Ziskowski felt that fin rot would not reduce the marketability of the winter 
flounder since the disease does not affect muscle tissue. They considered 
presence of fin rot disease in Bight.winter flounder an indicator of 
environmental stress. 

Results of a study of fin erosion of winter flounder from the New York 
Bight Apex and Sandy Hook/Raritan Bay region and of flatf !shes from Puget 
Sound and southern California reported by Sherwood (1982) suggest that 
exposure of susceptible species to PCB contaminated sediments contributes to 
the development of fin rot. In the study conducted in 1976-1977, they 
compared levels of contaminants in diseased flatfishes with levels in 
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apparently healthy flatfishes fran New York, southern California~ and Puget 
Sound. In all three regions "total PCBs in muscle, liver, and brain tissue 
were higher in fishes with fin erosion from the contaminated areas than in 
apparently unaffected specimens from the control areas." Sherwood (1982) 
reiterated the point from Murchelano and Ziskowski (1982) that fin rot 
disease signals the existence of a degraded environment. Sherwood did not 
consider the fin condition a threat to public health, but she did caution 
that consumption of fishes with eroded fins may be a problem in that they 
are likely to have elevated levels of contaminants, possibly exceeding FDA 
guidelines for total DDT and/ or PCBs. 

Effects: Mollusk and Crustacean Abnormalities 

C. Austin Farley of the NMFS Northeast Fisheries Center in Oxford, 
Maryland gave a presentation on ·october 30, 1985 at the 1985 Interstate 
Seafood Seminar in Ocean City, Maryland entitled "Epizootiology of Presumed 
Infectious Sarcomas in Chesapeake Bay Soft Clams, Mya arenaria." Sarcomas, 
he defined in his presentation, are non-epithelial cancer type lesions. 
Sarcomas, carcinomas (epithelial lesions), and leucemia are all generally 
malignant neoplasms. Farley stated in his presentation, "There doesn't seem 
to be any relationship with pollution and this disease." He defended that 
statement with evidence from Boston Harbor and Raritan Bay where there are 
high levels of benzo(a)pyrene. Farley looked at thousands of mollusks from 
those areas and from other east coast areas and found no sarcomas in them. 
He later. elaborated on research results concerning mollusks in Raritan Bay 
(Farley, Personal Communication, November 1, 1985), reporting results of 
sampling at Ward's Point in Raritan Bay, near Staten Island. Even though 
there is a lot of pollution there, he found no neoplasms in the mollusks. 
When Farley has found mollusks with sarcomas, such as in soft clams from 
Chesapeake Bay, he has not seen a relationship to pollution, though he is 
willing to leave the possibility open. 

Gopalan and Young (1975) collected shrimp samples from stations in the 
New York Bight and from one station in western Long Island Sound from May­
October, 1972 and 1973. They found the incidence of shrimp shell disease as 
high as 30 percent in certain localities in the Bight. They found that 30.8 
percent of the Raritan Bay shrimp, 25 percent of the shrimp fran the New 
York Bight apex, about 9.4 percent of the shrimp from stations in Sandy Hook 
Bay, and only 7. O percent of the shrimp from the long Island Sound station 
were afflicted with shell disease. "Diseased specimens were rarely 
encouuntered in 48 shrimp collected at Beaufort, North Carolina and 200 at 
Woods Hole, Massachusetts, areas without substantive pollution" (Gopalan and 
Young, 1975) •. Although these data suggest a possible relationship between 
pollution and shell disease, results of laboratory experiments by Gopalan 
and Young suggest a bacterial origin and contagious nature for the shell 
disease. An antibiotic medium (artificial sea water with tetracycline 
hydrochloride) greatly inhibited the rate of infection. In natural sea 
water in an aquarium, half of the initially healthy shrimp became infected; 
yei none of the healthy shrimp reared in the artificial medium became 
infected. Also the antibiotic in the artificial sea water appeared to 
retard the progression of the disease in infected shrimp. 
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Young and Pearce (1975) discussed the effect of solid waste disposal in 
the New York bight on lobsters, Homarus americanus~ and crabs, Cancer 
irroratus, inhabiting the vicinity of the dump grounds. The animals they 
collected from the vi ci ni ty of sewage sludge and dredge spoil areas most 
frequently showed pathological conditions such as exoskeleton erosions and 
gill abnormal! ty. Young and Pearce also collected crabs and lobsters from 
clean areas and held equal numbers for six weeks in aquaria containing clean 
sand and in aquaria containing sludge and spoils bottoms. Crustaceans in 
aquaria containing sediments contaminated with sewage sludge and dredge 
spoils all developed similar erosions. Gills or the crustaceans in those 
aquaria became abnormal~ Lobster gills were fouled with granular material 
and filaments had a dark brown coating. Crab gills developed a brown 
coating and distorted cuticle during the six week exposure to contaminated 
sediments. These abnormal conditions did not appear in animals held over 
clean sand~ or in animals collected from clean areas. Disease in these 
crustaceans, Young and Pearce think, may develop in response to low oxygen 
concentrations ·and/or high bacterial concentrations in the contaminated 
sewage sludge and dredge spoil sediments. 

Effects: Sediment Toxicity 

Zi tko and Boehm present "threat ratings" of various organic compounds 
in Chapter 5 of Breteler (1984) which are akin to sediment toxicity data, 
but were apparently not calcula~ed from results of experiments exposing 
biota to New York Harbor sediments. Rather they used toxicity data from 
bioassays establishing toxicity of individual compounds to marine biota and 
information from the literature estimating toxicity of these compounds to 
humans. They multiplied their "toxicity rating" value (using a scale of 0-
5~ with 5 representing highest toxicity) by their sediment concentration 
rating (also using a scale of 0-5) to determine "threat ratings." They 
calculated sediment concentration rating, also called "abundance rating" 
from data in MacLeod, et al. (1981) about the New York Bight including Lower 
New York Bay sediments. Resulting ratings for PCBs, dioxins and some 
pesticides follow: 

Compound Toxicity rating Sed. cone. Threat rating 
Humans / Marine rating Humans/Marine 

Biota Biota 
PCB 1016 + 1242 4 3 4 16 12 
PCB 1254 4 4 5 20 20 
PCB 1260 4 4 4 16 16 
Polychlorinated naphthalenes 4 4 1 4 4 
Chlorinated dibenzodioxins 5 5 1 5 5 

(2, 3, 7, 8 TCDD) 
Heptachlor 4 3 2 8 6 
Heptachlor epoxi de 4 3 3 12 9 
Aldrin 4 4 1 4 4 
DDT and metabolites 3 4 4 12 16 
Chlordane 3 4 4 12 16 
Trans-nonachlor 3 4 4 12 16 
Dieldri n 4 4 3 12 16 
Endr'in 4 5 2 8 10 
Mirex 4 4 1 4 4 
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Kepone 
Toxaphene 
Endosulfan 
2, 4-D 
2, 4, 5-T 

4 
4 
4 
2 
3 

4 
4 
4 
1 
1 

4 
4 
4 
2 
3 

4 
4 
4 
1 
1 

They classified the following halogenated hydrocarbons which received 
a "threat rating" of 10 or above in the category of "major perceived 
threat": 

To humans 

PCB-1016 
PCB-1254 
PCB-1260 
DDT and metabolites 
Chlordane 
Trans-nonachlor 
Dieldrin 
Lindane 
Heptachlor epoxide 

To Aquatic Invertebrates 

PCB-1016 
PCB-1254 
PCB-1260 
DDT and metabolites 
Chlordane 
Trans-nonachlor 
Dieldrin 
Endrin 

Zitko and Boehm cautioned against exclusive use of acute toxicity values 
which may be misleading. As an example they mentioned investigations 
demonstrating the chronic toxicity of PCBs to a wide variety of organisms. 
Primarily these investigations indicated significant decrease in 
reproductive success resulting from prolonged exposure to PCBs. They 
considered acute and chronic toxicity as well as carcinogenicity in 
assigning toxicity ratings to compounds. 

J.M. Neff in Chapter 7 of Breteler (1984) presents "threat ratings" 
for total hydrocarbons, alkanes, and PAHs of the Hudson-Raritan estuary, 
calculated in a manner similar to calculations for "threat ratings" 
described for halogenated hydrocarbons in Chapter 5 by Zitko and Boehm, i.e. 
the product of a "toxicity rating" and an "abundance rating." His "threat 
rating" to aquatic biota for total hydrocarbons was 8-12 placing them in the 
"major perceived threat" category. "Threat rating" of total hydrocarbons to 
humans was 4-8, classifying them a "potential significant threat" for 
humans. Alkanes received a "threat rating" of 2-3 indicating "no perceived 
threat" to either aquatic organisms or humans. Based on rather high 
concentrations of PAHs in sediments and existance of some commercially 
important benthic invertebrates in the Hudson-Raritan estuary along with a 
toxicity rating of 3, based on acute toxicity of low molecular weight PAHs, 
"threat rating" of PAHs to estuarine biota was placed at 9-12, thus 
considered "a major perceived threat" to them. 

"The main threat to human health of PAH is their well-known mammalian 
carcinogenicity. Because carcinogenic PAH occur at relatively high 
concentrations in the estuarine system, including the tissues of exploited 
fish and shellfish species, the human toxicity rating was placed at 4" 
(Br.et el er, 1984). The resulting "threat rating" for PAH in the estuary to 
mclJ+ was 12-16, cons! dered "a major perceived threat." 
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Impacts: History 

Pearce (1979a) gave historical examples of pollution problems. He 
said Raritan Bay was the most heavily polluted of the major embayments of 
the northeasterm United States and that it had been polluted along with 
estuarine portions of the rivers for decades. His examples included a 
problem of coal oil tainted oysters and shad at the time of the Civil War, 
water quality problems necessitating closure of the New York Aquarium in 
1912 and a problem of industrial wastes threatening the existance of 
commercial oysters during World War I. He discussed disease and low 
dissolved oxygen as two causes of decreases in populations. These 
parameters in some cases may be related to organic pollution. Pearce noted 
"accumulations of organic materials ••• can be suspected to have locally 
resulted in reduced DO in Raritan Bay and the contiguous coastal zone~" He 
further directed attention to the double threat of organic matter which 
accumulates in the sediments off the Hudson-Raritan estuary. This matter is 
dredged from shipping channels, then dumped at offshore sites. It affects 
the benthic habitat first during accumulation in harbors and estuaries and 
second when it is dumped in offshore coastal environments. 

Impacts: Fisheries and Human Health 

Hydroscience, Inc. (1978) conducted a project to estimate possible 
effects of remedial action, primarily of various upstream dredging schemes 
for reducing PCB sources in the Hudson, on the Hudson River ecosystem, and 
especially the fishery there. They reported that effects would vary with 
species, location, and age of fish. For example, older fish may retain 
higher body burdens due to their ·1ower excretion rates. They estimated 
extensive upstream reductions of PCB inputs to the estuary might reduce body 
burdens on larger fish by about 30-50 percent; but the levels might still be 
close to the 5,000 ppb FDA action level at the time and above the proposed 
2,000 ppb action level. (That proposed FDA action level for PCBs in fish 
went into effect in 1984). So, the fishery might be in a marginal 
condition. Their analysis indicated that if no action were taken, more than 
a decade might be required before substantial improvement would be noticed 
in PCB concentrations of the fishery especially the striped bass. "Under 
extensive upstream dredging, reduction in fish PCB body burden may result 
after a period of several years to about 1 ess than a decade" (Hydroscience, 
Inc. 1978) ~ 

Larry Skinner from New York State Department of Environmental 
Conservation's Division of Fish an·d Wildlife spoke about policies in New 
York State concerning chemical contaminants in fish (Skinner, October 30, 
1985). Impacts are seen in New York in the form of health advisories, 
fisheries closures, and fisheries regulations. Some closures resulting from 
knowledge of high levels of organic contaminants in fish include the 
following: upper Hudson within a 50 mile reach (PCB), lower Hudson, 
commercial striped bass (dioxin), and marine waters of western Long Island 
and New York Harbor (PCB). Actually fish in the eastern portion of Long 
Island have PCB levels nearly as high as those in the western portion. 
Levels of 3,000 ppb (above the new FDA action level) are found there,. yet 
fi~heries are still open. The decision regarding drawing the line between 
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east and west Long Island was arbitrary and residents of the area are 
confused and some (those that live and 1 i ke to fish on the side in which 
closure is in effect) are angry about it~ 

Bel ton, et al. (Oct~, 1985) reported on a study of dioxin 
contamination of sediments, fish and crustaceans in waterways of New Jersey 
by the Office of Science.and Research within the New Jersey Dept. of 
Environmental Protection. Results of this study led Commissioners of the 
New Jersey Department of Environmental Protection and Heal th in August of 
1984 to order "prohibition on the sale and consumption of all fish •nd 
shellfish taken from the tidal Passaic River." They extended that ban to 
include striped bass and blue crabs taken from Newark Bay and some adjoining 
waterways. They decided information about lobsters was not sufficient to 
make a conclusion about health risks from their consumption. 

Using an EPA method of human cancer risk assessment based on results 
of a study of effects of PCB 1260 on rats along with their own data on 
tissue concentrations of PCB in fish and crabs collected in New Jersey 
water, Bel ton, et al. (Sept., 1985) calculated that lifetime daily 
consumption of 36.8 grams of fish contaminated with 2 ppm (2,000 ppb) PCB 
would result in approximately 450 cancers per 100,000 people. More 
specifically they concluded that "37 persons in a population of 10,000· who 
ate 15. 7 grams of Hudson River or Newark Bay striped bass per day over a 
lifetime might develop some form of liver cancer." This excessive risk, 
over the typical benchmark acceptable risk of one cancer/million people, was 
the basis for New Jersey's regulatory responses of commercial fisheries 
closures for striped bass in affected areas and of issuing warnings to the 
public against consumption of contaminated fish. Belton, et al. (Sept., 
1985) also gave results of a "Fisherman Survey." Fishermen's risk 
perception revealed in survey results were interesting. Only 35 percent 
thought fish in the New York-Newark Bay area were not safe to eat and 31 
percent of those who consumed the fish thought their catch was contaminated, 
but ate it anyway! 

Ruppel (undated flier) discussed adverse health effects of PCBs 
including nervous system disorders, reproductive difficulties, skin rashes, 
swollen joints, gum discoloration, eye discharges and lethargy (symptoms 
that developed in people ingesting PCB contaminated rice oil in Japan in 
1968) and illustrated fish filleting, skinning, and cooking technique 
designed to reduce health risk in fish consumption. He added that the FDA 
recently determined that "the major source of PCB exposure is through food 
ingestion, with fish being the singly most important dietary contributor. 

In Chapter 6 of Breteler (1984) M.S. Conner, C.E. Werme, and K.D. 
Rosenman discussed the public health consequences of organic compounds in 
the Hudson-Raritan estuary. Table 4 containing Tables 27 and 28 of Breteler 
(1984) shows carcinogenicity of PAH, PCB, and certain pesticides, 
concentrations of these contaminants in fish and invertebrates and human 
cancer risk from consumption of winter flounder, windowpane flounder, 
lobster, and mussels from Raritan Bay and striped bass from the Hudson 
River. 
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Table 27. Clrdnogenlc potenc, factar and wet weight eancentratlons of CIDfttaffllnant In lndlYlcbll fish or thelltllh from the ,...._.Raiitan P.stuary • 

Compound 

Chlordane 
DOT and metabolltes 
Oleldrln 
Heuchlorobenz.ene 
Heptachlor 
Llndane 
Nonachlor 
PAHC 
PCB 

Carcinogenic 
potency factor 

I.St 
••• 2 

JO.,o 
l.69 ,.,1 
0.71 ob 

0 .. ,. 
a Data from Macleod et al. (1911). 

Raritan Bay 
winter flounder 

,.o 
1'.0 

0 
0 
0 
0 

,.o 
,.o. 

100 

a.o 
10.0 ,.o 
0 
0 

2.0 ,.o 
a.o 
10 

a.o ,.o 
•.o o., 
0 

1.2 ,.o 
10.0 
ao 

Yet weight c~tr_a~_~) from~ 

. Raritan 8ay 
windowpane flounder 

,.o 
22.0 

0 
0 
0 
0 ,.o 

12.0 

I'° 

,.. 
lJ.I ,.a 
o.• 
0 
0 1., 

1, •• 
7' 

,., 
11.9 ,.2 o., 

0 
o.a 
•• 2 u., 

12, 

Hudtoft RlYer 
striped b&tl 

... 
1,2 
0 
0 
0 
0 

192 
10 

12960 

. .. 
13;2 

0 
0 
0 
0 

192 

' asao 

1,a 
'°' 0 
0. 
0 
0 

••• 0 
3120 

·.Raritan Bay 
lobster 

••• 1.1 
11.2 10.2 
'-' , .. 
OJ .O,J 
o.a 0.1 
0 o. ,.2 ,., 

12.1 "·' 
" 3'7 

2., 1.1 
29.9 20.2 

0 2.2 
1.1 1.1 
0 0.2 
0 0 

•• , 2.2 
11.1 · ,., 

230 220 

1.1 
20.2 2., 
0.9 
0.1 
0.2 2., 
3'.S 

207 

b No experimental ewldence of carclnogenlclty. 
CPAH Included naphthalene, 1-methylnaphthalene, blphenyl. phenanthrene, fluoranthrene, pyrene, chtysene, and benz(a)anthra~. No experimental 

nldence has Dftked -, of thete compounds to cancer. 

Table 2L Wetlme Ira 111 I dsk of etnCIII' Calo-'> hl9 CDnMnll'I U ...-of ............. ar ....... ,_.., 

Raritan lay Raritan lay Hudlon RlYer Rarltlft Bay 
Compound winter Oounder windowpane flounder striped bass · 1obster 

Chlordane 1.2 1.2 1.2 o., o., 0.9 22 22 2, 0.72 0.2' 0.3" 0.1, 0.11 
DDT and metabolites lJ 1.1 7.0 17 10 " 620 110() J90 1.1 1.0 "·" " 16 
Dleldrln 0 11 11 0 11 12 0 0 0 11 .. 0 ,.2 ,., 
Hexachlorobenzene 0 0 ·0.1 0 0.1 0.1 0 0 0 o.o, o.o, 0.11 0.17 0.1, 
Heptachlor 0 0 0 0 0 0 0 0 0 0.2' 0.21 0 0.07 o.o, 
Llndane 0 0.1' o.o, 0 0 0.1 0 0 0 0 0 0 0 0.02 
Nonachlor 0 0 0 0 0 0 0 0 0 0 0 0 0 .oo 
PAH 0 ,: 0 0 0 0 0 0 0 0 0 0 .o 0. .• oo I PCB '° ,2 J2 " JI '1 ,200 "°° 1'00 . ,, 1'0 ,, 19 •• - - - - - - --- - - ---- ---
Addltlve rlsk " 

,, ,2 IJ '2 71 ,,00 '700 1700 ,1 170 120 110 110 I 

Table 4. Tables 27 and 28 (Breteler, 1984). 

) 

Raritan Bay 
mussels 

10., 

"·' 0 
0 
0 
0 ,., 

2,0., u, 

Raritan Bay 
mussels 

1.6 
'2 
0 
0 
0 
0 

0 

" 
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Reid, et al. ( 1982) did not seem as concerned about the impact of 
organic contaminants in their reported area of study, the New York Bight and 
Long Island Sound, on human health as other investigators (Breteler, 1984; 
Belton, et al., Sept., 1985 and Oct., 1985; Skinner, Oct~ 30, 1985) who 
reported on conditions in Newark Bay and the Hudson River - Raritan Bay 
estuary. "Contaminants in demersal biota did not appear to be in 
concentrations sufficient to cause concern for human health; [although] body 
burdens were elevated compared to reported concentrations outside the Bight" 
(Reid, et al., 1982). They added, though, that there is uncertainty about 
ecological effects. 
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NARRAGANSETT BAY 

Narragansett Bay is a relatively large estuary in our smallest state, 
Rhode Island. It is "a temperate, well-mixed, plankton-based estuarine 
ecosystem" (Wakeham, et al~, 1982) and an "area of high recreational and 
commercial activity" (Lopez-Avila and Hites, 1980). The state capital, 
Providence, is located on the Providence River at the head of Narragansett 
Bay. Sewage treatment effluents from outfalls at Fields Point and two other 
locations are a constant source, and oil spills are occasional sources.of 
organi~ contamination of Narragansett Bay (Van Vleet and Quinn, 1978; Quinn, 
1979). Urban runoff is a major source of organ! c pollution (Hoffman~ et 
al., 1983, 1984). According to Hoffman (1985) oil spills were a minor part 
of the total oil pollution budget for Narragansett Bay and its tributaries. 
A map of Narragansett Bay is shown in Figure 1 ~ 

Organic Contaminants in Water and Sediments 

For two summers (1979 and 1980) and two winters (1980 and 1981) 
Wakeham, et al. ( 1982) sampled water from Narragansett Bay, then analyzed 
the samples for volatile organic compounds. They identified fifty seven of 
these major compounds. Benzene and toluene were the dominant aromatic 
hydrocarbons they found. Distribution along the north-south transect in the 
bay indicated that industrial and municipal effluents discharged into the 
head of the bay were the major sources, especially of chlorinated and 
aromatic hydrocarbons. Table 1 shows data for the combined concentrations 
of the PAHs naphthalene, 2-methyl naphthalene, and 1-methyl naphthalene in 
various surface and subsurface water samples from sites in Narragansett Bay. 
The only apparent geographical trend is that highest concentrations came 
from the outfall site. "High concentrations [of aromatic hydrocarbons] in 
the Fields Point outfall area and at Conimicut Point in winter are 
consistent with uses as industrial solvents and subsequent incorporation 
into industrial wastewaters" (Wakeham, et al, 1983) ~ No long term temporal 
trend is obvious from these data, but concentrations tended to be higher in 
winter than in summer. Wakeham, et al. (1983) explained that in summer 
aromatic hydrocarbons are degraded in a few days. 

McGregor (1983) found evidence suggesting that volatilization was the 
main process removing volatile organic compounds from Narragansett :say 
water, followed by "a small but recognizable contribution" by biodegradation 
and an insignificant removal by sedimentation or chemical degradation. 
Results of McGregor's sampling in 1980 and 1981 and analysis of water 
samples disclosed the following major components of the volatile organic 
compounds in Narragansett Bay: benzene, trichloroethylene, toluene, 
tetrachloroethylene, chlorobenzene, ethylbenzene, xylenes, chlorotoluene, C3 
alkyl benzenes. McGregor's data also indicated maximum values for these 
contaminants "were more likely to be found in the winter than in the 
summer." He noted a steep decline in volatile organic compound 
concentrations in the water in the spring of 1981 coinciding with a series 
of strong storms, and suggested that volatilization was responsible. Figure 
2 illustrates seasonal trends in monocyclic aromatic hydrocarbon 
concentrations in various locations in Narragansett Bay and their 
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Figure 1. Narragansett Bay. Rhode Island (Wakeham, et al., 1982). 
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Table 1. Mean concentrations (ng/Liter, or parts per trillion) oft 
naphthalenes (naphthalene, 2-methyl naphthalene, and 1-methyl 
naphthalene) in water samples from Narragansett Bay sites fran 
Providence River to the mouth (Wakeham~ et al., 1982). 

Location Concentration Sampling Date 

~ Fields Point, Om 4 Aug., 1979 
Sabin Point, Om 3 Aug., 1979 
Sabin Point, 4-1 Om 2 Aug~~ 1979 
Conimicut Point, 3-3.sm 2 Aug., 1979 
Conanicut Point, Om 1 Aug~, 1979 - Conanicut Point, 6-8m 1 Aug., 1979 
MERL, Om 1 Aug~, 1979 
MERL, 8-13m 2 Aug~, 1979 

Providence River, Om 32 Feb., 1980 
Providence River~ 4m 53 Feb;, 1980 
Fields Point Outfall 590 Feb., 1980 
Fields Point, Om 70 Feb~, 1980 
Fields Poi n~ , 3-7 • 5m 40 Feb., 1980 
Sabin Point, Om 87 Feb;, 1980 
Sabin Point, 4-1 Om 19 Feb., 1980 
Conimicut Point, Om 82 Feb;, 1980 
Conimicut Point, 3-3.5m 48 Feb., 1980 
Conanicut Point, Om 36 Feb., 1980 
Conanicut Point, 6-8m 17 Feb., 1980 
MERL, Om 20 Feb~~ 1980 
MERL, 8-13m 13 Feb., 1980 

1" 
Providence River, Om 6 July, 1980 
Fields Point Outfall 650 July_, 1980 
Fields Point, 01!) 17 July, 1980 
Fields Poi nt , 3-7 • 5m 4 July, 1980 
Sabin Point, Om 5 July, 1980 
Sabin Point, 4-1 Om 6 July, 1980 
Conimicut Point, Om 8 July, 1980 
Conimicut Point, 3-3.5m 4 July, 1980 
Conanicut Point, Om <3 July, 1980 
Conanicut Point, 6-8m <3 July, 1980 
MERL, Om 1 July, 1980 
MERL, 8-13m <3 July, 1980 

Providence River, Om 13 Feb., 1981 
Fields Point Outfall 1,100 Feb., 1981 
Fields Point, Om 28 Feb., 1981 
Fields Point, 3-7. 5m 48 Feb., 1981 
Sabin Point, Om 29 Feb., 1981 
Sabin Point, 4-1 Om 43 Feb., 1981 
Conimicut Point, Om 64 Feb., 1981 
Conimicut Point, 3-3.sm 14 Feb., 1981 
Conanicut Point, Om 35 Feb., 1981 
Conanicut Point, 6-8m 15 Feb., 1981 
MERL, Om 15 Feb., 1981 
MERL, 8-13m 17 Feb., 1981 
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Figure 2. Total C2 Benzenes from 1 meter depth B20 at Conimicut P~int, Ohio 
Ledge, and North Jamestown in Narragansett Bay (McGregor, 1983). 
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fluctuations during McGregor's sampling period~ It contains McGregor's 
plots of total C2 benzenes from November, 1979 to June, 1981 at Cominicut 
Point, Ohio Ledge, and North Jamestown~ 

Hoffman, et al. (1983) collected urban runoff samples during several 
storm events with different rainfall amounts from storm drains serving 
different land uses in the Narragansett Bay drainage basin, and analyzed 
them for petroleum hydrocarbons. They used those hydrocarbon load data and 
rainfall records to calculate the load for each storm and were able to 
predict an annual input rate of hydrocarbons to receiving waters in terms of 
mass hydocarbon per area for each land use. They predicted an annual input 
of 665 tons of hydrocarbons to Narragansett Bay from urban runoff; urban 
runoff is obviously a major source of hydrocarbons. The highest loads, -445 
tons or 66.8% of the total, came from industrial land. Interstate highway 
land gave -153 tons or 22.9% of the total; commercial and residential land 
combined followed giving -68 tons or 10.2%. 

Hoffman, et al~ (1984) compared urban runoff to other sources of PAHs 
entering Narragansett Bay and determined that urban runoff accounted for 71% 
of t~e total inputs for higher molecular weight PAHs and 36% of the total 
PAHs. "The loads of PAHs ••• in urban runoff were higher at the highway and 
industrial land uses in comparison to the commercial and resident! al areas" 
(Hoffman, et al., 1984). 

Quinn (1979) reported results of a five year study of sources of 
hydrocarbon pollution in Narragansett Bay. "Sewage effluent discharged into 
the Providence River at the head of the bay proved to be the major source of 
such [anthropogenic] hydrocarbons in the water, sediment and hard clams of 
Narragansett Bay" (Quinn, 1979). Values predicted via a hydrodynamic model 
developed by University of Rhode Island investigators and values obtained 
via actual water sample analysis both showed decreasing particulate 
hydr.ocarbon concentration from Providence River to the mouth of Narragansett 
Bay. 

Quinn also reported results of sediment core analysis from stations 
from Providence River to the mouth of the bay. Just as with particulate 
matter, hydrocarbon concentration in surface sediments decreased by a factor 
of 100 from the river to the lower bay. At seventeen of their twenty 
stations anthropogenic hydrocarbons decreased with depth of the core. "At a 
station adjacent to the Fields Point outfall, the anthropogenic hydrocarbons 
in the core were very concentrated in the surface section ••• relatively 
high values were found down to the deepest section of the core (40cm) which 
represented a time period of at least 40 years" (Quinn, 1979). 

Hurtt and Quinn (1979) also reported "a decrease in surface sediment 
hydrocarbons from Providence River to the mouth of the bay and the 
concentrations also decreased with depth in the cores, ••• leveling off at 
20-25 cm." They thought this depth was probably related to increased use of 
petroleum at the end of the 19th century. The data reported in Quinn (1979) 
indicate that the Providence River is the major source of anthropogenic 
hydrocarbons in Narragansett Bay sediments. 
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Lopez-Avila and Hites (1980) investigated contamination of water and 
sediment in the Pawtuxet River, Pawtuxet Cove, the Providence River and the 
Narragansett Bay by wastewater from a small specialty chemicals 
manufacturing plant on the Pawtuxet River. They made several hundred 
quanti tat! ve measurements from field sampling in 1977 and reported summary 
data for eleven organic compounds that occurred throughout the river and bay 
system or were present at relatively high concentrations. They found that 
aqueous co.ncentrations of the various compounds followed rules of simple 
dilution. They also made some generalizations about prediction of 
sedimentary behavior of these industrial organic compounds. They calculated 
the maximum distance which compounds discharged from the plant would reach. 
Using an hypothetical case of (a) a compound concentration of <5000 ppb in 
the wastewater, (b) the detection limit of their analysis, and (c) a maximum 
octanol-water partition coefficient (log P) value of 8 of any discharged 
compound, the maximum distance from the discharge point would still be 
within Narragansett Bay. 

Following is a summary of sediment concentration data for three of the 
eleven compounds reported by Lopez-Avila and Hites (1980) at various 
distances from the plant: 

c1-benzotriazole: Pawtuxet River, near plant ••••••••• 
Pawtuxet River, mid river, (1)km from plant 
Pawtuxet River, near dam, (2)km from plant 
Pawtuxet Cove, (3)km from plant •••••• 
Providence River, (5)km from plant •••• 
Narragansett Bay, (15)km from plant~ ••• 

c10-benzotriazole: Pawtuxet River, near plant ••••••••• 
Pawtuxet River, mid river, (1)km from plant 
Pawtuxet River, near dam, (2)km from plant 
Pawtuxet Cove, (3)km from plant •••••• 
Providence River, (5)km from plant •••• 
Narragansett Bay, (15)km from plant •••• 

chlorobenzotriazole: Pawtuxet River, near plant •••••••• 
Pawtuxet River, mid river, (1)km from plant 
Pawtuxet River, near dam, (2)km from plant 
Pawtuxet Cove, (3)km from plant •••••• 
Providence River, (5)km from plant •••• 
Narragansett Bay, (15)km from plant •••• 

500,000 ppb 
800,000 ppb 

40,000 ppb 
• 200,000 ppb 

10,000 ppb 
not detected 

300,000 ppb 
300,000 ppb 
70,000 ppb 

• 100,000 ppb 
10,000 ppb 

600 ppb 

300,000 ppb 
400,000 ppb 
20,000 ppb 

• 80,000 ppb 
20,000 ppb 

500 ppq 

Wade and Quinn (1979) studied distribution of PCBs and pesticides in 
sediments from mid-Narragansett Bay. They collected core samples at north 
Jamestown (near Conani cut Point) in November, 1976 and April, 1977. 
Concentrations of these synthetic chlorinated compounds decreased with depth 
in the sediment cores, but reached background levels at different depths. 
Also more hydrocarbons were associated with smaller size fraction sediments, 
at least in surface sections. "These trends suggest that over the time 
period covered by these cores the inputs of biogenic materials has remained 
relatively constant, while the input of anthropogenic hydrocarbons has 
increased dramatically during the last 100 yr. This increase is probably 
due· to the expanded use of petroleum over this time period and subsequent 
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chronic inputs to this estuarine environment" (Wade and Quinn, 1979): 
Following are concentrations in ppb, dry wt. of total PCBs, of pp-DDT, and 
of chlordane from various depths of one of Wade and Quinn's Narragansett Bay 
sediment cores: PCBs ppDDT Chlordane 

0-4cm 
4-6cm 
6-8cm 
8-10cm 
1 o-12cm 
12-14cm 

39.2 
8.4 
3.4 
5.7 
1 ~ 9 
0.7 

0~14 
0.05 
0.00 
0~04 
0.00 
0.00 

1 ~ 16 
0.29 
o. 01 
0.00 
o.oo 
0.00 

Organic Contaminants in Biota 

Farrington, et al. (1983) presented an overview from data for PCBs, 
aromatic hydroQarbons, and other contaminants in mollusks collected in the 
U~S. Mussel Watch program in 1976 - 1978 from U.S. east and west coast 
locations. They noted that "similarities in geographical distributions of 
concentrations were present in all 3 years with at least an order of 
magnitude elevation of concentrations of ••• PCBs, and fossil fuel 
hydrocarbons in bivalves sampled near the larger urban areas." Figure 3 
shows temporal fluctuations in PCB and aranatic hydrocarbon concentrations 
in mussels, Mytilus edulis, from Narragansett Bay as reported by Farrington, 
et al. ( 1983) • 

Pruell, et al. (1984) gave results of analysis of hard clams, 
Mercenari a mercenaria, harvested from Narragansett Bay and found in seafood 
stores in May and August, 1979, and of hard clams collected from a 
relatively unpolluted site in lower Narragansett Bay which served as 
controls. Generally levels of total hydrocarbons and of PAHs in clams from 
the lower Narragansett Bay control location were lower than those in the 
clams from seafood stores. They reported a mean concentration value for 
total identified PAHs (phenanthrene, fluoranthene, benz(a)anthracene, 
pyrene, chrysene and triphanylene) in clams fr~ seafood stores as 6. 3±5. O 
ppb, wet weight (approx. 31.5 ppb, dry wt.). They concluded that their 
study illustrated that contaminants discharged to Narragansett Bay may make 
their way into commercial outlets. 

Quinn (1979) discussed results of analysis of hard clams, Mercenaria 
mercenaria, from several areas of Providence River and Narragansett Bay. He 
observed a trend of decreasing concentration of anthropogenic hydrocarbons 
in the clams with increasing distance from the river. He predicted that at 
least a year of depuration would be required to reduce concentrations of 
anthropogenic hydrocarbons accumulated in river clams to levels found in 
clams from the lower bay. 
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Figure 3. Temporal fluctuations of chemical concentrations in Mytilus 
edulis from Narragansett Bayi RI. 1977 and 1978: PCBs and 
hydrocarbons (Farrington, et al., 19 83). 



A 

Effects of Contaminants: Populations 

0' Conner (1986) summarized some results from one recently completed 
NOAA supported study (soon to be published) which sought correlations 
between fishery stock sizes (fr~m historical records) and contaminant inputs 
to coastal and estuarine waters. The summary offered reason to suspect that 
human activities other than fishing have affected stock sizes of fish and 
shellfish. There was also an implication that some factors other than 
dissolved oxygen (DO) and biological oxygen demand (BOD) could have caused a 
response in stock sizes. The summary revealed a few cases of positive 
correlation with human activity in which stock sizs increased following 
dredging. Some stock sizes varied inversely with some measure of 
monotonically increasing human activity or trend over the fifty year period, 
1928-1978, such as human population or industrial activity. In Narragansett 
Bay the summarized results showed such a negative correlation for stock 
sizes of lobsters, striped bass, summer flounder, winter flounder, tautogs, 
and white perch. O'Conner (1986) cautioned, however, that these results "do 
not indicate whether contaminants are ever at fault." Investigators in this 
study were not able to test whether inputs of any particular contaminant 
correlated with stock sizes in Northeast estuaries. 

Saila, et al. (1971) discussed effects of pollution on benthic 
populations in Providence Harbor at the head of Narragansett Bay. They 
named important brackish water species which they would have expected to 
find in an undisturbed environment in the same salinity zone as Providence 
Harbor, but were missing from the harbor~ Considering the absence of these 
- oysters (Crassostrea virginica), polychaetes (Scolecolepides viridis and 
Pygospio elegans), mollusks (Gemma gemma and Hydrobia !_E.), gammarid 
amphipods, and all intertidal bivalves and barnacles - they concluded that 
"the fauna of Providence Harbor is limited not only by low oxygen 
concentrations and low and variable salinity, but also by toxic materials in 
the water and/ or sediment." 
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GREAT LAKES 

The Great Lake basin of North America drains about 300,000 square miles 
of land area and supports a population of 40 million people. Pollution 
problems in the basin gained national attention many years ago with rivers 
that caught fire and cries that Lake Erie is dead. Early pollution control 
efforts in the region focused on controlling oxygen depleting wastes and 
reducing nutrient inputs to control eutrophication. In the late sixties and 
early seventies concerns for the "health" of the Lakes turned to toxic 
chemicals, eg. PCBs, DDT and mercury (Nriagu & Simmons, 1984)~ 

The size and complexity of the Great Lakes precludes a comprehensive 
discussion of the entire region in this report. Instead we will limit our 
analysis to the major problems within the lakes and a limited number of. 
tributary streams where specific problems related to toxic chemicals have 
been identified. 

Closure of fisheries due to contamination by chlorinated hydrocarbons 
are without doubt the major concern in the Great Lakes. In addition to 
these harvesting limitations biological effects on fishes and birds have 
been linked to these contaminants. 

Figure 1 shows 42 areas of concern in the Great Lakes region which have 
been identified by the Great Lakes Water Quality Board of the International 
Joint Commission. In all but 4 of these areas one or more toxic substances 
(organics and/or heavy metals) are implicated as the major problem. 

Organic Contaminants in Sediments 

Chlorinated Hydrocarbons 

Simmons (1984) reviewed the extent of sediment contamination by PCBs in 
the Great Lakes. Figure 2 shows the distribution of PCBs in surface sedi­
ments from the Lakes. The discussion which follows is quoted from the 
review of Simmons ( 1984). "In Lake Superior, the highest PCB levels in 
sediments reported by Frank et al. (1980) were from the Duluth subbasin (8.6 
ng/g), the Marathon basin (6. 4 ng/g), and Thunder Bay (5.7 ng/g). 
Eisenreich et al. (1979) also reported highest concentration in sediments 
from the extreme western end near Duluth-Superior (230 ng/g) and the central 
part of the lake between the Keweenaw Peninsula and Thunder Bay (290 ng/g) ." 

"In Lake Michigan, the most highly contaminated areas reported also 
contain some of the highest PCB levels reported anywhere in the Great Lakes. 
These areas include Waukegan harbor (500,000 µgig) and North Ditch (250,000 
µg/g) ~ tributary to Lake Michigan. Milwaukee Harbor (6. 42 µgig), the Fox 
River Basin (190 ng/g), and southern Lake Michigan (188 ng/g) have also been 
designated as highly contaminated areas (U.S. EPA Region V; Armstrong, 1981; 
Kleinert, 1976)." 

"In Lake Erie, the Western Basin had maximum concentrations of PCB (660 
ng/g), and the Central Basin (330 ng/g) and the Eastern Basin (320 ng/g) had 
low~r values (Frank et al., 1977) ." 
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"In Lake Huron, Frank et al~ ( 1979) indicated that Thunder Bay (Alpena~ 
MI) and Saginaw Bay are the areas where PCB concentration was maximum. 
Burin and Robbins (1977) also reported 3-12 µg/g PCB in Saginaw Bay 
sediments." 

"In Lake Ontario, several areas have been designated as problem areas. 
Frank et al. (1980) reported 260 ng/g as maximum PCB concentration in sedi­
ments from the Bay of Quinte. They also reported greater than 200 ng/g 
values along the southern shore of the lake implicating the Niagara River as 
the major source of PCBs to Lake Ontario. The Genesee and Oswego rivers may 
be important minor sources." 

Frank, et al. (1977) reported on residues of PCBs and other chlorinated 
hydrocarbons in the sediments of Lake St. Clair (1970 and 1974) and in Lake 
Er! e ( 1971). Residues or DDE, TDE and DDT were highest in sediments from 
the Western Basin of Lake Erie, 70 ng/g, while the Central and Eastern 
Basins showed residues of about 25 ng/g. Sediments from Lake St. Clair were 
least contaminated with levels of 6.6 ng/g in 1970 and 2.6 ng/g in 1974. 

Table 1 (from Thomas and Frank, 1983) shows the mean levels of PCBs 
within the various sectors of the Great Lakes. The data for Lake Erie are 
from Frank, et al. (1977). 

Shear (1984) surveyed the levels or Mirex in surface sediments of Lake 
Ontario in 1978. Mirex was first reported in Lake Ontario in 1974 in fishes 
from the Bay of Qu1nte (Kaiser, 1974). In addition to Mirex, ·strachan and 
Edwards ( 1984) reviewed the data on a number or other chlorinated organics 
in Lake Ontario. 

Total DDT in surf ace sediments from Lake Ontario in 1968 averaged 43 
ng/g with a high of 218 ng/g (Frank, et al. 1974). Loading of DDT to the 
lake was estimated at 150 kg/year from atmospheric sources and 120 kg/year 
via the Niagara River. 

Dieldrin and aldrin have also been identified as contaminants of Lake 
Ontario but at much lower concentrations than other chlorinated hydrocarbons 
(Great Lakes Water Quality Board, 1985). 

Rice and Evans (1984) reviewed the data on toxaphene, another 
chlorinated hydrocarbon of concern in the Great Lakes. They found that no 
data were available for concentrations of this pesticide in sediments, with 
only limited information on levels in biota. 

Polychlorinated dioxins and furans have recently been identified as 
trace contaminants in sediments from several areas of the Great Lakes, in­
cluding the Niagara and Tittabawassee Rivers (Great Lakes Water Quality 
Board, 1985). However, information on levels of sediment contamination is 
too limited to draw conclusions at this time. 

Sullivan and Delfino (1982) reviewed information on toxic chemicals in 
Wisconsin's Lower Fox River Basin. The lower Fox River is one of the 
largest rivers draining into Lake Michigan via Green Bay and is the most in­
dustralized in Wisconsin (Edgington, 1984). Control of conventional 
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pollutants has led to a dramatic improvement in the lower reaches of the Fox 
River and in the southern end of Green Bay. However, concern over the 
potential effects of toxic chemicals has arisen from observations of abnor­
malities in fishes and birds from the river and Bay (Fox, 1982, Gilbertson, 
1 982). 

Table 2 and Figure 3 show the concentrations and sampling locations for 
PCB levels in sediments from the Fox River and Lower Green Bay (Sullivan and 
Delfino, 1982) ~ 

Eadie (1984) and Hallett and Brecher (1984) reviewed the information 
concerning the distribution and cycling of PAHs in the Great Lakes. 

Table 3 gives estimates of the atmospheric flux of PAHs into the Great 
Lakes for 7 individual compounds, while Table 4 presents residue data for 
several compounds in Great Lakes surface sediments. Table 5 provides a more 
detailed analysis for Lake Michigan sediments and Figure 4 shows the dis­
tribution of fluoranthene in surface sediments of Lake Michigan. Eadie 
( 1984) observed that "Lake Superior sediment is an order of magnitude lower 
in PAH than the lower lakes, and Lake Michigan sediments are highest in PAH 
concentration." 

Table 6 presents a detailed account of PAHs identified in sediments as 
a function of depth from a station near Toronto in Lake Ontario. 

Organic Contaminants in Biota 

Residues of pesticides, PCBs and polynuclear aromatic hydrocarbons 
reported for the region are presented by lake system. 

Figure 5 shows the residue data for dieldrin, total DDT and Aroclor 
1254 in lake trout from Lake Superior between 1977 and 1982. Figure 6 
presents the residue data for o.rganochlorine contaminants in herring gull 
eggs from two nesting colonies on the lake between 1974 and 1983. 
Variations in residues within years, i.e. among the samples for a given 
year, make judgements concerning trends over time difficult. However, some 
conclusions appear warranted: (1) average residues of total DDT have 
declined over time in both species; (2) dieldrin levels remained constant in 
both species, and (3) PCB levels generally decreased over time. 

Residue data for Lake Michigan are presented in Table 7 and Figures 7, 
8, and 9. Compared to Lake Superior residues of dieldrin, DDT and PCBs are 
almost an order of magnitude higher in Lake Michigan. Figure 7 shows the 
levels of dieldrin, DDT and PCBs in lake trout from 1970 to 1982. Dieldrin 
levels appear to increase from 1970 to 1979 and then decline, while DDT 
residues declined from 20 ppm in 1970 to 5 ppm in 1982. PCB levels 
declined in the late 70s but since 1979 the rate of decline appears to have 
slowed. 

Residue data for bloater chubs are shown in Figure 8. These data are 
much less variable than those for lake trout. Significant declines in both 
total PCBs and DDT are evident. Dieldrin levels on the other hand increased 
from the early 1970s and appear to have stabilized. 



Figure 9 presents the organochlorine data for herring gull eggs from a 
nesting colony in the lake. Significant declines are shown for all residues 
except di el dri n. 

Data for Lake Huron are presented in Tables 8 & 9 and Figure 10. 
Residues of PCBs and DDT in lake trout (Table 8) are much lower than those 
found in Lake Michigans. Levels of PCBs and DDT appear to have peaked in 
1981 and 1982 and declined in 1983~ Residues in rainbow smelt (Table 9) 
remained relatively constant between 1979 and 1983~ Figure 11 shows or­
ganochlori ne levels in herring gull eggs from a colony on Lake Huron, 
significant declines between 1974 and 1983 occurred for all components ex­
cept dieldrin. 

Data for rainbow smelt from Lake Erie are presented in Table 10. 
Residues of DDT and PCBs for this species are similar to those observed in 
Lake Huron. Figure 11 presents organochlorine data for herring gull° eggs 
from Lake Erie. Levels are similar to those found in Lake Huron and 
generally decline with time. 

Organochlorine residues in Lake Ontario f !shes are shown in Table 11, 
12 and 13. Residues of DDT and PCBs show declines between the early 1970s 
and 1980~ 

Table 14 lists the polynuclear aromatic hydrocarbons identified in 
fishes from Lake Ontario and the Detro! t River and Table 15 shows the 1 evels 
of 4 specific compounds for carp and pike. Table 16 presents data for PAHs 
in herring gull "lipids". Hallett and Brecher (1984) concluded that the me­
tabolism of PAHs by fishes accounts for the low levels of these compounds 
observed in fishes and their predators, i.e. herring gulls. 

Residue data from Lower Fox River and Green Bay are presented in Table 
17. PCBs in carp from Little Lake des Morts were extremely high in the mid-
1970s. These elevated levels were caused by a point source (paper mill) and 
the effectiveness of a pollution control program in reducing residues in 
this species is shown in Figure 12. 

Effects of Contaminants on Biota 

Fitchko (1985) recently made assessment of the effects of persistent 
toxic substance on Great I:,akes biota. He concluded in part: (1) that 
"persistent toxic chemicals have apparently had both localized and lakewide 
effects on the heal th of Great Lakes aquatic populations; however, our un­
derstanding of these effects is poor; (2) few studies have been undertaken 
to assess the effects of specific toxic substances on the structure and 
functional responses of Great Lakes biota; (3) and insufficient research has 
been conducted to permit an assessment of human health consequences of ex­
posure to great lakes drinking water and contaminated fish." 

Lake wide effects which appear to have been caused by chlorinated or­
ganic contaminants (DDT and PCBs) have in Lake Michigan caused reproductive 
failure of planted lake trout (Willford, et al. 1981), and in Lake Ontario 
these compounds have been implicated in the reproductive failure of fish 
eating bird colonies in the early 1970s (Weseloh, et al. 1983 and Mineu, et 
al. 1984) ~ 
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Fishing restrictions and/or consumption advisories are in effect for 
the species and areas shown in Figure 13. 

Shear (1984) presented preliminary data implicating the industrial er­
fluents as the most likely cause of epidermal papillomas in white suckers 
along Canadian Great Lakes shoreline (Figure 14). Black (1983) demonstrated 
that PAH contaminated sediments could produce epidermal hyperlasia and pap­
pillomas in brown bullheads. In a field study brown bullheads from eastern 
Lake Erie and the Niagara River where sediments contained high levels of 
PAHs were found to have epidermal neoplasms (Black 1982). Sonstegard (1977) 
also implicated contaminated sediments in causing gonadal tumors in carp and 
goldfish in "polluted" areas of Lake Ontario. 
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Figure 3 
· Sediment Sampling Sites - Fox River and Lower Green Bay 

(Sullivan and Delfino, 1982) 
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Figure 14 

Prevalence(%) of epidermal papilloma on white suckers. 

(Shear, 1984) 
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Table l Mean values and standard deviations for PCB's 
(ng/g) by lake, non-depositional zones (NDZ) and 
depositional basins for the surficial 3 ems of 
sediment in the Great Lakes. 

Lake Superior 

Whole Lake 
Total Basin 
NDZ 
Sectors:-
Duluth 
Apostle 
Chefswet 
Thunder Bay 
Trough 
Isle Royale 
Caribou 
Marathon 
Whitefish 
Keweenaw 

Lake Huron 

Whole Lake 
Total Basin 
NDZ 
Sectors:-
Mackinac 
Manitoulin 
Alpena 
Saginaw 
Port Huron 
Goderich 

Lake St. Clair 

Whole Lake 
1970 

Whole Lake 
1974 

Lake Ontario 

Whole Lake 
Total Basin 
NDZ 
Sectors:-
Niagara 
Mississauga 
Rochester 

Mean S.D. Lake Michigan 

3.3 5.7 Whole Lake 
4.8 s.s Total Basin 
3.9 2.1 NDZ 

Sectors:-
8.6 13.7 Fox 
s.o 2.2 Southern 
3.3 1.3 Milwaukee 
s.1 3.6 Waukegan 
s.s 2.9 Grand Haven 
4.5 2.2 Sarian 
3.7 1.6 Algoma 
6.4 7.3 Traverse 
4.4 3.0 
3.1 1.3 Georgian Ba? 

Whole Lake 
Total Basin 

12.8 10.3 NDZ 
1S.4 12.8 Sectors:-
10.7 7.3 Nottawasaga 

Owen Sound 
17.9 14.9 Trough 
12.2 s.1 Lion's Trough 
8.S 0.7 Cabot 

33.0 38.3 French River 
17.0 S.2 Flowerpot 
18.6 14.0 North Channel 

Lake Erie 

19.1 8.9 Whole Lake 
Total Basio 

9.9 6.3 NDZ 
Sectors:-
Western 
Sandusky 

57.5 56.2 Central 

8S.3 57.0 Eastern 
28.1 34.7 Bay of Quinta 

89.1 68.3 Whole Bay 
77.1 S0.6 
89.4 56.6 

(Thomas and Frank, 1983) 
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Mean s.o. 
9.7 15.7 

17.3 23.9 
6.3 8.1 

73.S 78.9 
17.1 11.1 
29.2 23.1 
19.S 13.2 
17.1 23.1 

7.9 
10.1 10.6 
2.5 

11.2 10.7 
11.1 8.1 
11.2 13.2 

19.6 12.J 

9.1 6.1 
18.0 8.5 
1S.5 3.7 
24.0 24.0 
9.1 2.6 
8.2 4.0 

94.6 113.6 
11s.2 114.8 

64.0 105.1 

251. 7 156.0 
106.9 46.0 

74.1 SS.7 
8S.6 85.2 

50.6 S3.6 



Table 2 

PCB Concentrations in Fox River and Lower Green Bay Sediment' 

PCB Other 
Collection {mg/kg) Compounds* 

Station No. and Location Date {dry weight) (mg/kg) 

I. Menasha Channel 05/23/77 <0.05 
-4\ 2. Directly below Bergstrom 05/23/77 1.4 I 

J. JOO yards below Bergstrom 05/23/77 61.0 DHA - 2.7 
PCP - 0.22 

4. Little Lake Butte des Marts 05/23/77 1.J 
CNWRR Bridge 

5. Little Lake Butte des Marts 11/24/76 5.5 
~ CNWRR Bridge 

6. Little Lake Butte des Morts outlet 05/23/77 21.0 
7. Appleton Yacht Club 11/24/76 8.2 
a. Above lower Appleton Dam 05/23/77 9.0 
9. Below Consolidated 05/23/77 1.2 
10. One mile below Consolidated 06/22/77 J.6 
11. Above Kimberly Dam below Midtec 05/23/77 0.9 

· 12. Above lower Little Chute Dam 05/23/77 5.1 
IJ. Below Thilmany Paper 06/04/77 4.8 
14. Above Rapide Croche Dam 06/04/77 5.8 PCP- 0.22 
15. Above Little Rapids Dam 06/04/77 5.0 PCP - 0.28 
16. Above DePere Dam 06/22/77 0.18 
17. Across from f't. Howard out fall 05/23/77 0.96 
18. Below f't. Howard, CNWRR bridge 05/23/77 18.J 
19. Near mouth of East River 05/24/77 I J.O 
20. Above Green Bay STP near mouth 05/24/77 2.1 
21. Below Green Bay STP outfall 11/24/76 38.0 
22. Green Bay 05/24/77 7.5 

~ 23. Green Bay 05/24/77 7.2 
24. Green Bay 05/24/77 4.7 
25. Green Bay 05/24/77 0.12 
26. Green Bay 05/24/77 1.8 
27. Green Bay 05/24/77 0.46 
28. Green Bay 05/24/77 5.6 

~ 29. Green Bay 05/24/77 <0.05 
JO. Green Bay 05/24/77 11.0 
JI. Green Bay 05/24/77 2.6 
32. Green Bay 05/24/77 <0.05 
JJ. Green Bay 05/24/77 0.02 
34. Green Bay 05/24/77 0.075 

*DHA = Dehydroabietic Acid 
PCP= Pentachlorophenol 

(Sullivan and Delfino, 1982) 
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Table 3 Atmospheric Flux of PAH to the Great Lakes (metric tonnes/yr) 

Lake 

Compound Superior" Michig~m·' Michigan" Huron" Erie" Ontario" 

Phenanthrene 4.8 3.4 2.1 3.S I.S I.I 
Anthracene 4.8 3.4 2.1 3.S I.S I.I 
Fluoranthenc 3.6 
Pyrene 8.3 5.9 4.0 6.1 2.6 1.9 
Benzo(a)anthracene 4.1 2.9 3.3 3.0 I.S I.I 
Benzo(a)pyrcnc 7.9 S.6 4.0 S.8 2.S 1.8 
Perylenc 4.8 3.3 2.1 3.4 I.S I.I 

" Eiscnrcich ct al.. 1981. (Eadie, 1984) 
"Andren and StrJnd. 1981. 

Table 4 Lake Michigan Sediment PAH (ng/g dry) 

Station Phen Fl Py C+T BaP 

Tl 28 34 30 36 33 
T2 809 906 733 450 
T3" 1268 1664 1430 1128 944 
T4 308 44S 363 319 251 
TS S31 794 66S 522 248 
T6 19 .• • 62 38 41 26 
T7 298 620 421 SS4 sn 
T8 245 419 319 348 571 
TII 263 413 318 543 324 

• Coefficients of variation (%) for replicate analyses of replicate extrdCts from station T3 are: 
phen .• 27.6; A .• 13.0; Py •• 11.6: C + T. 19.4; BaP. 18.S. (Eadie, 1984) 

Table S Concentration or PAH in Great Lakes Surficial Sediments (ng/g 
dry) 

Compound Superior' 

Phcnanthrene 34 
Fluorc1nthene 88 
Pyrene SJ. 
BaP 28 
n I 

"Gschwend and Hites. 1981. 
"Eadie. 1983: depositional basins. 
• Eadie ct al .. 1982. 
J IJC. 1977. 

Michigan" 

S33 :t 382 
7.54 ± 444 
(IJ1 ± 399 
480 ± 246 

9 

268 

Luke 

Huron Eric•· Ontario'' 

272 346 :t 92 58.S 
487 569 :t 442 615 ± 394 
356 391 :t 91 647 ± .594 
294 255 : 1.52 

I 3 2-4 I 

(Eadie, 1984) 
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Table 6 Abundances of Polycyclic Aromatics in Lake Ontario 
Sediment (I .. AT. 43°39', LONG. 78°12') filg Dry Sediment" 

0-5 I0-15 20-2S 30-35 55-60 70-7S 
Aromatic cm cm cm cm cm cm 

Biphcnyl 0.014 0.007 (),009 0.004 0.004 0.004 
T c:tr.ihydropyrenc 0.056 0.029 
Auorc1nthcne 0.281 0.058 
Pyrene 0.056 0.029 
I .?-Benzanthrc1cene 
Chrysene 0.225 0.088 0.052 
Triphenylcne 
Dimethyl chrysene 0.112 0.018 
2.3-BenzoRuoranthene 0.450 0.029 0.017 0.017 0.020 0.009 
Methyl benzofluoranthene 0.056 
Benzpyrene~ 0.337 0.017 0.034 0.010 0.009 
Perylene 0.056 0.029 0.017 0.034 0.30 0.046 
Methyl benzpyrene O.OS6 
Methyl perylene 0.112 0.010 0.027 
20-Methyl cholanthrene 0.337 0.018 
Benzperylene 0.225 
Coronene 0.562 

Total aromatics 2.935 0.:?69 0.11:? 0.089 0.084 0.131 

"UC. 1976. 

(Strachan and Edwards, 1984) 

Table 7 

Rc.lcs el PCB Aulp& mi. 1'71 .. 1911 ill Snta S,CC.. ol f'ldl fnim Lelic MkWpa. PCB Md ptt'ftlll tac - ~ ~ flleC ~ 

Lake Trocit9 Chinook Salmon Coho Salmon Walleye 

Year .. .. PCs• ft f PCB n f PCB n 

1971 29 2J.2 16.7 
1972 10 21.4 22.4 
197) 
1974 JO 24.S IS.2 IS.9 I 3l.l 2.) 11.7 Ill 23.S J.4 S.J 
197S S4 21.9 10.J 8.5 l 20.1 S.B 4.1 
1976 26 2U 11.7 9.4 7 JO.II 2.0 7.4 4 14.6 
1977 J 13.7 4.) 1.2 II 17.7 
1978 JO U.7 ll.J 7.11 l4 JCl.9 4.1 1.9 s 21.9 S.J 6.1 
1979 J 2).9 16.) I.S 10 )3.2 u 6.1 10 21.6 ).4 l.1 
1980 1 21.4 13.8 2.6 21 JS.4 J.S 4.4 10 23.S ).II 1.7 I IS.9 
IMI JO 30.7 4 • .5 3.8 I 26.0 4.1 1.6 7 21.J 
Tocal 192 97 ~ 20 

• ft • i,umbcr ol umpks; I • ave. lcnalh in inches: r • ave. e,t ra1: l'Cil • ave. PCil in fflll'kl tppmJ. 
6 PCB and pc~enl fat wc,c determined rrum fillet portion,. 

f 

0.9 
l.4 

9.0 
S.2 

Lake Whicefish 

PCB ft r 

Ill 19.7 16.9 
0.6 J IS.9 J.l 
1.4 JI 19.7 1).4 

IS 19.9 11.l 
II 111.2 ll.9 

I.I 
J.4 

711 

(St. Amant, et al., 1984) 
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Chub 

PCB n r 

11.6 
4.4 2 9.0 
l.O 10.6 
).6 26 17.6 
).4 s 10.l l~.CJ 
1.7 I) 11.l 16.6 

46 

Alcwire 

PCB Q r PCB 

2.J 
7.0 4.1 4.7 

).II 7.(1 ).0 l.4 
l.1 4 6.1 S.J l.4 
1.2 

7 
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I\) 
-.l 
0 

Number 

Weight (g) 

% Lipid 

PCB 

ODE 

J:OOT 

Mercury 

Arsenic 

Selenium 

TABLE 8 

MEAN CONTAMINANT CONCENTRATIONS (mg/kg WET WEIGHT t S.E.) IN 
WHOLE FISH SAMPLES OF LAKE HURON LAKE TROUT, 1979-19831 

1979b 1990b 1980C 1981 1982" 

47 50 47 50 79 

714.8 905.3 742.3 1,949.4 2,042.5 
(70.6) (62.8) (106.7) ( 61 • 2) (101.1) 

8. 77 10.35 10.33 18.05 15.70 
(0.58) (0.58) (0.63) (0.47) (0.51) 

0.78 0.42 0.92 2.26 2.44 
(0.08) (0.03) (0.08) (0.13) (0.17) 

0.15 0.22 0.34 0.60 0.48 
(0.02) (0.01) (0.03) (0.03) .. (0.73) 

0.20 0.25 0.49 1.06 0.73 
(0.02) (0.01) (0.04) (0.05) (0.04) 

0.16 o. 18 0. 14 0.24 0. 19 
(0.01) (0.01) (0.01) ·(0.01) (0.01) 

0.15 · o. 18 0.27 0.43 0.43 
(0.01) .(0.01) (0.02) (0.02) (0.02) 

0.70 0.75 0.81 0.48 0.62 
(0.02) (0.01) (0.01) (0.02) (0.01) 

aoata from the Canada Department of .Fisheries and Oceans 
bsplake. 
csplake-Backcross. 

(Great Lakes Water Quality Board, 1985) 

'} 

1983 1993b 

50 49 

1,454.9 913.5 
( 68. 7) (105.3) 

13.58 8.98 
(0.48) (0.74) 

1.24 0.53 
(0.06) (0.03) 

0.39 0. 19 
(0.02) (0.02) 

0.68 0.26 
(0.04) (0.02) 

- -

- -

- -



TABLE 9 

MEAN CONlAMINANT CONCENTRATIONS (mg/kg WET WEIGHT t S.E.) IN 
WHOLE FISH SAMPLES Of LAKE HURON RAINBOW SMELT, 1979-1983a,b 

1979 1980 1981 

Number 12 36 36 

Weight (g) 26.33 20.68 27.69 
(1.72) ( 1. 51) (1.85) 

S lipid 4.24 3.46 4.30 
(0.16) ~0.14) (0.14) 

PCB 0.19 0.11 0.13 
(0.02) (O.OJ) (0.01) 

pp'ODE -o.os 0.05 0.07 
(0.01) (0.01) (0.01) 

!DOT 0.07 0.07 0.10 
(0.02) (0.01) (0.01) 

Mercury 0.06 0.07 0.06 
(0.01) (0.01) (0.00) 

Arsenic 0.27 0.26 0.31 
(0.02) (0.01) (0.01) 

Selenium 0.64 0.69 0.68 
(0.01) (0.02) (0.02) 

aoata from the Canada Department of Fisheries and Oceans 
bEach sample represents a composite of five fish. 

1982 

24 

27.16 
(2.53) 

5.17 
(0.25) 

0.29 
(0.02) 

0.08 
(0.01) 

0.12 
(0.01) 

0.05 
(0.00) 

0.36 
(0.02) 

0.54 
(0.01) 

(Great Lakes Water Quality Board, 1985) 
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1983 

24 

23.44 
(1.67) 

3.99 
(0.10) 

0.18 
(0.01) 

0.07 
(0.01) 

0.10 
(0.01) 

-

-

-
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TABLElO 

MEAN CONTAMINANT CONCENTRATIONS (mg/kg WET WEIGHT t S.E.) IN 
WHOLE FISH SAMPLES OF LAKE ERIE RAINBOW SMELT, 1977-1983a 

-· 
YEAR Nb WEIGHT % LIPID PCB pp'DDE tDDT 

~ 

1977 78 18.45 2.74 0.18 0.04 0.06 
(1.69) (0 .10) (0.01) (0.00) (0.00) 

1978 44 30.24 4.45 0.27 0.04 0.06 
(1.90) (0.18) (0.03) (0.00) (0.01) 

1979 35 32.38 4.65 0.38 0.05 0.10 
(3.15) (0.25) (0.04) (0.00) (0.01) 

1980 42 25.56 3.48 0.26 0.06 0.12 
( 2. 10) (0.11) (0.02) (0.00) (0.01) 

1981 36 31. 55 4.76 0.23 0~03 0.06 
(2.85) (0.22) (0.02) (0.00) (0.00) 

1982 34 29.78 5.17 0.30 0.03 0.07 
(2.05) (0.18) (0.01) (0.00) (0.01) 

1983 29 21.44 3.84 0.32 0.02 0.04 
( 2. 31) (0.22) (0.03) (0.00) (0.00) 

aoata from the Canada Department of Fisheries and Oceans (15). 
b£ach sample consists of a composite of five fish. 
C>SOX of results below detection limit. 

Hg 

0.05 
(0.00) 

0.05 
(0.00) 

0.04 
(0.00) 

C 

0.04 
(0.00) 

0.03 
(0.00) 

-

(Great Lakes Water Quality Board, 1985) 

Pb 

C 

C 

C 

0.21 
(0.03) 

C 

C 

-

As Se 

- 0.29 
(0.01) 

0.15 0.36 
(0.01) (0.01) 

0.23 0.31 
(0.01) (0.01) 

0.16 0.37 
(0.01) (0.01) 

0.23 0.35 
(0.01) (0.01) 

0.26 0.35 
(0.01) (0.01) 

- -



Table 11 Levels or Selected Organic 
Compounds (pg/g) in Whole Fish from Lake 
Ontario, 1975-1981 (Shear 2 1984) 

Organic Compound 

Year IDDT PCB Dieldrin Mircx 
~ 

Lake Trm,t 
1977 2.66 4.95 0.04 0.27 
1978 1.16 7.10 0.18 0.21 
1979 1.58 3.79 0.20 0.23 
1980 0.62 4.79 0.10 0.18 
1981 1.39 2.82 0.15 O.IS 

Coho Salmon 
19n 1.43 3.03 0.07 0.16 
1978 . 0.64 3.00 0.10 0.08 
1979 0.81 1.21 0.10 0.05 
1980 0.74 2.30 0.07 0.10 

Smelt 
19n 0.60 I.SO 0.02 0.11 
1978 0.44 1.82 0.05 0.06 
1979 0.39 0.80 0.04 0.06 
1980 0.25 1.12 0.04 0.08 

Spottail Shiners 
1975 0.24 0.69 
1976 
1977 0.16 0.65 0.013 
1978 0.099 0.32 0.029 
1979 0.026 O.IS 0.001 
1980 0.041 0.27 0.011 
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Table l2 DDT Residues (l'g/g) in Selected Lake Ontario Biota 

Sample 
Lake Trout Smelt 

Year DEC" DFO DEC DFO EPA 

1972 I.Be 
1973 I.Se 
1974 7.7eh 0.4e 
1975 I.le 1.4w 
1976 0.91e 0.2Se 
1977 2.3e 0.6e 

2.7w 0.6w 
1978 1.Jw 0.44w 
1979 1.6w 0.39w 
1980 0.62w 0.2Sw 

(Strachan and Edwards, 1984) 
Spouail 

Coho Salmon Shiner 

OME DEC DFO . OME 

0.9e 
l.7e 

0.93e 0.17w 
0.93e 0.69f 0.28w 

1.4w l.6e 0.21w 

0.64w 0.18w 
0.81w 0.06w 
0.74w O.OSw 

Herring 
Gull Eggs 

cws 

34 

23 
2:? 
18 

7.7 

"CWS = Canadian Wildlife Service (Canada): DEC = Department of Environmental Conservation (New York Saale): DFO = Depunmena of Fisheries 
and Oceans (Canada>: EPA = Environmental Proaeclion Agency (United Stales): OME = Onljrio Ministry of the Environment (Province of Ontario). 

• e = edible portion: f = fillet: w = whole fish. 
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~.Table 13 PCB Residues (p.g/g) In Selected Lake Ontario Biota (Strachan and Edwards 2 1984) . 
Spottail Herring 

Lake Trout Smelt Coho Salmon Shiner Gull Eggs 
Sample 
Year DEC" DFO OME DEC DFO OME DEC DFO OME OME cws 

1970 2.2f 7.9 
1971 6.7 
1972 S.Oe 4.7 4.le 204 
1973 7.le 6.7e 
1974 7.7 l.7e 6.3 155 
197S 9.4 2.lf 8.4 0.69w u~ 

ro 1976 7.1 l.2e 2.6 6.1 3.7e I l.6f l.lw 138 -:a 
V1 1977 S.Ow 4.9 l.4e I.Sw 3.:?e 3.0w I.SW 104 

I.SW 3.0w 
1978 7.lw 6.1 1.8w 1.6 3.0w l.lw 61 
1979 3.8w 3.8 0.8w 0.1S l.:?w :?.8w 0.46w 
1980 4.8w l.lw 2.Jw 0.31w 41 

"CWS ID Canadian Wildlife Service (Canada): DEC a Department of Environmentul Conservation (New York State): DFO • Department of Fishc:ries 
and Oceans (Canada): OME • Ontario Ministry of the Environment I Province or Ontaril). 
,. e a edible portion: f ID fillet: w a whole fish. 
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Table 14 Polynuclear Aromatic Hydrocarbons Identified by Mass 
Spectrometry In Great Lakes Fish"·" ( Hallett and Brecher, 1984) 

PAH 

Naphthalene 
2-mcthyl Naphthalene 
I-methyl Naphthalene 
Biphcnyl 
Accnaphthcne 
Dimethyl naphthalene 
Fluorenc 
Anthr.scene 
Phenanthrcne 
I-phenyl Naphthalene 
I-methyl Phcnanthrene 
I-methyl Anthracene 
2-mcthyl Anthracene 
2-mcthyl Phcnanthrcne 
9-methyl Anthraccne 
Fluoranthrcnc 
Pyrcne 
1.2-bcnzoOuorene 
2.3-bcnzofluorene 
Chrysene 
Benzo(a)pyrcne 
Perylene 
Dibcnz(a.h)anthracenc 
Coronene 

., Hallett et al •• 1978. 
,. X • detected. 

Hamilton Harbour 

Carp 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 
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Pike 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X • 

X 
X 
X 
X 
X 
X 
X 
X 
X 

Detroit River 

Carp Pike 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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All\ Table 15 Polynuclear Aromatic Hydrocarbons (ng/kg) Fresh Weight 
fcillet' (Hallett and Brecher, 1984) 
Fiih Pcrylene Bcnzo(kJfiuoranthcnc Bcnzo(aJpyrene Coronenc 

Humiltun HurlN111r - Carp 
I 46 8 108 300 
2 I.CO 40 160 360 
3 26 12 96 210 .. 160 40 200 .-00 
s .-0 :I 16 108 220 
6 74 12 160 60 

~ 7 ~ 8 144 300 
8 142 68 268 320 
9 net nd nd 20 

Pike 
I 90 48 1St 240 
2 64 32 128 200 

~ 
3 40 12 70 200 
4 32 10 S4 220 
s 58 20 74 200 
6 40 12 64 170 
7 34 8 60 152 
8 40 12 S4 140 
9 nd nd nd nd 

~ 10 20 12 34 100 

Detroit Rfrer 
Carp 

I 16 10 40 80 
2 nd nd nd 60 
3 40 14 40 nd 

~ 4 26 10 40 ·«) 

s nd nd nd nd 
6 nd nd nd nd 
7 nd nd nd 120 
8 nd nd nd 80 
9 nd nd nd nd I .._ 10 nd nd nd . nd 

Pike 
I 34 26 40 20 
2 20 14 14 «) 

3 18 8 34 40 
4 20 8 20 44 
s 68 26 128 290 - 6 18 10 24 40 
7 20 6 30 30 
8 nd nd nd nd 
9 46 24 70 120 

10 S2 26 100 120 

• Hallett ct al •• 1978. - ,. nd - noadctectablc. 

,8' 
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Table 16 Identification or Polynuclear Aromatk Hydrocarbons In Great 
Lakes Herring Gull Upld"·" (Hallett and Brecher, 1984) 

Concentr.,tion C11s/ks, 
MaKS s~~tr.&I 

Compounds Pigeon Island King.._ton Conlirm.ation 

Naphthalene 0.050 0.0~ + 
~ 

?-methyl Naphthalene 0.036 o.oos + 
I-methyl Naphthalene 0.043 0.009 + 
Biphenyl O.ISI 0.017 + 
Acenaphthene 0.038 0.007 + 
4-methyl Biphcnyl 0.061 0.010 + 
Fluorcnc 0.044 0.003 + 
Anthracenc 0.152 0.024 + 
Phcnanthrcne nd 0.002 + 
I-phenyl Naphthalene 0.008 0.008 
2-methyl Phcnanthrcnc 0.021 0.007 + 
I-methyl Phcnant)lrcne 0.010 O.OIS + 
9-mcthyl Anthracenc 0.011 0.025 + 
3.6-dimcthyl Phcnanthrcne nd 0.012 + 

~. 
Fluoranthrcne 0.082 0.017 + 
Pyrcne 0.076 O.OIS + 
1-aza Pyrcne a a 
9-acetylanthraccnc a a 
DDE -. + 
1.2-benzofluorcne a a + 
2.3-benzofluorcnc a a + 
I-methyl Pyrcnc a a + 
2-acetyl Phcnanthrcne a a 
1.1-binaphthyl ·a a 
Chrysene 0.0~3 a + 
Bcnz(e)pyrcne 0.026 0.021 + 
BcnZ(a)pyrcne 0.0)8 0.030 + 
Pcrylcne O.OS3 0.0:?6 
9-dichloromethylcne Fluorcne b b +b 
Dimethyl biphenyl b b +b 

• Hallett et at •• 1m. 
• a • PCB interference: b • Standards of compounds unavailable. compounds identified by 
mass spectra; nd • not detected. 
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Table 17 

Lower Fox River and Lower Gre~n Bay Fish Contaminant Data 

Other 
Length Pee·· Chloro-organics 

Sample Location Date Species Quantity Form (mm) o/o Fat (mg/kg) or metals (mg/kg)_ .... ~ 

Little Lake Butte 2/76 Yellow Perch 05 F 133 0.4 0.8 
Des Morts 05 F 152 0.2 0.6 

05 F 152 0.4 0.8 
05 F 203 0.2 0.9 

6/76 Carp 03 F 508 7.9 26.0 
02 F 279 5.9 12.0 
03 F 391 6.7 24.0 
03 F 615 · 15.9 39.0 

8/76 Brown BuUhead 04 F 257 5.9 5.2 ~ 

04 F 213 13.6 6.0 
Green Sunfish 02 EP 170 3.1 2.4 
Yellow Perch 05 F 203 0.7 1.4 

05 EP 147 1.1 1.3 
Walleye OS F 368 0.6 1.7 

05 .•·• F 262 0.3 1.2 
White Bass 03 EP 325 6.5 9.8 

03 EP 193 3.2 9.3 t l'!!!!I 

4/77 •Northern Pike I 01. F 688 0.5 2.4 Pentachtoroaniscle< 0. 005 
01 F 770 0.8 2.3 Pentachtoroan,sole O 020 

·walleye 01 F 412 1.5 1.8 Pentachtoroan1sole O 060 
·earp 01 F 424 2.4 5.2 Pentachtoroanisole 0.036 
Carp 01 F 406 1.2 2.7 

01 F 445 1.7 10.0 
01 F 406 2.0 4.3 

~ 01 F 470 2.3 13.0 
01 F 548 4.6 16.0 
01 F SM 5.4 28.0 
01 F 558 5.8 30.0 
01 F 508 6.1 18.0 
01 F 533 6.1 20.0 
01 F 570 9.0 39.0 
OS WF 519 12.S 50.0 

5/77 Carp OS WF 519 10.6 41.0 
05 WF 493 9.2 35.0 ~ 
01 F 570 9.0 39.0 

8/78 Brown Bullhead OS WF 203 5.8 4.4 
05 WF 229 5.0 4.1 
OS WF 191 5.0 3.8 . 
05 WF 216 5.2 3.1 
05 WF 203 4.7 3.6 

Carp 01 F 640 6.3 16.0 
01 F 457 8.1 8.9 

4' 01 F 356 3.3 3.3 
01 F 447 4.2 3.4 
01 F 325 2.2 1.8 

Northern Pike . 01 F 610 2.2 6.0 
01 F 541 1.7 2.8 
01 F 432 2.9 1.6 

White Sucker 01 F 455 2.9 3.5 
01 F 417 5.5 3.6 

8178 White Sucker 01 F 419 4.7 2.7 
01 F 399 10.0 5.0 

~ 

01 F 386 5.2 9.2 
Walleye 01 F 340 6.4 2.7 

01 F 318 2.1 3.6 
Yellow Perch 05 WF 173 3.1 1.8 

05 WF 165 3.9 3.5 
05 WF 203 3.3 2.0 
05 WF 191 3.4 2.2 

'8\ 05 WF 178 3.2 1.8 
9/78 Carp 03 WF 533 11.4 17.0 

White Sucker 05 WF 406 7.4 9.6 
Walleye 05 WF 404 6.9 7.9 

-. 

2 
F - Fillet • Fish samples were screened for 

a: WF - Whole Fish compounds other than PCBs. 
0 EP - Edible Portion • • Ouantitated by matching to the near-
"" est ArocJor or Aroclor mixture. - 279 
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Table 17 (cont.) 
Lower Fox River and Lower Green Bay Fish Contaminant Data 

Other 
length PCs•• Chloro-organics 

Sample location Date Species Quantity Form (mm) ~4 Fat (mg/kg) or metals (mg/kg) ~ -
Little Lake Butte 8/79 Brown Bullhead 10 F 236 4.7 1.3 

Des Morts 
(continued) 

Northern Pike 02 F 597 0.9 1.0 
Walleye 03 F 389 2.7 u 
Yetaow Perch 10 F 224 3.0 0.3 - 15 F 180 1.1 0.6 

• Notthern Pike 0.1 WF 592 3.1 6.8 Mercury 0.22 
Coppef0.70 
p.p·ooe o.oa 

·White Sucker (M WF ~ 3.2 2.5 Chromium 0.50 
Mercury 0.08 
Coppe,2.90 

Kaukauna 8178 Carp 01.•"• F 432 10.5 57.0 
01 F 450 6.7 26.0 
01 F .as 5.2 17.0 - , 01 F 523 1.3 38.0 
0'1 F 429 6.1 22.0 

Notthern Pike 01 F 584 4.7 11.0 
Yellow PefCh 03 WF 152 0.7 3.5 

6/79 Brown 8utlhead 03 F 224 ' 4.2 2.7 
Carp 05 F <439 3.0 11.0 
Notthem Pike 02 F 490 0.6 1.0 
White Sucker (M F 333 1.8 u ... 
Waffeye (M F 394 4.9 8.0 
Yellow Perch 01 F 277 0.4 <0.2 

DePere (below dam) 5/77 8ow1ln .01 F 648 0.4 0.5 
Carp 01 WF 259 6.9 4 ... 

01 WF 325 1.6 6.6 
01 WF 376 8.8 90.0 - 01 F .t39 0.7 2.5 

Northern Pike 01 F .. 98 1.0 3.0 
01 F 531 0.7 3.2 
01 F 455 0.5 2.5 

White Sucker 01 F "32 2.3 4.2 
01 F 429 0.6 u 
01 F .t83 0.6 2.5 

•Whffe Sucker 01 F .t83 1.0 2.3 Oietdrin 0.008 
White Sucker 01 F .t52 1.8 3.2 

01 F 381 1.0 ... 4 ~ 

Walleye 01 F 330 ... 9 ... 5 
01 F .t52 2.6 6.8 

Yellow Perch 05 F 203 1.0 1.0 
(M WF 173 2.8 6.6 
05 WF 185 3.2 5 ... 
05 F 196 2.6 5.3 

8178 Carp 05 WF .t83 13.2 65.0 .. 05 WF 406 6.2 1 ... 0 
Walleye 05 WF 457 10.0 25.0 

9/78 Chinook Salmon Eggs 10.0 11.0 
Chinook Salmon 01 F 871 .. .2 9 ... 

01 F 914 5.8 12.0 
01 F 876 ... 3 9.1 

.. /79 ·Carp 05 WF 518 9.0 17.0 Mercury 0. 12 
Copper 1.50 

~ p.p·ooe o.50 
•White Sucker 03 WF 387 3.6 5.9 Chromium 0.50 

Mercury 0.12 
Coppet 2.10 
p.p·ooe 0.14 

·walle)'e 02 WF 401 10.0 16.0 Chromium 0.50 
Mercury 0. 14 
Copper 1.80 
~rin0.03 

~ p.p·ooe o.34 

~ 
f - Fitlet • F'ash samples were screened tor 

a: WF - Whole Fish compounds other than PCBs. 

f2 EP - Edibk! Portion • • Quantitated by matchmg to the near-
est Aroclor or Arocior miX1!1fe. 
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Table 17 (cont.) 

Lower Fox River and Lower Greitn Bay Fish Contaminant Data 

Other 
Length Pee·· Chloro-organics 

Sample Location Date Species Quantity Form (mm) % Fat (mg/kg) or metals (mg/kg) 

DePere (below dam) Walleye 01 I- 386 1.3 3.7 
01 F 434 2.6 3.3 

(continued) 01 F 290 1.4 3.3 
06 F 239 2.6 1.5 
02 F 305 3.3 3.2 

Fox River Mouth 10/79 ·Carp 05 .WF 460 11.0 5.8 Mercury 0. 10 
Alpha BHC 0.01 
~pper 1.30 
p,p'OOE 0.50 

•walleye 05 WF 381 11.0 16.0 Mercury 0. 14 
p,p'OOE 0.06 
Alpha Chlordane (Cis) 0.05 
Trans-Nonachlor 0.05 

... Alpha BHC 0.01 
Copper0.80 
Oieldrin o.oi 
p,p'OOEO. 6 

4179 ·venow Perch I 10. WF 178 3.2 8.4 Mercury 0.04 
Copper0.80 
p.p·ooe o. 12 

• Brown Bul1head 05 WF 211 1.3 3.1 Mercury 0.06 
Copper0.90 
p,p'OOE O. 10 

06 WF 213 2.3 5.4 Mercury 0.05 
Copper 1.40 
p,p'OOE 0.13 

•earp 04 WF 439 11.0 6.1 Mercury O. 15 
p,p'OOO 0.07 
Alpha BHC 0.01 
Copper 0.90 ·, 
p,p'ODE 0.52 

lower Green Bay 4/77 Lake Whiteftsh 01 F 533 11.8 17.3 

(Grid 1001) •Alewife 05 WF 187 4.4 7.4 Mercury 0.09 
p,p'OOO 0.09 
Copper 1.10 
Oieldrln 0.05 
p,p'OOE 0.63 

• Brown Bullhead 05 WF 231 2.9 8.5 Mercury 0.04 
Copper 1.40 
p,p'OOE 0. 16 
Gamma BHC 0.02 

·Carp 05 WF 366 8.0 5.9 Mercury O. 11 
p,p'OOO 0.05 
Copper 1.80 
p,p'OOE 0. 18 

•WhJte Sucker 01 WF 269 6.0 4.4 Mercury 0.05 
Copper 1.00 
p,p'OOE 0.11 

•Yeflow Perch 05 WF 165 7.5 8.5 Mercury 0.03 
Copper 1.00 
p,p'ODE 0. 12 
Gamma BHC 0.04 

(Sullivan and Delfino, 1982) 

F - Fillet • Fish samples were screened for 
2 WF - Whole Fish compounds other than PCBs. a: 
i EP - Edible Portion • •auantttated by matching to the near-

est Aroclor or Aroclor mixture. 
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GREAT LAKES 

ARMSTRONG, DAVIDE. AND DEBORAH L. SWACKHAUER~ 1983~ CHAPTER 13. "PCB 
ACCUMULATION IN SOUTHERN LAKE MICHIGAN SEDIMENTS: EVALUATION FROM CORE 
ANALYSIS" PHYSICAL BEHAVIOR OF PCBs IN THE GREAT LAKES, 229 - 244. 
(1982 STUDY) (PCB IN SEDIMENT)- -- - --

BLACK, JOHN J. 1983. "FIELD AND LABORATORY STUDIES OF ENVIRONMENTAL 
CARCINOGENESIS IN NIAGARA RIVER FISH" JOURNAL GREAT LAKES RESEARCH 
9(2)~ 326 - 334~ (EFFECTS: FISH ABN9RMALITIES) 

BLACK~ JOHN J. 1982. "EPIDERMAL HYPERPLASIA AND NEOPLASIA IN BROWN 
BULLHEADS ( ICTALURUS NEBULOSUS) IN RESPONSE TO REPEATED APPLICATIONS OF 
A PAH CONTAINING EXTRACT OF POLLllrED RIVER SEDIMENT" IN: POLYNUCLEAR 
AROMATIC HYDROCARBONS: SEVENTH INTERNATIONAL SYMPOSIUM ON FORMATION, 
METABOLISM AND MEASUREMENT, M. W. COOKE AND A. J. DENNIS; EDITORS, 99 -
111. (ABNORMALITIES) 

BLIGH, E. GRAHAM. DATE UNKNOWN. "ENVIRONMENTAL FACTORS AFFECTING THE 
UTILIZATION OF GREAT LAKES FISH AS HUMAN FOOD" 13 - 18. (PESTICIDES 
IN BIOO'A: FISH) 

CZUCZWA, JEAN M. AND RONALD A. HITES. 1984 "ENVIRONMENTAL FATE OF 
COMBUSTION-GENERATED POLYCHLORINATED DIOXINS AND FURANS" ENVIRONMENTAL 
SCIENCE AND TECHNOLOGY 18 (6), 444 - 450. (1981 SAMPLING) (DIOXINS 
AND FURANS IN SEDIMENTS) 

DELFINO, JOSEPH J. 1979. "TOXIC SUBSTANCES IN THE GREAT LAKES" 
ENVIRONMENTAL SCIENCE & TECHNOLOGY 13, 1462 - 1468. (PAH IN WATER; PCB 
IN WATER, SEDIMENTS, BIOO'A: FISH) 

EADIE, BRIAN J ~ 1984. "DISTRIBUTION OF POLYCYCLIC AROMA TIC HYDROCARBONS IN 
THE GREAT LAKES" CHAPTER 9, TOXIC CONTAMINANTS IN THE GREAT LAKES. 
NRIAGU AND SIMMONS, EDITORS, VOLUME 14 IN ADVANCESINENVIRONMENTAL 
SCIENCE AND· TECHNOLOGY. JOHN WILEY & SONS, 195--: 211. (PAH IN 
SEDIMENTS)-

EADIE, BRIAN J. ~ WARREN R. FAUST, PETER F. LANDRUM, NANCY R. MOREHEAD, WAYNE 
S.GARDNER, AND TOM NALEPA. 1983. "BIOCONCENTRATIONS OF PAH BY SOME 
BENTHIC ORGANISMS OF THE GREAT LAKES" POLYNUCLEAR AROMATIC 
HYDROCARBONS: FORMATION, METABOLISM AND MEASUREMENT COOKE & DENNIS, 
EDITORS, 437 - 449. (PAH-IN WATER, SEDIMENTS, & BIOO'A: BENTHOS) 

EADIE, BRIAN J., WARREN R. FAUST, PETER F. LANDRUM, AND NANCY R. MOREHEAD. 
1983~ "FACTORS AFFECTING BIOCONCENTRATION OF PAH BY THE DOMINANT 
BENTHIC ORGANISMS OF THE GREAT LAKES" POLYAROMATIC HYDROCARBONS: 
EIGHTH INTERNATIONAL SYMPOSIUM ON MECHANISMS, METHODS, AND METABOLISM. 
M. W. COOK AND A. J. DENNIS, EDITORS. BATTELLE VIII, 36r-= 378. (PAH 
IN SEDIMENTS & BIOTA: WORMS & P. HOY!) ---

EADIE, BRIAN J., PETER F. LANDRUM, AND WARREN FAUST. 1982. "POLYCYCLIC 
AROMATIC HYDROCARBONS IN SEDIMENTS, PORE WATER AND THE AMPHIPOD, 
PONTOPOREIA HOY!, FROM LAKE MICHIGAN" CHEM:>SPHERE, VOLUME 11, (9), 847 
- 858. (1982 STUDY) (PAH IN WATER, SEDIMENTS, & B_IOTA: AMPHIPODS) 
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EDGINGTON, DAVID. 1984~ "GREAT LAKES EUTROPHICATION: FISH, NOT 
PHOSPHATES?" THE FUTURE OF GREAT LAKES RESOURCES 1982-84 BIENNIAL 
REPORT, UNIVERSITY OF WISCONSIN, WIS-SG-84-145, 25 - 33. (SOURCES -
INPtIT- TO FOX RIVER & GREEN BAY) 

EVANS, MARLENE S. , RALPH W. BATHE IT AND CLIFFORD P. RI CE. 1982. "PCB s AND 
OTHER TOXICANTS IN MYSIS RELICTA" HYDROBIOLOGIA 93~ 205 - 215. (PCB & 
PESTICIDES IN BIOTA: MYSIDS) 

FITCHKO, J. ~ PRINCIPAL INVESTIGATOR~ 1985~ ASSESSMENT CF THE EFFECTS OF 
PERSISTENT TOXIC SUBSTANCES ON GREAT LAKES BIOTA, !EC BEAK CONSULTANTs,'° 
LTD •. DRAFT REPORT TO INTERNATIONAL JOINT COMMISSION ( IJC), PROJECT 
2228. 4, 252 PP. (REFERENCESS TO STUDIES: POPULATION & TOXICITY -
SUBLETHAL EFFECTS - PHYSIOLOGICAL, GENETIC, MORPHOLOGICAL, BEHAVIORAL) 

FORNEY, J.C. 1982. THE GREAT LAKES ENVIRONMENTAL CONTAMINANTS SURVEY 
SUMMARY REPORT: 1972 - 1980. MDNR PUBLICATION NO. 3730-0038, i - iv, 1 
- 38. (PCB & PESTICIDES IN BIOTA: FISH) 

FOX, G. A. 1982. "CON GENITAL ANOMALIES IN COLONIAL FISH-EATING BIRDS: A 
M:>NITOR FOR ENVIRONMENTAL TERATOGENS" PAPER PRESENTED AT THE AMERICAN 
PUBLIC HEALTH ASSOCIATION MEETING, MONTREAL, CANADA, NOVEMBER 17, 1982 
(UNPUBLISHED), 10 pp. (ABNORMALITIES) 

FRANK, R., M. HOLDRINET, H. E. BRAUN, R. L. THOMAS, AND A. L. W. KEMP. 
1977. · "OR GANOCHLORINE INSECTICIDES AND PCBs IN SEDIMENTS OF LAKE ST. 
CLAIR ( 1970 AND 1974) AND LAKE ERIE ( 1971)" THE SCIENCE OF THE TOTAL 
ENVIRONMENT 8: 205 - 227. (1970 & 1974 SAMPLING) (PCB & PESTICIDES IN 
SEDIMENTS) 

GILBERTSON, M. 1982. "ETIOLOGY OF CHICK EDEMA DISEASE IN HERRING GULLS IN 
THE LOWKR GREAT LAKES" CANADIAN TECHNICAL REPORT FISHERIES AND AQUATIC 
SCIENCES 1120: 14 pp. (ABNORMALITIES) 

GREAT LAKES WATER QUALITY BOARD. 1985. 1985 REPORT ON GREAT LAKES WATER 
QUALITY. REPORT TO THE INTERNATIONAL JOINT COMMISSION, i - xii, 1 -
212. (PCB & PESTICIDES IN FISH; STATUS OF CONTAMINANT PROBLEM) 

HALLETT, DOUGLAS J. AND RONALD W. BRECHER. 1984. "CYCLING OF POLYNUCLEAR 
AROMA TIC HYDROCARBONS IN THE GREAT LAKES ECOSYSTEM" CHAPTER 1 0 ~ TOXIC 
CONTAMINANTS IN THE GREAT LAKES, NRIAGU AND SIMMONS, EDITORS. IN 
ADVANCES IN ENVIBON°MENTAL SCIENCE AND TECHNOLOGY, JOHN WILEY & SONS, 
14: 213 -~37. (PAH IN FISH & HERRING GULL; ABNORMALITIES) 

HESSELBERG, ROBERT J. AND JAMES G. SEELYE. 1982. "IDENTIFICATION OF 
ORGANIC COMPOUNDS IN GREAT LAKES FISHES BY GAS CHROMATOGRAPHY/MASS 
SPECTROMETRY: 1977" USFWS ADMINISTRATIVE REPORT NO. 82-1, 1 - 49. 
(PAH, PCB & PESTICIDES IN FISH) 

AN INVENTORY OF CHEMICAL SUBSTANCES IDENTIFIED IN THE GREAT LAKES ECOSYSTEM. 
• VOLUME I- SUMMARY. 1983. REP ORT TO THE GREAT LAKES WATER QUALITY 

BOARD, INTERNATIONAL JOINT COMMISSION (IJC), 195 PP. (PAH, PCB & 
PESTICIDES IN WATER, SEDIMENTS, & BIOTA; SUMMARY OF REFERENCES TO 
INFORMATION ABOlIT CHEMICALS IDENTIFIED) 
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KAISER, K. L~ E. 1974~ "MIREX: AN UNRECOGNIZED CONTAMINANT OF FISHES FROM 
LAKE ONTARIO" SCIENCE 185: 523 - 525. (PESTICIDE IN BIOI'A: FISH) 

KONASEWICH, D.; W. TRAVERSY; H. ZAR. 1978. GREAT LAKES WATER QUALITY 
STATUS REPORT ON ORGANIC AND HEAVY METAL CONTAMINANTS IN THE LAKES 
ERIE, MI CHI GAN, HURON AND SUPERIOR BASINS, 1 - 14, & CHAPTER 5, "LAKE 
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