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The PCB Data Management System was devised i n  response to  
a need to  organize a large volume of PCB related data from the 
environmental measurements taken i n  the Acushnet Estuary, 
Massachusetts area. Based on compilation of over 5000 data 
entr ies  from twenty-three different analytical laboratories and 
twenty-one different agencies, the system was used to 
characterize the data for its analytical and f ie ld  collection 
re l i ab i l i ty .  Following the assessment for re l i ab i l i ty ,  a l l  data 
were coded and entered into the system. Based on the rel iable  
data (over ninety percent of a l l  b e  observations), analyses were 
conducted to  identify the type, location and extent of 
contaminated areas, and delineate areas where additional data was 
required. S t a t i s t i c a l  analyses of the data were also conducted 
t o  delineate significant changes over time, as well as to  
identify "hot spotsw where more immediate remedial action may be 
required. 

T h i s  report summarizes key physical, chemical and 
- biological properties of PCBs which affect  their  transport and 

f a t e  i n  the environment. U t i l i z i n g  t h i s  technical foundation, 
the report contains an assessment of the PCB data for use by 
State and Federal regulatory agencies i n  the conduct of - ac t iv i t i e s  related to implementation of effective remedial action 
i n  the Acushnet Estuary area. 
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PREFACE 

The work described in this report was performed under Work 

Order No. 8, Contract No. 68-04-1009, entitled "Preparation of 

Environmental Impact Statements and NEPA Related Studies for 

Region I, " dated June 1981, between the U.S. Environmental 

Protection Agency (EPA) , and Metcalf & Eddy, Inc. (M&E) . 
This report was prepared for the Office of Program 

Support, EPA, Region I. The Project Officer responsible for 

overall coordination of this work was Mr. Robert E. Mendoza. The 

Project Manager responsible for EPA's daily management of the 

work was Mr. Kenneth H. Wood. 

The Metcalf & Eddy, Inc. author of this report was Ms. 

Elizabeth D. Eggleston. Technical support documentation and 

preparation of draft material was provided by: Ms. Kathleen A. 

Smith; Ms. Melanie Byrne Thomas, Mr. Paul Geoghegan, and Ms. 

Christine Rosinski. Technical review of the work was conducted 

by: Dr. Abu M. Z. Alam, Mr. David P. Bova, Mr. Donald M. 

Brailey, Dr. Edward J. Chichon, and Mr. James G. Dedes. 

Technical support related to Kriging was provided by Mr. David 

Hergert and Mr. Reuel Warkov (Avco Computer Services). Dr. 

Robert J. Reimold served as Project Manager for this work; the 

M&E Principal responsible for this work was Mr. Richard L. Ball, 

Jr. Vice President. 



This report has been reviewed and approved for publication 

by Metcalf & Eddy and the U.S. Environmental Protection Agency. 

Approval does not signify that the contents necessarily reflect 

the views and policies of EPA, nor does mention of trade names or 

commercial products constitute endorsement or recommendation for 

use. 
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I n  r e v i e w i n g  t h e  i n d u s t r i a l i z a t i o n  o f  t h e  Acushnet  E s t u a r y  

area, p o s s i b l e  s o u r c e s  o f  PCB c o n t a m i n a t i o n  were i d e n t i f i e d .  

Major  u s e r s  o f  PCBs i n c l u d e  two e l e c t r i c a l  c a p a c i t o r  

m a n u f a c t u r e r s ,  Aerovox I n c o r p o r a t e d  and C o r n e l l - D u b i l i e r  

E l e c t r o n i c s  C o r p o r a t i o n ,  who a c t i v e l y  d i s c h a r g e d  PCBs t o  t h e  

e s t u a r y  and t o  t h e  m u n i c i p a l  sewerage  s y s t e m  from t h e  t i m e  t h e i r  

o p e r a t i o n s  commenced i n  t h e  1 9 3 0 1 s  u n t i l  1977,  when t h e  u s e  o f  

PCBs was banned by t h e  U . S .  EPA. O t h e r  minor  u s e r s  o f  PCBs were 

a l s o  i d e n t i f i e d .  A l so  d u r i n g  t h a t  time, PCB-contaminated w a s t e  

c a p a c i t o r s  as  well as d redged  material from t h e  h a r b o r  were  

b u r i e d  a t  t h e  c i t y  l a n d f i l l ,  an  up land  dump s i t e  known as 

S u l l i v a n ' s  Ledge,  and a t  s e v e r a l  o t h e r  u n i d e n t i f i e d  s i t e s  i n  t h e  

N e w  Bedford v i c i n i t y .  Dredged materials were a l s o  used  a s  f i l l  

f o r  numerous b u i l d i n g  s i t e s  t h r o u g h o u t  t h e  c i t y .  

The re  is c u r r e n t l y  a  p e r v a s i v e  PCB p o l l u t i o n  problem 

t h r o u g h o u t  t h e  Acushnet  E s t u a r y  a r e a .  C o n c e n t r a t i o n s  i n  t h e  

s e d i m e n t s  u n d e r l y i n g  t h e  985 a c r e  h a r b o r  r a n g e  from < 1 t o  a l m o s t  

200,000 ppm ( d r y  w t . )  PCBs. P o r t i o n s  o f  Buzza rds  Bay are  a l s o  

c o n t a m i n a t e d ,  w i t h  c o n c e n t r a t i o n s  i n  e x c e s s  o f  50 ppm. Samples  

t a k e n  from w i t h i n  t h e  s ewerage  sys t em and t h e  m u n i c i p a l  

w a s t e w a t e r  t r e a t m e n t  p l a n t  c o n t a i n  h i g h  PCB l e v e l s ,  as do a i r  

samples  i n  t h e  v i c i n i t y  of t h e  s l u d g e  i n c i n e r a t o r .  S e d i m e n t ,  

g roundwa te r  and a i r  PCB c o n t a m i n a t i o n  have  a l s o  been documented 

a t  t h e  l a n d f i l l  and S u l l i v a n l s  Ledge s i t e s .  I n  a d d i t i o n ,  a  s m a l l  

scale  h e a l t h  s t u d y  by t h e  M a s s a c h u s e t t s  Depar tment  o f  P u b l i c  

H e a l t h  r e v e a l e d  e l e v a t e d  b lood  l e v e l s  o f  PCBs i n  l o c a l  r e s i d e n t s .  

- 
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I n  1982 ,  t h e  Achusne t  E s t u a r y  was p l a c e d  on EPA1s i n t e r i m  

p r i o r i t y  l i s t  o f  h a z a r d o u s  w a s t e  s i t e s  n a t i o n w i d e ,  and t h u s  

became e l i g i b l e  f o r  S u p e r f u n d  a s s i s t a n ~ e .  S u b s e q u e n t l y ,  a 

Remedial  A c t i o n  Mas te r  P l a n  (RAMP), o u t l i n i n g  t h e  s t r a t e g y  f o r  

f u r t h e r  s ampl ing  and i n v e s t i g a t i o n  o f  c l e a n u p  a l t e r n a t i v e s  was 

p r e p a r e d  (Weston,  1983) .  The RAMP document summarized t h e  

i n f o r m a t i o n  n e e d s ,  and d e s c r i b e d  t h e  a c t u a l  r e m e d i a l  a c t i o n  model 

and t h e  a d m i n i s t r a t i v e  r e q u i r e m e n t s ,  f o r  c o n d u c t  o f  t h e  work.  

M e t c a l f  & Eddy, 1 n c . l ~  invo lvemen t  i n  t h e  Acushnet  E s t u a r y  

s t u d y  began i n  J a n u a r y ,  1982, w i t h  an  EPA Work Orde r  ( u n d e r  t h e  

U.S. EPA Region I ,  O f f i c e  of  Program S u p p o r t ,  M i s s i o n  C o n t r a c t )  

t o  i n s t i t u t e  a  c o m p u t e r i z e d  Da ta  Management Sys t em t o  h a n d l e  t h e  

l a r g e  volume o f  PCB-re la ted  d a t a  f o r  t h e  Acushnet  E s t u a r y  a r e a .  

T h i s  p r o j e c t  e n t a i l e d  c o m p i l a t i o n  o f  a l l  t h e  r e a d i l y  a v a i l a b l e  

d a t a ;  deve lopment  o f  30 c a t e g o r i c a l  data f i e l d s  t o  d e s c r i b e  t h e  

d a t a ;  c o d i n g ;  and e n t e r i n g  them i n t o  a computer  s o f t w a r e  package  

(DATATRIEVE-11). The s y s t e m ,  d e s c r i b e d  p r e v i o u s l y  ( M e t c a l f  & 

Eddy, I n c . ,  1982) ,  is a  c o m p u t e r i z e d  d a t a  b a s e  t h a t  h a s  been  

c o n t i n u o u s l y  r ev i ewed  and u p d a t e d  s i n c e  i ts i n i t i a t i o n ,  and 

p r e s e n t l y  c o n t a i n s  o v e r  5000 d a t a  e n t r i e s .  

A s  an i n t e g r a l  p a r t  o f  t h e  deve lopment ,  i m p l e m e n t a t i o n  and  

u s e  o f  t h e  d a t a  management s y s t e m ,  numerous r e f e r e n c e s  t o  t h e  

b e h a v i o r  and c h a r a c t e r i s t i c s  o f  PCBs, and  t h e i r  p r e s e n c e  i n  o t h e r  

e c o s y s t e m s ,  were  r ev i ewed .  T h i s  was e s s e n t i a l  t o  d e v e l o p  a n  

u n d e r s t a n d i n g  o f  t h e  data and a p e r s p e c t i v e  as t o  t h e  

i d e n t i f i c a t i o n  o f  c r i t i c a l  d a t a  d e f i c i e n c i e s  and  p r i o r i t i z a t i o n  

f o r  r e m e d i a l  a c t i o n .  The o b j e c t i v e s  o f  t h i s  r e p o r t  are t o :  

3 

M E T C A L F  6 E D D V  



1. summarize the comprehensive data base on contaminants 

(PCBs and heavy metals) in the Acushnet Estuary 

environment; 

2. characterize the data for use in remedial action and 

resource management planning; 
- r -  --...---. rr.v u v ~ ~ - ~ ~  A - \ ~ U A  v ~ i  a a i u  UALILG.LJ 

development and implementation of remedial action. 

In order to attain these objectives, this report 

summarizes selected key physical, chemical and biological 

properties of PCBs which affect their transformation, transport, 

fate and effects in the environment. It is not, however, a 

comprehensive literature review. The report also contains an 

assessment of the Acushnet Estuary PCB data base, utilizing the 

above described background information to identify specific 

considerations and gaps in the data. The ultimate goal of this 

report, and the data management project undertaken by Metcalf & 

Eddy, at the request of the U.S. EPA Region I Office of Program 

Support, is to assist State and Federal agencies in the 

organization, analysis, and meaningful interpretation of all 

existing Acushnet Estuary PCB-related data; a necessary 

prerequisite to the development of appropriate remedial actions. 





SECTION 1 - LITERATURE REVIEW 

Chemical and Physical Characteristics of PCBs 

Polychlorinated biphenyls, or PCBs, are a class of 

compounds produced by the partial or complete chlorination of the 

biphenyl molecule. Over 200 PCB isomers (similar molecules with 

differing configurations) exist. The PCBs manufactured by 

Monsanto Corporation, under the trade name Aroclor, are mixtures 

of these isomers. With the exception of Aroclor 1016, the four- 

digit number which follows the Aroclor name characterizes the 

specific blend. The first two digits identify the product as a 

biphenyl, and the second two express the average approximate 

percentage (by weight) of chlorine in the blend. Thus, Aroclor 

1242 is a biphenyl blend with approximately 42 percent chlorine 

content. The only exception to this protocol is Aroclor 1016, 

which is a biphenyl blend with approximately 41 percent 

chlorine. While the Aroclors containing 48 percent and less 

chlorine are colorless mobile oils, those with higher chlorine 

content are viscous liquids (Aroclor 1254) or sticky resins 

(Aroclors 1260 and 1262). 

The physical and chemical properties of PCBs determine the 

nature and extent of their chemical behavior and, consequently, 

the transformation and transport processes they will undergo in 

the environment. The physicochemical properties of PCBs which 

affect their chemical interactions are summarized in ,;le 1. 

Since each Aroclor is a PCB blend, and is not a pure substance, 

it will behave slightly differently depending on its specific 
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composition of chlorinated biphenyl groups. The physical and 

chemical properties of PCB isomers depend on the intramolecular 

positions of substitution as well as the total chlorine content 

(Callahan et al., 1979; Zitko, 1980). In evaluating 

environmental samples therefore, it is important to know the 

relative quantities of individual blends and isomers, in order to 

permit more precise conclusions concerning their fate and 

effect. Where possible, this report will distinguish between the 

properties of specific isomers and those of the Aroclor blends. 

Commercial PCB mixtures have been found to contain toxic 

substances other than PCBs. Specifically, polychlorinated 

dibenzofurans (PCDFs) have been detected in a number of domestic 

and foreign mixtures (EPA, 1976, 1980), as have polychlorinated 

naphthalenes (PCNs) (EPA, 1980). The possibility of 

polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated 

quaterphenyls (PCQs) also being present in commercial PCB 

mixtures has been raised, however, there appear to be no 

authenticated reports of this occurring. The potential presence 

of any of these highly toxic compounds in PCB mixtures 

complicates both their quantification and toxicological 

evaluation. 

Physical Transformations 

PCBs are aromatic, strongly hydrophobic compounds, (i.e. 

they tend to repel water molecules), and have a low solubility in 

water. In relatively non-polar organic solvents and lipids in 

biological systems, PCBs are freely soluble (EPA, 1980). Water 



solubility decreases with increasing chlorination, but given that 

specific PCBs are mixtures of different chlorinated biphenyl 

species, the solubility is an average of the component species. 

Measured and estimated PCB water solubility values range from 

15.0 mg/l for Aroclor 1221 to 0.0027 mg/l for Aroclor 1260 

(Callahan et al., 1979; see Table 1). The equilibrium of PCBs in 

water is time-dependent, and measured values range from 2 to 5 

months for the various isomers to reach equilibrium (Haque, 1980; 

R ~ P P ~ ,  1979). 

A compound's vapor pressure influences its rate of 

evaporation from environmental media. The persistance of PCBs in 

soil and surface water, and their tendency to move between 

environmental compartments, including the atmosphere, are highly 

dependent on this chemical-specific property (Lyman et al., 

1982). The vapor pressures of PCBs are low, with values ranging 

from 6.7 x 10.3 atm (Aroclor 1221) to 4.05 x 10-5 atm (Aroclor 

1260) (callahan et al., 1979; Nisbet and Sarofim, 1972). 

Volatilization is the process by which a compound enters 

the atmosphere as a vapor from another environmental compartment, 

and it is an important mass transfer pathway from soil and 

surface water to air. The rate at which a chemical volatilizes 

from soil or water is affected by many factors, including the 

chemical and physical properties of the compound, chemical and 

physical properties of the resident media (e.g. salinity), and 

environmental conditions in the overlying air. The physio- 

chemical properties of PCBs cause them to be somewhat volatile 

compounds, with calculated half-lives in water in the range of 9- 
- 



12 hours (Lyman 'et al., 1982). Although vapor loss generally 

decreases with increasing degrees of chlorination, other factors 

such as the higher solubility of lower-chlorinated blends, and 

any adsorbants present, greatly influence the ultimate rate of 

PCB volatilization from soil and surface water. Although the 

theoretical evaporation rate of PCBs from water has been predict- 

ed to be rapid, this may be limited in natural waters due to 

adsorption of PCBs to sediments (EPA, 1980). Similarly, the 

vapor loss of Aroclor 1254 has been found to be appreciable from 

sand, but negligible from strongly-sorbing soil surfaces (Hague, 

1980) 

The aromatic character of PCBs, their low water solubility 

and high octanol/water partition coefficient (which represents 

the tendency of a chemical to partition itself between an organic 

phase and an aqueous phase), cause them to have a high affinity 

for soil and sediment particles, especially those high in organic 

matter. Adsorption of PCBs in most media increases with 

decreasing water solubility and increases with the organic 

content of the adsorbant (Griffin and Chian, 1980). Other 

important factors affecting the adsorption coefficient are the 

structural characteristics of the compound, pH of the medium, 

particle size, and ambient temperature. Smaller particles (e.g. 

clay) show a definite increase in adsorptivity of PCBs. 

Adsorption reduces the volatilization rate of PCBs from water and 

soil, and also reduces the tendency of PCBs to migrate in soil 

and groundwater. 



Chemical Transformations 

One of the characteristics of PCBs which has made them so 

popular in industrial use is their extreme chemical stability. 

They are inert to almost all of the typical reactions which would 

change their chemical makeup. Except under extreme conditions, 

PCBs do not undergo oxidation, reduction, addition, elimination, 

or electrophilic substitution reactions (EPA, 1980). 

The only chemical transformation process of significance 

to PCBs is that of photolysis, whereby chemical decomposition is 

caused by radiant energy. In aqueous systems, photolysis of PCBs 

entails the replacement of chlorine with hydroxy groups (EPA, 

1980). The rate of photolysis depends both on environmental 

conditions (e.g. intensity and spectrum of solar radiation, 

presence or absence of sensitizers) and on compound-specific 

properties such as the rate and extent of light adsorption and 

the inherent tendency to undergo photochemical reactions. 

In the environment, anaerobic conditions.enhance 

photolysis (EPA, 1980). It has been demonstrated in laboratory 

work (Callahan et al., 1979; Haque, 1980) that the more highly 

chlorinated PCB blends are degraded to a greater extent in both 

air and water than are the less chlorinated species, but whether 

these results may be extrapolated to natural environmental 

conditions is open to question. Photolytic dechlorination is 

also expected to give rise to lower chlorinated isomers, 

including some which may not have been present in the 

commmercially manufactured mixtures. Under certain natural 



conditions, when the replacement of chlorines by hydroxy groups 

from water, without the intervention of alkali, occur at the 

ortho position, photolysis can result in the creation of 

polychlorinated dibenzofurans. 

Environmental Transport 

Environmental transport includes both intermedia transfer, 

(i.e. volatilization from soil to air, deposition from the water 

column to the sediments) and movement within environmental 

compartments, such as advective transport in estuarine flow. For 

chemically unreactive compounds such as PCBs, transport processes 

are ultimately more important than are transformation processes. 

Transport of PCBs in the environment can take place by: 

. volatilization from soil and surface water; 

. aerial transport via particulates; 

. leaching from landfills under certain conditions; 

. sediment transport in rivers and estuaries; 

. sediment deposition in receiving water bodies; 

. uptake, bioaccumulation, and transport by biota. 

The transport and transfer of a chemical by each of these 

pathways may involve several sequential processes, depending on 

the compartment involved. For an estuary, the principal physical 

and chemical transport mechanisms would include: 

. advective transport of particulate-sorbed PCBs by 

flowing water; 

. mixing in all directions by dispersion; 

. vertical transport and deposition to the sediments; 



. release from sorbed state on sediments and diffusion 

into overlying water layers. 

Each of these mechanisms has a characteristic rate, 

diffusion velocity, and tendency to resistance (Haque, 1980). 

The rates of transport may be calculated from knowledge of the 

physicochemical properties of PCBs, and the appropriate data on 

atmospheric conditions, particulate transport, hydraulic 

dispersion, bottom sedimentation rates, and biodegradation 

rates. Since PCBs have a strong tendency to adsorb onto 

particulate matter, they can be assumed, as a crude model, to 

move in the same manner as sediments or atmospheric particulate 

matter (Steen et al., 1978). However, the dynamics of such 

properties as sorption and desorption of PCBs from particulates 

are not well understood (Lyman et al., 1982). In addition, rates 

of flux, including volatilization, leaching in unsaturated (with 

water) soil, biodegradation in natural conditions, and diffusion 

through stratified water layers are very difficult to quantify 

for any compound, and are virtually unknown for PCBs. 

The principal transport pathways of PCBs in the 

environment are illustrated in Figure 1, and summarized below. 

Transport in Air. Volatilized PCBs may be adsorbed on 

particulate matter, transported by prevailing winds, and 

deposited on land or water by wet and dry deposition of 

particulate and vapor phase PCBs. The initial volatilization is 

highly dependent on the specific isomer and the availability of 

sorption sites in the resident media. 
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Eisenreich et al. (1980) identified airborne transport and 

deposition as the major source of PCB input to the Great Lakes, 

and indicated that this pathway plays a major role in the 

worldwide distribution of PCBs. Bidleman et ale (1977) estimated 

the maximum vapor, particle and rain fluxes of PCBs to the 

Western North Atlantic to be 1.4 g/km2/yr. 

Ambient air can also act as a transport route for the 

byproducts of PCB incineration. Rappe et al. (1979) found that 

the pyrolysis of PCBs yielded approximately 30 major and more 

than 30 minor polychlorinated dibenzofurans. One of the major 

constituents was 2,3,7,8 - tetrachlorinated dibenzofuran, the 
most toxic of this group of compounds. It is evident, therefore, 

that, uncontrolled incineration of PCBs can be an important 

environmental source of highly toxic dibenzofurans. 

Transport in Groundwater. Experimental evidence, both 

laboratory and site data, show that the mobility of PCBs in 

landfill leachate is very low to negligible, due to strong 

sorption to organic-rich soils (Griffin and Chian, 1980). If 

landfilled PCBs were to come in contact with groundwater high in 

organic content, such as seepage from a pond or a wetland, 

migration of PCBs might be more significant. Likewise, the 

absence of suitable soil surfaces for adsorption might increase 

the likelihood of groundwater transport of PCBs. 

Transport in Surface Water. When introduced to surface 

water, PCBs are adsorbed to a great extent by waterborne 

particulates, transported with flowing water, and diffused into 



the sediments. Some desorption from the sediments may occur, 

particularly in areas of high concentrations, but the dynamics of 

this process are not well quantified at present (Haque, 1980). 
. .  - R R ~ R I ~ ~ P  nQ +ha h4 mk -@PI-I&-- -a 

- 

may be desorbed from the soil or sediments to pore water or the 

water column, respectively, and thus constitute a continuing 

sources of PCBs to the aqueous environment (Eisenreich, 1980). 

In comprehensive studies of PCB dynamics in a pond system it was 

found that the sediments accumulated PCBs and released them 

slowly over a period of several years, at a rate largely 

controlled by the overlying water, in which PCB residence time 

was only a few days with resultant volatilization (Nisbet and 

Sarofim, 1972). A study in the Hudson River, north of Albany, 

N.Y., revealed that PCBs from bottom sediments were released to 

the river water at a constant rate during low to moderate river 

flow, but rates of release were accelerated with sediment 

resuspension during flood flows. It was estimated that this 

sediment PCB reservoir is sufficient to maintain the current 

level of water contamination in the Hudson River for 

approximately one century (Turk, 1980). Similarly, Eisenreich 

(1980) estimated that PCBs in surficial Lake Superior sediments 

will be available for biological recycling for the next 30 to 50 

years. 



Given this potentially large PCB reservoir existing in the 

bottom sediments of a water body, and since PCBs exhibit a high 

affinity for soil and sediment particles (especially small and/or 

organic particles), sediment transport and dynamics represent the 

major pathway for PCBs an estuarine environment. In a modeling 

effort of PCB fate in the estuarine portion of the Hudson River 

System, Thomann et al. (1980) determined that the total PCB 

concentration in the sediments was partitioned as 55 percent in 

organic particulates, 20 percent in inorganic particles, and 25 

percent in dissolved form. Similar work in the Great Lakes 

failed to demonstrate a clear correlation between sediment PCB 

concentration and either sediment texture, organic carbon 

content, or redox potential (Glooschenko et al., 1976). 

Due to sedimentation, differential settling velocities, 

and possible stratification, the transport of pollutants adsorbed 

in suspended solids does not adhere to the often-made assumption 

that the pollutants move in the same manner as the water 

column. Bottom sediments can also be resuspended through the 

shearing action of the overlying water, and through the action of 

benthic organisms that inhabit the upper layers of the bottom 

sediments; a process known as bioturbation. Further, the 

transport of PCBs cannot be fully predicted by sediment transport 

dynamics alone (Nisbet and Sarofim, 1972). The suspended 

materials of specific relevance to PCB transport do not 

necessarily act as discrete particles, the settling velocity of 

which are described by Stoke's law. Rather, these solids 



coalesce and flocculate, and therefore require direct settling 

analysis to determine the empirical settling rates in any 

specific location. In addition, the sorption and exchange 

dynamics of PCBs between the water column and suspended solids 

are not easily quantified and are very site specific. 

Studies of contaminated rivers and estuaries demonstrate 

that hydrography plays an important role in the distribution of 

PCBs. Downstream transport from the river to its estuary was 

documented for the Hudson River, New York ( ~ o p p  et al., 1981) and 

the Escambia River, Florida (Nimmo et al., 1971). In the salt- 

wedge type estuary of the Duwamish River, upstream mobilization 

by the more dense (saline) bottom water was well documented by 

Pavlon and Hom, (1979) and Pavlon & Dexter, (1979). PCBs are 

distributed throughout Raritan Bay (New Jersey) and the Lower 

New York Bay complex (Stainken and Rollwagen, 1979) as they are 

throughout Escambia Bay, Florida (Nimmo et al., 1971) due to 

estuarine and riverine hydrography. 

Generally, the lower chlorinated PCB blends are affected 

by sediment transport and other interactions between different 

elements of the aqueous environment, and therefore more subject 

to movement within an estuary (Nisbet and Sarofim, 1972). 



Biological Processes Relevant to PCBs 

Biological processes which can affect the fate and 

transport of toxic substances in the environment include 

biodegradation, bioconcentration (bioaccumulation), trophic 

transfer, and migration. Biodegradation refers to those 

metabolic processes by or in an organism which result in a 

breakdown in the chemical makeup of the contaminant. 

Bioconcentration reflects the accumulation of the substance 

within an organism. Trophic transfer refers to the passage of 

the substance in successive levels of the food chain, and 

migration refers to the spatial movement of the substance in 

conjunction with the movment of an individual organism. 

Biodegradation is the only biotransformation process relevant to 

PCBs, the remainder of these processes are biotransport 

processes. 

The chemical characteristics of PCBs which are most 

significant to these biological processes are their low water 

solubility, high lipid solubility, affinity for organic 

particles, and extreme chemical stability. As a group, PCBs are 

recalcitrant, (i.e. they resist biodegradation), and are able to 

be bioconcentrated. Due to their persistence in the environment, 

they can also exhibit trophic magnification; increase in 

organismal concentration with trophic transfer. 

There is a large volume of literature available on the 

presence of PCBs in biological systems. Tables 2 through 15 



Exwsure Conditions . Uptake Elimination 
Lo-- Terninn1 

I m r  Concan- b r a -  t i o n ,  Dun- concan- 
o r  t r a t i o n  t i o n  condi- )hu, h n g e  t i a r  t n t i o n  S Do- 

Orgnir k w l o r  (ppb) (days) t i o n s  year 0ryn (ppm) (ppm) BCF ~ f f a c t s  (days) (pp.1 c r e a w  writs Ref. 

wter PCB 2 S t  *rge 1970- 
Sound 7 1 

Inhibi ted 
carban 
uptake 

mter PCB 3 

wkr 1242 

water 1242 

water 1254 

# t a r  1251 

S t  George 1970- 
Swnd 7 1 

Toxio 

S t  George 1970- 
Sound 7 1 

S t  Qorge 1970- 
Sound 71 

h a l i e l l a  sv. water PCB 
Green f l a g e l a k  

100-200 20,000 Supprosad 
( l i p i d )  growth r a k  

M d  photo- 
synthes i s  

Steady s t a t e  

Ql lore l  l a  water PCB 
gymnoidoaa 
Green f l a g e l l a t e  

32-70 5,000 1nhibit .d 
( l i p i d )  Q w t h  .nd 

p r o d w t i v i t y  

62-156 11,000 
( l i p i d  1 



Exposure Conditions Uptake E l h i l u t i o n  
Low- T e m i ~ l  

Iscmer W e n -  Ihira- t i o n ,  Ihira- concen- 
or t r a t i o n  t i o n  condi- ba l l  -0 t l o n  t r a t i o n  I D8- 

Orwin Source Aroolor (ppb) (days) t i o n s  e a r  Organ ( p p d  ( p p d  BCT Effec ts  (days) (pp.) crease Collrmts Ibf .  

ske le ton#  
Costatu 
diatom 

w t e r  

water 

w a k r  

mter 

mter 

water 

m ter 

wter 

L W s  
I sUnd 
Sound 

Lans 
L h n d  
Sound 

L-6 
Is land 
Sound 

Lonu 
Island 
Swnd 

Lons 
L h n d  
Sound 

lancl 
Island . Sound 

w 
O h n d  
Sound 

S t  Qwrge 
SMad 

Altered 
spec ies  
d i v e r s i t y  
and a i m  

Inhibi  ted 
chlorophyll  
A* 3-4 
d . Y  8 

Suppmssed 
grouth, 3.5 
days 

Inhibi ted 
6- 

100 1,000 M i b i t . d  
( l i p i d )  yvntth 

P a r t i c l e s  >9 um 100 
Ewt w n s i t i v e  

S tmdy state 10 

R.co*ered Ira 100 
suspension o f  
grovth 

A f f . c t . d  arbm 84 
uptake 



Exposure Conditions U~take Elimination 
Loca- Teminal 

Iswar Concen- Dura- tion, b r a -  concen- 
or tration tion condi- b a n  Range tion tration I Dc- 

Oreanim Source h c l o r  (mb) (days) tions Y e  Oruan (DW) ( ~ m )  gCF Effects (Cays) (pm) cream Camants Ref. 

hna l ie l l a  water PCB 1-10 4 P/2 
te r t io leck  wdiu 
Green flagellate 

Increased 
competitive 
8UCCeDS 

Mixad culture. 86 
Cbm smmtive  
than pure 

Dunaliella water PCB 1,000 6 P/2 
tertiolecta - .. - carrier 10 medium 
G P ~  f l  l l e t e  

S tady  s ta te  
reached 

Dunaliella water 1254 8.1 5 medium 
tertiolacta x lo-3 1976 
Crwn flagellate 

0.25 0.12-0.38 Yo= 
(dry) 

Dlwliella 89. water 1254 2.7 5 Dediu 
Gmnn flagellate x 1976 

steady stat.  
reach4 

b ~ l i e l l a  water PCB 11-25 4 PI2 
tertiolecta 'I Wilt. 

w .  Green flagellate 
--L 

Olorella water PCB 5; 10 2 Long 1977 120 80-160 16000 Altered 
m m i d o m  bland ( l ipid)  (sorption) species 
Green flagellate Sound diversity 

and size 

Steady state 
SUChed 

Yhallasiosin w a r  1254 1 14 6 F/2 1976 
paeudonana diu  
wntr ic  diatom 

Dimininhad 
competitive 
sucwaa 

Steady skk 
reachad 

Yhallasioain water PCB 25 4 
peudarur  oarrier 
oentrio diatom 

Inhibited 
llrwth 

Zhallasiosin water, PCB 25- 10 P/2 
p u d a ~ f u  oarrier 100 Miu 
eontrio diatom 



Exposure Conditions Uptake Elimination 
L0~8-  T e n i n 8 1  

Ieomr Concen- Dura- t ion ,  Dun- concen- 
or t r a t i o n  t i o n  condi- b a a  Range t i o n  t r a t i o n  S Ik- 

org " 8 m  - SOUWO Aroclor(ppb) ( d a y s ) t i o n s  Year Orgm ( p m l  ( p m )  BC? EfCects (days) ( p m )  c r e a m  CoMots b f  . 

S k e l e t o n a u  
c o a k t r u  
diatom 

water 1254 10 5 

mter PCB 10 2 

wkr  PCB 10 2 

wkr  PCB 10 2 

D i r i n i s h d  
yvnrth 

Diminished 
growth 

Soma inhi-  
b i t i o n  o f  
o f  @rowth 

Isth.1 

none 

a r b o n  n t e  34 
diminished by 
485 

arbom r a t e  34 
diminished by 
841 

Coatrol 34 



Exposure Conditions Uptake Elimination 
Loca- Terminal 

Isomer Concen- b r a -  t ion, Dura- concen- 
or  t ra t ion t ion condi- ban R.o(le t ion t r a t i aa  I R- 

Organiea Source Aroclor (ppb) (days) t ions e Organ ( p p d  ( p p )  BCF Effects (days) (PW) cmaae Cements Ref. 

invertebrate8 water 

Daphnh av. water 
water f lea ,  
adult  

R d m h  mano water 
water f lea ,  
adult  

cu;.rua wkr 
pa.udo1lmnaau 
aoud, adult  

-rus w t e r  
pa.udo1imaau 
Mud, adul t  

Pahemnetam water 
k a d i a k e ~ i a  
g h a n  8hri.p. 
adult  

Culex t a ra i a l i a  water 
msguito,  lam 

short  
term 

4 

1 

7-2 1 

4 

21 

7 

7-21 

7 

whole 52 

whole 43 

Inhibi tad 
mproduction 

whole 7.8 2,8W 

whole 30 20,000 

Steady .kt. 

S t r d y  a t a t e  



Ermsure  Conditions Uptake Eliminat ion 
Loca- T e m i n a l  

Isawr Concen- Dun- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- k m  h n g e   ion t r a t i o n  $ &- 

O r y n i m  Source Aroclor (ppb) (days) t i o n s  Year ( k y n  ( p m )  (ppr)  BCF Effects  (days) cream C a a n t s  Ref. 

will. 
r o s t r a t a  
American 
eel, a d u l t  

N r o s  tnt. 
e h e r i c a n  

eel, a d u l t  

Phoxinus phoxinus 
E u r o ~  & ~ ,  
adult- 

P l o e d u l e s  water  
. pnnehs 

f.the8d 
minnow, a d u l t  

P i . a c h l e s  wter 
p r o m h a  
fathead 
minnow, embryo- 
u r l y  jurmile 

1254 

1254 

1254 

PCB 

mna 

CSO. 

1016 

1242 

Canadian 1970 
freshwater  

Cumdim 1970 
freshwater  

whole 

whole 

whole 

whole 

l i v e r  

ovary 

whole 370 

S i g n i f i e u l t  
mdrtiar i n  
hatch 

Threshold 
m o r t a l i t y  
(HATC) 

Stecrdy s t a t e  

k di f fe ronoa  
i f  p.renk were 
exposed or not  



Terminal 
I eowr  Concan- Dura- t ion, Durn- concen- 

or  t ra t ion t ion condi- kkur k n g e  t i an  t ra t ion s Do- 

w t e r  1242 Pi.eph.lee whole 92 -5OS mduction 
promolar i n  reproductive 

\ CoMnta  b f .  
fathead success 
mimou, adult  89 

PiMdulea  m t e r  1248 1.1 - 60 
p r a a l a o  3.0 
fathead minnou, 
ombryo-ur ly  
juvenile 

PimeRh8lea water 1248 4.0 32 25' C 
prac la. 
fathead 
minnow, adult  

P h e ~ h a l e a  wter . 1254 1.8 - 90 
pramelno 4.6 
fathead 
minnow,  eobrp-  
w r l y  juvenile 

PiMRh8lea m t o r  1254 4.3 32 25' C 
promala. 
f a t h a d  
.fanow, adult  

whole 282 

Pl.a3ph.lea m t e r  1260 1.0 32 25' C 194,000 
p a e l m  
h t h e 8 d  

wtor 1260 2.1 - 60 
4.0 

hth0.d ltmar 

Jordumlla water 1242 
f l o r  idae 
f l y f i a h ,  adul t  

whole 92 



Exvosure Conditions U ~ t a k e  Elimination 
Loco- Teninml 

Isomer Concen- tun- t ion.  Dura- concen- 
o r  t r a t i o n  t i o n  condi- l&mn Range t i o n  t r a t i o n  5 Ih- 

Organism Source Aroclor (ppb) (days) t i o n s  Year Organ ( p p d  ( p p d  BCF Effec ts  (days) (pp.) c rease  C o l a n t s  Ref. 

Salm t r u t t a  water PCB -- 
brow t r o u t  

Salm t r u t t a  water, PCBa -- 
brom t r o u t  food 

Salm p i r d n e r i  - PCB 
rainbow t r o u t ,  
a d u l t d g g s  

Salm m l a r  -- PCB 
Atlan t ic  m h m ,  
e m - n r  

Salm m l 8 r  -- PCB 
Atlan t io  mlron .  

Salm u l a r  -- PCB 
A t l u l t i c  u l m n ,  
w r 6 '  

lbnon nutili. uh r ,  1254 
8trip.d ku, awtom 
larva 

0.005 Lake 
Michigan 

0.005 57 April- 
2.5 June 

Hatchery 

whole 

whole 

ovary 

w s a  

w 

whole 

whole 

5 

0.5 

2.8 

6 
l i p i d  

17 

0.005 
dry  

7.7-3.4 
l i p i d  

1 

Hi8h 
m r t a l i t y  
o f  eggs 

No ham 
to eggs 
and f r y  

Stmdy stat., 
d m  u a d  605 or 
PCB ava i lab le ,  
uudromow 



E x m u r e  Conditions Uptake Elimination 
Loca- T e n i r  

Isowr Concen- Dura- t ion.  Dura- concern 
o r  t r a t i o n  t i o n  condi- b a n  Range t i o n  t r a t i a  

O r g a n i r  Source Aroclor (ppb) (days) t iona  e a r  Organ ( p p )  ( p p d  BCP Effec ts  (day.) ( p m )  ts Ref. 

C r a s s o s t n a  water 1016 10 
v i n i n i a  
h r i o m  oys te r  

Cnaaoa t rea  water 1242 100 
v i r g i n i a  
American 0yst . r  

Q r ~ o a t r u  wter 1254 0.01 372 
v i r g i n i a  
h r i o a n  oyster .  

C r a s w s t n a  water. 1254 1 168 
v i r g i n i a  
h r i o u r  oys te r  

h, 
C n u o a t m  wter 1254 4 168 

4 
v i r a i n i a  
L . r i o 8 n  oyster ,  
Jwna a d u l t  

C m a a o s t l w  wkr 1254 5 
v i r ~ i n i a  
I w r i o m  o y s t e r  

C r a a a o s t r u  water, 1254 1 4.0 lgO C, 
v i r g i n i a  aoetono 31 ppt 
L e r i a n  oys te r ,  
mll a d u l t  

50s 
w r t a l i t y  

Toxic 26 

>8,000 191 re- II 
duction 
i n  growth 



Expowm Conditions Uptake Elimination 
Loca- Terminal 

Isomr Concan- Dun- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- man b n g e  t i o n  t r a t i o n  I Ib- 

O r g n i m  Source Aroclor (ppb) (days) t i o n s  Year Organ ( p p )  ( p p )  BCP Effec ts  (days) (ppm) c r e a m  b u e n t s  Ref. 

Crassostrea water, 1251) 10 4 19' C, 
v i r a i n i c a  acetono 31 P P ~  
American oys te r ,  
am811 a d u l t  

L a r i c a n  oys te r ,  
-11 a d u l t  

Crassos tma water 
v i r a i n i c a  
h o r i c a n  oys te r  

Crasaaostrea wter 
v i r e i n i c a  
American oys te r  

Crassostrea water, 1254 
v i r g i n i c s  sediment 
American oys te r ,  
a d u l t  

C r a ~ o t m a  wter, 1256 
v i m i n i c a  a e d i m n t  
h r i q  oys te r ,  
a d u l t  

Qmasostrw #tar, 1254 
v i r a i n i c a  sediment 
h r i c a n  o y s t e r ,  
a d u l t  

WD B s c u b i a  1972 whole 0.011 
<10 b y ,  

8-r , 
r a i l  

3 4 1  - 4 d 33.0 
duction 
i n  growth 

Complete 21 
i n h i b i t i o n  
of  growth 

Growth m s u w d  26 

During 0.002 87 Hillhest ooncen- 162 
8WWing t r s t i o n  in up- 

stream w d h e n t e  

During 0.002 82 
ap.ming 



Exposure Conditions Uptake Elimination 
Loca- Terminal 

Isomer Concen- Dura- t ion ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- Mean Range t i o n  t r a t i o n  1 Do- 

Organiaa Source Aroolor (ppb) (days) t i o n s  e r  Organ ( p p d  BCF Effec ts  (days) (ppm) crease C M a n t s  Ref. 

Crassostrea water 1,260 10 
v i rg in ica  
h r i c a n  oys te r  

44s re- 
duction i n  
growth 

C r a s m s t m  water 1,260 100 
v i m i n i c a  
Amariaan oys te r  

521 re- 
duction i n  
growth 

n ~ t i l u s  &dimant PCB 1,300 25 12' C, 
oa l i forn ianus  (sus- 33 PPt 
u s s e l ,  a d u l t  pended) 

Natural 104 
sediment 

PCB Not from 36 
i n t e r s t i t i a l  
water 

water 

Mi- 
s e n t  

mkr  

#* 

water 

mter 

water 

cledi- 
n n t  

whole 151 body 800 
burden 

whole 851 body 3.5 
burden PCB 

1254 10 30 

1016 10 

Z B k  
g l a s s  shrimp 

bth.1 
threshold 

a d u l t  



Exposure Conditions UDtake Elimination 
Loca- Terminal 

I scaer  Concen- b r a -  t ion ,  h r a -  concen- 
o r  t r a t i o n  t i o n  oondi- khan Range t i o n  t r a t i o n  S DO- 

Organiam Soume Aroclor (ppb) (days) t i o n s  e a r  Organ (pp.1 ( p p d  BCF Effects  (days) (PW) c r e a w  -ts Ref. 

Crangon aepto8- n d i -  1254 >2,500 
s ~ i n o a a ,  m n t  d r J  
a n d  shrimp* 
a d u l t  

Lethal 
threshold 

Panaeus m . water 1254 - 1 >l4 
Arirp 

Toxic 
increased 
w n s i t i v i t y  to 
. sa l in i ty  stress 

Penaew m water 1254 - 
shrimp, a d u l t  

Eacambia 1969 whole 0-14 
8.y 

Pemaeua water 1254 - 
W shrimp, a d u l t  
0 

hepato- 0.6120 
pan0FO.e 

Penaeus d u o r a r u  water 1254 -- 
pi* *ig. 

whole 0.14 140 lo 
morta l i ty  

P u u e u r  duoranm water 1254 - 
pi* *imp* 
juvenile 

sol 
morta l i ty  

Pmieus :duoraru  water, 1254 -- 
pink shrimp, acetom 
juran i la  

3.5- 10 1 7 0  C, July- 
4.2 28 ppt A u ~ .  

P u u e u s  d u o n n u  water, 1254 -- 
pink *imp* aceran0 
juvenila 

3.5- 10- no E July- 
4.2 20 Aug . whole 16 4,156 

(dead) 





Exposure Conditions Uptake Elimination 
Locs- Terminal 

Isomer Concen- Dura- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- b a n  Range t i o n  t r a t i o n  I Dn- 

Organim Source Aroclor (ppb) (days) t i o n s  Year Organ (ppm) (ppm) BCP Effec t r  (days) (ppm) c rease  &manta Ref. 

Pmeaus duorarum silt 1254 4,900 -- 
pink shrimp, 
a d u l t  

Pafmaus d u o r a r w  silt, 1254 30,000 -- 
pink shrimp dry  
a d u l t  water 0.5 

Peneaus d u o r a r w  aandy 1254 41,000 -- 
pink shrimp, a i l t  dry 
a d u l t  

Peneaus duorarum aandy 1254 5,700 --- 
pink .~hrimp, silt 
adul t  

Pemeaus duorarum aandy 1254 61;000 -- 
pink shrimp, a i l t ,  d ry  
a d u l t  n t e r  3.5 

Peneaus duorarum water 1260 100 , -- 
pink shrimp 

f i d d l e r c r a b ,  MINI 1,254 <2000 
a d u l t  d ry  

Peneaus d u o r a n r  silt 1254 2,500 -- 
f i d d l e r  crab. dry 
a d u l t  

Peneaus d u o r a r u  a i l t  1254 4,900 -- 
f i d d l e r  crab,  d ry  
a d u l t  

17O C, 
27 P P ~  

170 C, 
27 P P ~  

re c, 
27 ppt 

170 c, 
27 P P ~  

17' C, 
27 P P ~  

hepa- 1.3 
topancreas 

hepa- 6.1 
topancreas 

hepa- 6.7 
topancrull 

hepa- 9.8 
topancmas 

hepa- 2110 
topancreas 

1 0% 
mor ta l i ty  

92 

92 

WD uptake i n  92 
cont ro l  

92 

92 

26 

Not continuously 32 
covered with 
water 



Exmure  Conditions . Uptake Elimination 
Loca- Termina 1 

Isaer Concen- Dura- t ion, b r a -  concen- 
or  t r a t ion  t ion condi- Iban Ra-e t ion t ra t ion $ Do- 

Ormnim Source h l o r  ( D D ~ )  (dam) tiono e r  Orun ( ~ m )  ( ~ m )  BCP Effects (days) ( ~ m l  cream w n t o  Ref. 

f iddler  o n b ,  silt 1254 30,000 30 13' C, whole 17t9 
adult  dry 8 27 P P ~  

#tor 0.5 

f iddler  c n b ,  m d y  1254 61,000 30 13' C, 
adult silt, . 27 P P ~  

water 3.5 

whole 80t25 92 



Exwsure Conditions Uptake Elimination 
Loca- Terminal 

Isomer Concen- b r a -  t i o n ,  b r a -  concen- 
o r  t r a t i o n  t i o n  condi- b a n  Range t i o n  t r a t i o n  S De- 

Organism Source Aroclor (ppb) (days) t i o n s  Year Organ (ppm) (ppm) BCP Effec ts  (days) (pp.l) crease C o r a n t s  Ref. 

Cnll inectes water, 1254 3.5 - 20 28' C uhole 23 18-27 5,970 7.0 22 '4 26 
s a ~ i d u s ,  aoetona 4.2 27 ppt (10-37) 
blue crab, Aus. - 
juvenile Sept. 

Cnll inectea wter, 1254 
cupidus, acetono 
b b a  crab, 
juvenile 

uhole 23 18-27 

Cnll inectaa water 1254 5 20 
118pidua 
blue c n b ,  a d u l t  

4,000 not  
a f fec ted  

fish.. wkr 1016 28 Steady a t a t a  07 

PCB St. 1975 e d i b l e  3.0 
LAwmnoe 
River 

-11 a d u l t  
(C2.5 lb.) 

PCB St. . 1975 odib le  8.2 
LAmaaa  
River 

PCB St. 1975 ed ib le  12.4 
L.VIW)O. 
River 



Sxwsure Conditions U0hke Elimination 
Lo=- Teminal 

Isowr Concen- b r a -  t ion, Dura- concen- 
o r  trstioa tion condi- b a n  Range t ion t ra t ion 1 h- 

Oryniam Souma Aroclor (ppb) (dayr) tionm e -6.12 (ppm) (ppm) BCF Effects (days) ( p p d  crease Corcnts  Ref. 

Cundulua n t a r  1221 25 
hateroolitur 
k i l l i f i s h  

Q ~ r i n o d o a  n k r  1016 0.3 28 
variamtua . 
.heOp8hd 
.iMOY* adult- 
*Em 

10,000 no e f fec t  
on f ry  

Cywrinodon n k r  1016 
var i e m t u s  
sh..pshud 
linar* adult- 
**. 
p ~ e r i n o d o n  n k r  1016 - <10 28 

mimaw 

2,500- not 
8,100 .rr.Etui 

Cymrinodoo n k r  1016 32-100 28 
vuiemtucl 
s h r p a h a d  
l i m o v  

Q ~ r i n o d o a  n t a r  1016 15 >14 
variemtua 
OhnD8hUd 
6, h7 
juvcmil.* w 
adul t  



Exvosure Conditions Uptake Ellmina t ion 
h- f e m i ~ l  

IWMP Concen- Dura- t i o n ,  Durr- concen- 
o r  t r a t i o n  t i o n  condi- Ib.n Range t i o n  t r a t i o n  S Lb- 

Organlam Souroe Aroclor (ppb) (days) t i o n s  Y Orsan ( p p )  ( p p )  BCP Effec t8  (daya) ( p p )  c r e a w  Cementa Ref. 

Cywrinodon mter 1252 3 <12 
n r i e m t u a  
ahwpahaad 
.imw, W 

Clwrinodon water 1252 0.1 >l4 
r a r i e g t u s  
n h w p a h u d  
m i M o U ,  juvenile, 

l e t h a l  

l e t h a l  
to sow 

h w r i n o d o n  water 1254 '5 >I2 l e t h a l  118 
v a r i e m t u s  
ahempahead 
minnow, juvenile 

Cyverinodon water 1254 0.1 28 
v a r i e m t u a  

W aheapahwd 
Q\ minnow, a d u l t e g g  

4rrodon mter 1016 15 , >I15 
r h o d o i d e a  L 

pinfinh 

b n m d o n  water 1016 21 42 . 
rhomboiden, 
pinfimh 

LrUtodon m t e r  1016 32 152 
rhaboidea ,  
p inf iah  

L.cIodon water 1016 100 2 
rholboider, 
p inf iah  

decreawd 
auNiv81 o f  
f r y ,  un- 
a r r e c a  a d u l t 8  

l e t h a l  45 

1 1,000- a ~ i f i o m t  
22,000 w r k l i t y ,  

l i v e r  a l t e r a t i o n 8  



Exmaurn Conditions Uptake Elimination 
Locn- Terminal 

I a o n r  Conom- bra- t ion,  Dura- concen- 
o r  t r a t i on  t i on  condi- MMII itawe t i on  t r a t i on  S Do- 

Oruanism Source Aroolor (ppb) (days) t iona Year Orun  ( ~ m )  ( p a )  BCF Effects (days) ( ~ m )  cream CaMnta  Ref. 

Laaodon water 1254 1 2 1 6 ' ~  
rhomboidea, 26 P P ~  
pinfish, juvenile 

lagodon water, 1254 
rhomboiden 08rrier 
pinfish, juvenila 
30 m 5L 

lraodon water, 1254 
rholboidea, omrrier 
pinfish,  juvenile 
30 r SL 

Lyodon water 1254 
rhumboideaL 
pinfiah, juvenile 

W 
4 ks2% water, 1254 

rhumboidoa carrier 
pinfiah, juvenile 

k&si water 1254 
rhumboldor 
pinfiah, juvanilo 

5 12 16-22OC 
20-32 ppt 

10 2 1 6 ' ~  
26 ppt 

ks2% water 1254 100 2 1 6 ' ~  
rhumbidea 26 P P ~  
pinfiah, juvenile 

lagodon water 1260 100 
r h m b i d e a  
pinfiah 

whole 0.98 1,000 no 
mortali ty 

whole lb  

whole 109 

whole 38 

whole 17 

Laios taua  water, 1254 1 56 23-32' C whole 27 
unthurua  ca r r i e r  10-34 ppt 
.pot, juvenile 
4- SL 

50s 
mortali ty 

2,800 66s 
mortali ty 

l e tha l  

21,800 111s 
mortali ty 

380 no 
m r t a l i t y  

170 no 
mortali ty 

IK) 
mortality 

n,ow i s  84 7.2 73 S t a d y  a t a t e  44 
mortali ty 



h ~ o e u r e  Conditions Uptake 
Lam- 

p i o 8 t c r u s  
unthurw 
spot ,  J u v a l l o  

water, 1254 
omrrier 

w a k r ,  1254 
o a r r i e r  

Steady state 44 

Steady s t a t e  44 

S t u d y  .t.k 44 

L e i o s t a u a  
mnthurus  
spot* j u v a l l l e  

L e i o s t o u s  
xanthurus ' 
spot ,  juvenila 
4 0 1  SL 

wkr, 1254 
o a r r i r  

L e l o s t a u s  
u n t h t I ~ 8  
.pot* j u v a l i l e  
4 0 1  SL 

water, 1254 
carrier 

b n i n  8.3 84 Steady s t a t e  44 

LeiostoDus 
u n t h u r w  
spot  , juvenile 
4- SL 

water, 1254 
carrier 

h e a r t  13 13,000 84 Steady s t a t e  44 

44 L e i o s t a u s  
u n t h u r w  
spot .  JuveQile 

water, 1254 
mrrier 

whole 17 17,000 17s 
mor ta l i ty  

Leiontau. 
u n t h u r u s  
s ~ o t .  Juvenile 

water, 1254 
o a r r i e r  

water, 1 2 9  
c a r r i e r  

50s 
mor ta l i ty  

L e i o s t a u s  
mnthurus  
rpot ,  juvenile 
7 k  SL 



Exposure C o ~ ~ d i t i o n s  U ~ t a k e  Elimination 
b- Terminal 

Isomer Concen- hra- t ion ,  Dun- concen- 
o r  t r a t i o n  t i o n  ooadi- Ib.n hntP t i o n  t r a t i o n  1 Do- 

* U - h  Souroe Amalor ( m b )  (days) t i o n s  Y u r  Organ ( p p d  ( p p d  BC? Effec ts  (days) ( p p d  a r u m  -nts Ref. 

t s i w t o m u r  
u n t h u r w  
spot ,  juvenile 
4 0 1  SL 

6,500 84 2.0 69 S t e a d y s t a t e  44 

83,000 84 22 73 Steady s t a t e  411 water, 1254 
o a r r i w  

23-@ C l i v e r  83 
10-34 ppt 

tsiostou. 
u n t h u r u s  
.pot, juvenile 
4 0 1  SL 

biostous 
m t h u r w  ' 
spot, juvenile 
4 0 1  SL 

wter, 1254 
o a r r i w  

bra in  8.3 84 2.9 , 65 Steady a t a t e  44 t s i o s t w s  
u n t h u r u s  
.pot, juvenile 
4 0 1  SL 

water, 1254 
a a r r i e r  

23-@ C 
1 0 - 9  ppt 

I s i o s t a u s  
u n t h u r u s  
spot ,  juvenile 
4 0 1  SL 

water, 12511 
a a r r i e r  

h e a r t  13 

whole 17 

84 2.5 81 Steady s t a t e  44 

44 

44 

l a i o s t w s  
u n t h u r w  
spot, juvenile 
25- SL 

water, 125'1 
m r r i c  

17,000 171 
morta l i ty  

bio. tolus 
u n t h u r u s  
spot ,  juvenile 
24m SL 

water, 1254 
o a r r i w  

24,000 5OS 
morta l i ty  

b i o s t o u s  
u n t h u r u a  
.pot. juvenile 

water, 1254 
a 8 r r i e r  

501 
morta l i ty  



Exposum Conditions U ~ t a k e  Elimination 
Loca- T e m i f u l  

Isomr Concen- Dura- t i o n ,  Dura- conoen- 
or t r a t i o n  t i o n  condi- RUYa t i o n  t r a t i o n  1 Do- 

Orgmnim Source Aroclor (ppb) (days) t i o n s  . Year Organ (PC) ( p p d  BCP Bffac t r  (days) (PP.) c r e a m  Comcnts Ref. 

, L n i o s t o u s  water, 1254 5 45 28-3E C whole 152 30,400 621 
m t h u r v s  oarriw 23-34 ppt mor ta l i ty  
spot ,  juvenile 
T k  sL 

h i o s t o l r r s  mter 1254 5 20-15 l e t h a l  26 
- 

u n t h u r u s  
spot*  j u v m i l a  

L e i o s t ~  water 1254 '5 >14 
u n t h u r u s  
spot ,  juvenile 

b i o s t o l r r s  mter 1254 14-26 37,000 
xmthurus,  

P la th ich thrs  mter PCB 9 . 1 4  E a l t i c  
f l e a u s  - sea  
E a l t i c  flounder, 
adult*- 

ovary 0.120 '50s 
0.012* mduotiw 
l i p i d  i n  hatch 

255 ppb=11.6 ppb 149 
l i p i d ,  f i a h  
w/lM ppb had 
w ht 



EXDO~UM Conditions Uptake Elimination 
Leca- Terr i ru l  

Isomer Concen- I)un- t ion ,  Dura- concen- 
o r  t r a t i on  t i on  condi- Iban R.nge t ion  t r a t i on  1 De- 

O r y n i m  Source Aroclor (ppb) (days) t iona Year Organ ( p p d  (pm) BCP Effects (days) (pp.) oream I : t s  b f .  

Wereis viruna water 1254 
o l m  worn. adul t  

1.0 whole 50-MO 0 80 

Hourus - 
u o r i m u a  
harimn 
lobater,  adult  

lobster,  adul t  

lobator, d u l t  

rood 

food 

food 

'100 s t u d y  s t a t e  80 
10-281 l i p id  

lobater,  adul t  

'60 ateady s t a h  80 
10-281 l i p id  

42 -80 steady a ta t .  80 
not ruched  
0.11-0.441 l i p id  



Exposure Conditions Uptake Elimination 
Lo-- T e n i n 8 1  

Iaomr Concan- Dura- t ion ,  Dura- concen- 
o r  t m t i o a  t i o n  oondi- b a n  flame t i o n  t r a t i o n  5 b- 

Org8nim Source Aroclor (ppb) (days) t i o n s  e &&an ( p p d  (pp.1 BCF Effec ts  (days) (pp.1 crease Comonts Ref. 

rood 

rood 

rood 

rood 

rood 

1 OOC claw 0.273 >0.07 42 '80 steady state 80 
not  m c h d  
O.14-0.7ZS l i p i d  

1 OOC hepato- 4.0 7.3 42 '100 steady s t a t e  80 
p8noreas 10-285 l i p i d  

hepato- 11.2 
pancreas 

'40 steady s t a t e  80 
not  reached . 
10-285 l i p i d  

tail 

claw 

mmcle 

'10 s t u d y  a t a t a  80 
not  r u c h d  
0.11-0.445 l i p i d  

'90 s t u d y  s t a t e  80 
not r w c h d  
0.14-0.722 l i p i d  

Hollrrua 
-1cu)ua 
American 
l o b s t e r  ,adult  

i n t r a -  PPCB 
Taloua 
0.2 .11m 

hepato- 
pancreas 

1. HER s hexachlorobipheny1 
2. PPCS s pentachlorobiphenyl 



Exposure Conditions Uptake Eliminst  
Loco- 

I s o l e r  Concen- Dun- t i o n ,  b r a -  
o r  t r a t i o n  t i o n  condi- I(em Range t ion 

~ r g a n i r  ~ o u r c e  o roc lor (ppb) ( b y e )  t i o n s  e a r  Organ ( p p d  (PW) BCF Effects (days) -nta ~ b f .  

i n t r a -  PPCB 
VeMUa 
0.2 -/kg 

IlicrodAdus 
bmcod - 
tomod,  a d u l t  

Hudson River whole 0.2 0.01- 
Estuary 1978 w/o l i v e r  0.7 
Jan-Feb L gomd 

nmr conc. i n  65 
rrger a n b a l e  

Ilicmdadus 
tacod - 
taaod, a d u l t  

Hudmn River l i v e r  37 11- 
E a t w r y  98 

1978 

Iver a b n o r u l i t y  65 
)?_ c o r m l a t a d  
l th PCB 

Hierodadus 
bmcod - 
torcod, a d u l t  

Hudwn River gomd 1.2 0.01- 
Eatrury 7.4 

1987 

e Iliarodadus 
IU - t a c o d  

t o r o d ,  a d u l t  

Hudwn River uhole 6.5 
k t r u r y  1978 

Uicrodadus 
tamcod - 
torcod, a d u l t  

Hudson River u s c l e  1.5 
k t u a r y  1978 

Hudwn River whole 7.7 
h t u a r y  1978 

Iliorodadus 
tacod - 
t d ,  e d u l t  

Hudwn River u ~ c l e  1.3 
k t u r y  1978 



f h w s u r e  Conditionr Uvtake Elimination 
Lam- T e r r i ~ l  

Iromr Concan- Dura- t ion ,  Dun- concan- 
o r  t r a t i o n  t i o n  oondi- Haan Range t i o n  t r r t i o n  S Do- 

Ormi& Source Aroclor (vvb) (days) t i o n r  e r  Orm ( v m )  ( p m )  BCP Effec ts  (days) ( v m )  c r e a m  CoMnts Ref. 

b d u S  dlu food 1254 1,000- 92 -- 
cod,adult %ooo 

0.dUr w r h u  -- food 1254 1,000- 92 
cod,adult %,OOo 

f l r h  r n t e r  1254 

f1.h food 

l i v e r s  3.5- 
3.74 

t e s t e r  0.05- 
5.3 



Exposure Conditions Uptake El in ina t ion  
Loca- T e m i r u l  

Isomer Concen- b r a -  t ion ,  b r a -  boncen- 
o r  t r a t i o n  t i o n  condi- Wan Range t i o n  t r a t i o n  $ Do- 

O r g a n i r  Souroe A r c l o r  (ppb) (days) t i o n s  Year Organ (ppm) (ppm) BCP Effec ts  (days) (ppm) creaae d n t s  Ref. 

2 !Esu  
acanthur 
apiny dogfish, 
a d u l t  

sQu8lus 
canthu8 
spiny dogfish, 
a d u l t  

s w a l u s  
acanthuq 
spiny d-?;tiah, 
a d u l t  

BSs!!E 
a c u r t h w  
a p h y  dogfish, 
a d u l t  

Sprulus 
acanthus 
apiny dogfish, 
a d u l t  

intr8- PPCB 
T m o u l  

0.2 
rrnu 

i n t r a -  PPCB 
TeM)\Ia 

0.2 
mnu 

PMncimnnn l i v e r  1.9 
w* la 

F ' r e n c h n s  kidney '0 .2 
8 .Y ,  nE 

l i v e r  

kidney 

h e a r t  

1. PPCB =pentaohlorobipbenyl 



Exposure Cond it ions Uptake Elimination 
Loca- Terminal 

Iscar Concen- Dura- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  oondi- Iban Range t i o n  t r a t i o n  $ Do- 

Rgani-  Source Aroclor (ppb) (days) t i o n s  e r  Organ ( p p )  ( p p )  =? Effec ts  (days) ( p p )  c rease  (hmant.8 Ref. 

.#II PCB Denurk 1972 2.2 i n d u s t r i a l  a re8  156 

PCB 4x10~  49 low eM 
production 
Md hatchabi l i ty  

1254 s i n g l e  
dose 

shor t  term 156 

black duck 

low egg 
production 
Md. hatchabi l i ty  

chioken, in-  1242 
og&~hiok  J.0t.d \ 

ohiokon, hons food 1232 2 . 1 0 ~  
M d  . 
1254 

r i n g  doves 1254 1x10~  35 

la, h t o h i n g  
rate in need 
generat ion 

PCB l i v e r  345 502 morta l i ty  15 



Exposure Condit ions Uptake Eliminat ion 
Loca- Terminal 

Isomer Concen- Dura- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- Mean Range t i o n  t r a t i o n  5 De- 

Organism Source Aroclor (ppb) (days) t i o n s  Year Organ ( p p d  (ppm) BCF Ef fec t s  (days) ( p p d  c rease  C o l a n t s  Ref. 

e i d e r  PCB 

ducks, 
purple  
sandpipers  

woodcock 

s t a r l i n g  

PCB 

PCB 

PCB 

Denmark 1974 ad i -  2.2 1.2-3.3 
West Coast pose 
o f  Greenland 

USA 1973 wings 6.5 4.27-8.63 
(11 s t a t e s )  

Norway 1970 b r e a s t 0 . 0 1 4  
muscle 

whole b i rd ,  156 
p t r a c t e d  l i p i d  
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Exposure Conditions Uptake Elimination 
Loca- Terminal 

Isomer Concen- Dura- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- Mean Range t i o n  t r a t i o n  $ De- 

O r g a n i a  Source Aroclor (ppb) (days) t i o n s  Year Organ (ppm) (ppm) BCF Effec ts  (days) (ppm) crease C o l e n t s  Ref. 

birds,  a d u l t  PCB 

, PCB 

PCB 

PCB 

PCB . 

PCB 

PCB 

PCB 

PCB 

PCB 

North 
At lan t ic  . l i v e r  24 

f a t ,  535 
l i v e r  311 

f a i l u r e  o f  
limb ~ 0 0 r d i ~ -  
t ion ,  convulsions 

2.0- 
847 

5- 
6.2 

wasted and 15 
underweight 

156 

156 

156 

156 

156 

156 

156 

156 

156 

19 nat ive  
b i rd  species,egg 

t e r r e s t r i a l  and 
aquatic  b i r d s  

Spain 1974 

carnivorous 
b i rds  

Norway 1972 breas t  3.0 
muscle 

t e r r e s t r i a l  
predatory b i rds  

Denmark & 1971 
Greenland 

l i v e r  137 

Bird feeding 

e r a p t o r s  
England 1978 l i v e r  70 

4 
freshwater f i sh-  
e a t i n g  b i rds  

England 1968 l i v e r  900 

f i sh-aa t ing  
b i rds ,  egg 

Upper Great 1973 
Lake S t a t e s  

1 

Louisiana 1973 f ish-eat ing 
b i rds ,  egg 

Podiceps 
gr i segna  
red-necked 
webe a88 

Upper Great 1973 
Lake S t a t e s  



Exwsure Conditions Uptake Elimination 
Loca- Terminal 

Isomer Concen- Dura- t ion,  Dura- concen- 
o r  t r a t i on  t i on  condi- Mean Range t i on  t r a t i on  s De- 

Organism Source Aroclor ( P P ~ )  (days) t ions  Year Oruan ( e m )  (DM) BCF Effects (days) ( ~ w )  crease Ccments Ref. 

pelicans 

Pelecanus 
occidentalis  
brown pelican, egg 

Pelecadus 
occidentalis  
brown pelican, 

Worus bassanus -- 
gannets 

PCB 

PCB 

PCB 
PCB 
PCB 
PCB 
PCB 

PCB 

-e Phalacrocorax 
00 aur i tus  

double-crested 

PCB 

South 1973 adipose 2.24 
Dakota 

USA 1971 6 <1.0-11 

South 1970 6.1 5-74.5 
Carolina 1971 5.2 3.9-70.5 

1971 6.5 1.5-36.5 
1972 7.5 2.6-32.3 
1973 4.7 0.9-19.3 

England 1973 l i ve r  7,155 4,720- 
E. & W. 9,570 
Coasts 

Canada, 1972 45.6 
New 
Brunswick 

Canada 1972 breast 3.38 
USA muscle 

cormorants 

cormorant 

PCB 

PCB 

PCB 

Denmark 1974 31.7 26.30 
West Coast 37.10 
of Greenland 

The 1972 brain 190 
Netherlands l i v e r  319 

The 1973 carcasses 0.75 0.50-1 
Netherlands brain 0.69 

dead 

dead 



Exposure Conditions Uptake Elimination 
Loca- Terminal 

Isomer Concen- Dura- t ion ,  Dura- concen- 
or t ra t ion  t ion  condi- Uean Range t ion  t ra t ion  5 Do- 

O r g n i ~  Source Aroclor (ppb) (days) t ions  Year Organ (ppm) (ppm) BCF Effects (days) (ppm) crease Comments Ref. 

Uergus mer~anser PCB 
c o m a  merganser 
egg 

k r g u s  sp. 'PCB 
red crested 
merganser, egg 

Haliaectus 
leucocephalus 
bald eagle 

Haliaectus 
leucocephalus 
bald eagle 

PCB 

PCB 

Upper Great 1973 260.2 
Lake Sta tes  

Upper Great 1973 489.0 
Lake Sta tes  

Northeastern 1966- 434 
USA and 1973 
Ontario 

USA 1971 carcasses 155 .30-290 
(17S ta t e s )  1971 brain 75 .lo-150 

1972 carcasses 600 .60-1200 
1972 brain 95 .65-190 

USA 1972 brain 235 

Hsli.ectus 
leucocephalus 
bald eagle, egg 

Haliaectus 
leucocephalus 
bald eagle, egg 

white-tailed 
eagle, adul t  

white-tailed 
eagle 

PCB 

PCB 

PCB 

PCB 
PCB 
PCB 

PCB 

PCB 

Kodiak, 
Alaska 
Admiral 
Is b 
k i n e  

Florida 
Michigan 
Minnesota 

USA 



Exposure Conditions Uptake Elimination 
Loca- Terminal -~ -- 

Isomer Concen- h r a -  t ion ,  
or t r a t i on  t i on  condi- Mean Range 

Dura- coneen-- 
t ion  t r a t i on  5 DO- 

Oraanism Source Aroclor (vvb) (days) t ions  Year Oraan (vom) BCF Effects (days) (porn) crease Comments Ref. 

white ta i led  
eagle, adult  

PCB Sweden muscle 215 190-240 
brain 29 

) ~pula t ion  on 60 
decline 

Pandion 
haliactus 
osprey 

PCB Finland 1972 25 

Falco - PCB 
peregrinus 
peregrine falcon 

USA 1970 2,000 

Falco - 
peregrinus 
peregrine falcon 

USA 2, OM) 156 

Falco - 
Ul peregrinus 
0 peregrine falcon, 

young 

Vestern 1970 adipose 
shorn of t i s sue  
USA 

PCB 

PCB 

PCB 

PCB 

Palco - 
colurbiarus 
merlin, adul t  

Lake 1968- 196 
Michigan 1969 

1 

Lake 1968- 28.6 
Hichilpn 1969 

Palco - 
swrver iua  
sparrow hawk 

The 1969- 47 
Netherlands 1971 

heron, adul t  USA 900 156 



Exposure Conditions Uptake Elimination 
Loca- Terminal 

Isomer Concen- Dura- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- k a n  Range t i o n  t r a t i o n  5 De- 

Organism Source Aroclor (ppb) (days) t i o n s  Year Organ ( p p d  (ppm) BCP Effec ts  (days) (ppm) crease C4 

g u l l s  and skuas, PCB 
l a r g e  

c- g u l l  PCB 

g u l l  

her r ing  g u l l  

her r ing  g u l l  

VI her r ing  g u l l s  
A 

her r ing  g u l l ,  
em 

t e r n s  

PCB 

PCB 

PCB 

PCB 

PCB 

PCB 

Scotland- 1972 muscle 535 
Arctic and l i v e r  

Norw~y 1971 0.4 t race-  
0.8 

New 1972 7.4 
Brunauick 

France 1973 0.8 

Norway 1971 19.1 0.2-38 

Bay o f  1972 0.1 
hndY 

Bay of 1972 adipose 
Fundy 

Upper Great 1973 2,224 ', Lake S t a t e s  

USA 1973 300 
4 

Long 1971 b a s t  90 5-175 
Island m s c l e  
Sound 



TABLE 13 (Cmtinued). BI-TIOl W WFETS OF P C b  IM AVIAN TEUl'Im 

Exposure Condit ions Uptake Eliminat ion 
Loca- Terminal 

Isomer Concen- b r a -  t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- b a n  Range t i o n  t r a t i o n  I De- 

Organisn Source Aroclor (ppb) (days)  t i o n s  Year Organ (ppa)  (ppm) BCF E f f e c t s  (days)  (ppm) c r e a w  C a a n t s  Ref. 

t e r n s ,  young 

Urla - 
common murre, egg 

Cevvhus g r y l l e  
gui l lemot 

Cepvhus g r y l l e  PCB 
guil lemot 

V1 Cevvhus g r y l l e  
IU g u i l l e a o t  

Cevphua g r y l l e  
g u i l l e m t ,  egg 

Cepvhus g r y l l e  
guilemot, egg 

Eagle owls 

PCB 

PCB 

PCB 

PCB 

PCB 

PCB 

PCB 

&ea t  Gull  1969- b r e a s t  25 
I s l and  1970 muscle 

Cmgon 1969 bra in  4,000 
Coast 

Fara l lon  1971 l i p i d s  168 
I s l and  

England, 1973 c a r e a s s a s  3 
I r i s h  Sea 1973 l i v e r  50 

1973 carcasses  1.0 
l i v e r  0.53 

Sweden, 1969 
B a l t i c  

Denmark, 1974 
West Coast 
o f  Greenland 

B a l t i c  
Sea 

I Sweden 

f a t  

Sweden 1973 bra in  260 
SE Coast 1973 b r e a s t  110 

muscle 

dead 

s h o t  

0 

156 

dead b i r d s  156 

156 

156 

156 

156 

156 

60 

60 

Found dead 156 





Exposure Conditions Uptake . Elimination 
Loca- Terminal 

Isomer Concen- Dura- t i o n ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- Mean Range t i o n  t r a t i o n  $ De- 

Organism Source Aroclor (ppb) (days) t i o n s  Year Organ (ppm) (ppm) BCF E f f e c t s  (days) (ppa) c rease  C o r e n t s  Ref. 

mink food 1254 5,000 reproductive 
f a i l u r e  

minks (found 
dead) 

PCB New 1977 
Fag land 

79 x amount 156 
de tec ted  i n  minks 
i n  1974 

American mink PCB Sweden 1973 muscle 0.58 
adipose 45 

fox PCB Germany 1974 adipose 2.5 1 art o f  5 156 
-plea 

60 
60 
60 

s e a l ,  a d u l t  
s e a l ,  PUP 
s e a l ,  a d u l t  

PCB 
PCB 
PCB 

B a l t i c  f a t  310 
Sea f a t  65 

milk 30 

ul sea  l i o n  
t 

PCB South 
Cal i fo rn ia  

high r a t e  o f  
premature b i r t h s  

monkeys lower f e r t i l i t y  
lower b i r t h  weight 

macaca m l a t t a  -- 
monkey 

h a i r  l o s s  
f a c i a l  edema 

macaca mulat ta  -- 1248 2.5x103 
monkey 

f a c i a l  edema acne 
developed 1-2 mos 

l e s i o n s  w v e r e  156 
i n  females, 
moderate i n  males 

rhesus monkey 1248 %lo5 tumor of  s toaach l i n i n g  156 

rhesus monkey 1248 2.5x104 h a i r  l o s s ,  acne a f t e r  1 month 156 



Exposum Conditions Uptake E l h i n a t i o n  
Loca- T e n i n n 1  

Ismar Concen- Dun- t ion ,  Dura- concen- 
o r  t r a t i o n  t i o n  condi- lkan Range t i o n  t r a t i o n  $ b- 

Ornanisll Soume Aroclor b o b )  (days1 t i o n s  Year Oman ( ~ c m )  ( o m )  BCF Effec ts  (days) ( ~ m l  crease Caants Ref. 

rhesus .onkey c301 4,000 28 

rhesus wnkey 

rhesus monkey, C30 
l a c t a t i n g  

c e n t r a l  nervcus 
system degeneration 

degenerative 
changes i n  l i v e r  

degenerative 
changes i n  l i v e r  
o f  i n f a n t  

done dependent 156 

s l i g h t  to 156 
moderate 

1. C30 = t l p h e n  A 30 



summarize data in the literature relating to the bioaccumulation 

and effects of PCBs. The data in these tables are arranged by 

habitat and trophic level. 

Biodegradation 

Many factors affect the rate and extent of biodegradation 
- 

of PCBs in the environment, including the percent chlorine 

"-- 
composition of the isomers and Aroclor blends; the concentration 

of the compound; temperature; moisture; indigenous microbial 

*-. population; aerobic or anaerobic conditions; presence of other 

carbon sources; and other factors, many of which are not well 

understood. PCBs are fairly resistant to biodegradation, 

however, isomers with fewer than four chlorine atoms per ring do 

degrade in a variety of environmental media (Callahan et al., 

1979 , Smith et al. 19-0). 
Biodegradation of the lower-chlorinated isomers occurred 

in activated sludge (e.g., metabolism by bacteria),with 81 

percent degradation of Aroclor 1221 in 48 hours, (Griffin and 

Chian, 1980) and with mixed cultures of soil microbes. 

Generally, bacteria are not able to metabolize PCB compounds with 

more than three chlorine atoms per ring. Higher organisms are 

more able to metabolize the higher-chlorinated PCB compounds. 

(Nisbet, 1976). Aquatic invertebrates can slowly metabolize 

tetrachlorobiphenyls (four chlorines per ring) and 

pentachlorobiphenyls (five chlorines per ring). Birds and 

mammals metabolize these compounds more readily, but have 

difficulty with hexachlorobiphenyls (six chlorines per ring) and 



They adsorb readily to organic detritus, clay, and phytoplankton 

(Harding and Phillips, 1978), and enter higher trophic levels 

through the ingestion of food, sediment and water, with 

subsequent absorption in the gut; absorption through respiratory 

surfaces; or adsorption to the body wall or exoskeleton (Swartz 

and Lee, 1980). 

Both sediments and ambient water have been shown to 

contribute to the bioaccumulation of PCBs. Kiel et al. (1971) 

reported Aroclor 1242 concentrations in the marine diatom 

Cylindrica closterium 1100 times that of the ambient water. 

Similarly, Fowler et al. (1978) reported PCB bioconcentration 

factors in Nereis diversicolor, an annelid worm, of 800 in water 

and 3.5 in sediment. A similar range of bioconcentration 

factors is reported in Tables 2 through 15. The laboratory 

determination of the bioaccumulation potential of PCBs, which was 

used in the establishment of EPA criteria, was shown to be around 

274,000 times the PCB level in the test water (Nisbet, 1976). 

Based on the relative concentrations in the water and sediments, 

Fowler et al. determined that 85 percent of the PCB body burden 

- in - N. diversicolor could be accounted for by direct uptake from 

the sediment, due to the relative concentration of PCBs there. 

Indications in that study were that the particulate fraction of 

the sediments had higher bioavailability than the interstitial 

water. 

PCBs are strongly lipophilic (lipid loving), and thus one 

of the most significant factors affecting their accumulation and 



partitioning in biota is the lipid content (fatty substances) of 

individual organisms. For both carp and channel catfish, Hunter 

et al. (1980) reported a positive correlation between the amount 

of lipid in fish fillets and the concentration of PCBs. Thomann 

et al. (1980) reported that PCB concentrations in striped bass 

were not significantly correlated with lipid content, however, 

such a correlation was found in trout, salmon and carp data cited 

by Thomann and St. John (1979). Graham (1976) found that the 

mean PCB level in fish oil was 32 times that of fish meal from 

which most of the oil had been extracted. 

Due to variations in the lipid content of different 

tissues, and other metabolic differences, the bioaccumulation of 

PCBs can also vary within an individual organism. The data of 

McLeese et al. (1980) revealed that the hepatopancreas (tomalley) 

of lobsters had significantly higher PCB concentrations than 

either the tail or claw, with the tail having the lowest 

concentrations. Similar studies of lobsters dosed with PCBs 

revealed concentrations of Aroclors 1242 and 1254 in the 

hepatopancreas to be 15 times higher than those in the muscle, 

and concentrations in the eggmass 1.8 times higher than that of 

the hepatopancreas (Bend et al., 1976). Hansen et al. (1971 ) 

reported that concentrations of Aroclor 1254 in spot, an 

estuarine demersal fish, were highest in the liver, followed by 

the gills, the whole fish, the heart, the brain, and the 

muscle. Additionally, Klauda et al. (1981) noted PCB 



concentrations in the liver of tomcod 30 times higher than in the 
-. 

gonad, and 184 times higher than in the remainder of the 

organism. 

Rapid decreases in PCB concentration during spawning were 
rrr u r r ~  ~arucuca. ruuo, ~ I I C  DCA arlu I-cyl-uuuvb~ v c  ababc u r  arl 

organism may influence the bioaccumulation rate, due to metabolic 

changes in lipid deposition (e.g. with many species, females tend 

to be larger and have a higher lipid content than males). 

Variation in rates of PCB bioaccumulation among individual 

organisms of the same species may also be attributed to the sex, 

size, and age of the organisms. For both plankton and fish, 

increasing organism size appears to relate to increasing 

concentration. Older fish may retain higher body burdens of PCB, 

due to reduced excretion rates (Thomann and St. John, 1979). 

Fish experiencing highly variable temperatures and faster growth 

rates have been found to accumulate PCBs at a faster initial 

rate, and to achieve significantly higher concentrations at high 

body weights (Spigarelli et al., 1983). The effect of 

temperature fluctuations is attributed to associated increases in 

feeding, growth, and lipid deposition, which thereby enhance the 

uptake of lipophilic compounds. 

The reproductive state, size, and age of an organism may 

also be related to changes in habitat, which in turn can affect 



PCB uptake. The American eel for example, is a catadromous fish 

which spawns in the Sargasso Sea, but spends most of its life in 

coastal estuaries and freshwater streams. The females move 

further inland than the males. Generally, eels seek a muddy 

bottom habitat and lie buried in the mud during the daytime, and 

most of the winter (~igelow and Schroeder, 1953). Consequently, 
- - 

eels are most likely to accumulate substances like PCBs during 

the portion of their life cycle which brings them closest to 
- 

sources of contamination. Their extensive contact with bottom 

- sediments and absence of large surface scales, as well as their 

high lipid content, make them particularly susceptible to PCB 

accumulation. Fisheries data collected by Graham (1976) supports 

this conclusion. In a survey of PCB levels in commercial marine 

fish harvested in Canada, Graham found average concentrations of 

0.56 ppm PCB in eels caught in marine waters and 7.27 ppm in eels 

caught in the St. Lawrence River. Eels from the St. Lawrence 

were higher in PCB concentration than any other commercial 

species. Of the freshwater eels, the smallest individuals 

averaged 2.95 ppm PCB, and the largest averaged 12.37 ppm. This 

distinction may have been related to body size alone, or to 

sexual differences, since females are generally larger than 

males. 

Bioaccumulation of PCBs can reach an equilibrium, with the 

steady state concentration varying according to the species, the 

tissue, and the PCB source and concentration. Sanders and 

Chandler (1972) observed a time of 7 days to a steady state 

6 1 



concentration in mosquito larvae, and more than 21 days in glass 

shrimp. Striped bass larvae reached steady state in 48 hours, 

with 80 percent of the final concentration accumulated during the 

first 12 hours (Califano et al., 1980). This relatively short 

time to equilibrium may have been due to PCBs becoming limited in 

the system, as the larvae had already accumulated 60 percent of 

the available PCB. Spot took 42 days to reach an equilibrium 

concentration (Hansen et al., 1974). In all of the above 

studies, the source of the PCBs was ambient water containing 

between 1 and 1.5 ppb Aroclor 1254. Time to equilibrium is 

quicker in ingestion of water than by other sources. When the 

time to equilibrium is longer, an organisms physiological state 

may change such that a true equilibrium is never reached (Nisbet, 

1976). 

As with the actual bioconcentration factors, different 

tissues within an organism exhibit different equilibrium 

dynamics. In a study of lobsters fed mussels containing two of 

the PCB isomers, tetrachlorobiphenyl and hexachlorobiphenyl, 

concentrations of both isomers in the lobster hepatopancreas 

reached a steady state in 28 days, but the tail and claw tissue 

levels were still increasing after 42 days (McLeese et al., 

1980). 

Similar trends in the rate of depuration after removal of 

the PCB source seems to indicate a reversible metabolic 

process. In the lobster study described above, 80 percent of the 

tetrachlorobiphenyl was purged from the tail and claw tissue in 6 



weeks, at which time concentrations in the hepatopancreas had 

decreased by only 60 percent. Results were similar for 

hexachlorobiphenyl, with a 90 percent decrease in the claw and 40 

percent decrease in both the tail and the hepatopancreas (McLeese 

et al., 1980). Bend et al. (1976) also reported that the muscle 

tissue of lobsters depurated much more quickly than either the 

hepatopancreas or egg masses. 

Depuration studies of oysters showed a decrease in PCB 

concentration to a steady state level, which was possibly 

sustained by the resuspension of contaminated sediments (Wilson 

and Forester, 1978). Califano et al. (1980), demonstrated that 

larval striped bass placed in clean seawater for 48 hours 

eliminated 18 percent of the total PCBs they had accumulated. 

The rate of elimination was reportedly fastest during the second 

24 hours. 

Trophic Transfer 

The bioconcentration of PCBs in a sector of the food web 

is affected not only by the ambient environment and organismal 

morphology/physiology, but also by the food sources of the 

organisms. Accumulated PCBs are readily transferred from prey to 

predator. In a study of PCB bioconcentration in brown trout, 

Spigarelli et al. (1983) determined that less than 5 percent of 

the total accumulated PCBs were derived from ambient water, with 

the remainder coming from the food source, in this case, alewife. 

As PCBs are transferred to successive trophic levels, 

their concentrations can be magnified. Thomann et al. (1980) 



reported a 10 fold increase in estuarine food chain PCB concen- 
-- tration from phytoplankton to striped bass in the Hudson River 

Estuary. Trophic transfer of PCBs does not, however, always 

result in the magnification of PCB concentration, due to 

v a r i a t . i n n a  i n  d i e t  

detritus and plant material, all of which can accumulate PCBs 

from contaminated sediments. In an Oklahoma stream where the 

sediments were heavily laden with PCBs, Hunter et al. (1980) 

determined that the concentration of PCBs in detritovores (carp) 

was significantly greater than in either omnivores (catfish) or 

carnivores (bass and crappie). However, other factors may have a 

stronger influence on PCB accumulation than does the diet. 

Graham (1976) found that, of the commercial marine fish caught in 

Canada, demersal (bottom dwelling) species generally had a lower 

PCB body burden than did pelagic (open water) species. One 

explanation for this might be a higher average lipid content and 

body size in the pelagic species. Bluefin tuna, a high trophic 

level consumer and probably the largest of the commercial 

species, had average PCB concentrations of 2.6 ppm, more than 6 

times that of other pelagic fish (0.4 ppm), and 25 times the 

average concentration of the demersal fish. 



Migration 

The migration of organisms, e.g. the seasonal movement of 

birds or the passage of eel larvae from the ocean to inland 

streams, necessarily results in the migration of any toxic 

substances which they have bioaccumulated. Thus, the fate of 

PCBs in the environment can be far more complex and far-reaching 

than can be described by physical transport processes alone. In 

the Hudson River Estuary, for example, a wide range in PCB 

concentrations in striped bass is attributable to the seasonal 

migration characteristics of these anadromous fish (Thomann and 

St. John, 1979). Concentrations in eels will also vary 

significantly with their migratory patterns. Fall sampling of 

eels from an estuary, for example, might reveal significantly 

higher PCB concentrations than would sampling in the spring, 

since the fall catch would include large females returning to the 

sea from inland waters, and the spring catch would consist 

primarily of resident males and young females in the process of 

moving landward. Consequently, migration can have a significant 

effect on both the flux of PCBs in the environment, and the 

variation in concentration of PCBs in the biological community of 

any given locale. 



Johansson et al, 1970; Jenson, 1970); and birds, mink and sea 

lions (Wassermann et al., 1979). Relatively low levels of PCB 

have been reported to inhibit the growth, photosynthetic activity 

and productivity of phytoplankton (Biggs et al., 1980) and 

diatoms (Moore and Harriss, 1972; O'Connors et al., 1978; Mosser 

et al., 1977; Fisher, 19751, and the growth of lake trout 

(Walker, 1976). Particularly in complex ecosystems, e.g. 

estuaries, any such impacts on the lowest tropic levels can 

profoundly affect the entire ecosystem. 

PCBs exhibit selective toxicity, whereby different 

biological species vary in their sensitivity to the chemical 

compounds. For example, 100 ppb of Aroclor 1254, with 48 hours 

exposure time was reported to have no effect on juvenile pinfish, 

but was 100 percent lethal to pink shrimp (Duke, 1974). 

Sheepshead minnow fry are considered to be the most sensitive 

estuarine organism, with 50 percent mortality at 0.1 ppb Aroclor 

1254 and 100 percent mortality at 3 ppm, a level at which adults 

were unaffected after 4 weeks (Duke, 1974; Schimmel et al., 

1974). This selective toxicity can significantly affect the 

community structure in an ecosystem. PCB concentrations of 5 to 

10 ppb, for example, have been found to inhibit the growth, 

photosynthesis and productivity of Chlorella, altering its 

species composition and size (Biggs et al., 1980), while a 

concentration of 1000 ppb did not inhibit the growth of another 

green flagellate, Dunnaliella tertiolecta. Concentrations up to 

10 ppb PCB even increased the competitive success of this 

organism (Mosser et al; 1977). 
67 



above that of the ambient environment, and beyond the threshold 

of toxicity. 

From a review of selected literature, it is obvious that 

the chemical, physical and biological characteristics of PCBs 

affect their transport, fate and effects in the environment. 

This general review serves as the foundation for interpretation 

and comparison of the Acushnet Estuary PCB data base; for 

identification of critical data deficiencies; and development of 

resource management decisions related to effective remedial 

action. 





SECTION 2 

ASSESSHENT OF THE ACUSHNET ESTUARY 

PCB DATA BASE 

Data Management 

General 

The Acushnet Estuary PCB base presently contains more 
- - - 

than 5,000 individual data entries, representing approximately - --- 
3,700 PCB analyses and 1,400 analyses of other parameters, 

primarily heavy metals. It reflects the efforts of 21 data 

collecting agencies and 23 analytical labs over the past ten 

years. Almost all of the data contained in the file are from the 

Acushnet Estuary, surrounding land, and adjacent Buzzards Bay. 
\ - _---- - 
Each data entry includes the following information, where 

relevant and available: 

. Sample identification (sample, station and lab 

numbers). 

. The agency which performed the study. 

. Sample type, in several levels of detail. 

. Location of sampling (x, y coordinates) and date and 

time of sample collection. 

. The lab which performed the analysis, the date of 

analysis, and the analytical methods used. 

. The parameter analyzed, measured concentration, units 

of measurement, detection limit, and solids content of 

the sample. 

. Any additional information and comments. 



Data Evaluation 

In order to ensure the quality of the data base, all of 

the data were screened using criteria developed to evaluate the 

reliability of each measurement. Based on this evaluation, the 

data were divided into three categories: "reliablen data, or 

those for which the sample collection and analytical methods were 

documented and possess a reliability worthy of the fullest 

confidence; ~incompletew data, for which the documentation 

necessary to ascertain the reliability was unobtainable; and 

nunusablew data, which possessed collection and/or analytical 

deficiencies which precluded their use. 

Figure 2 illustrates the procedure used in evaluating the 

data. In cases where quality control documentation was not 

available to substantiate the analyses, the data was designated 

"reliablem only if the laboratory performing the analysis 

maintained State certification for the analysis of pesticides, 

herbicides and volatile organics (under Section 304(s) of the 

Federal Water Pollution Control Act), thus proven procedures (40 

CFR Part 136) were used. This certification, coordinated through 

the Quality Assurance Branch of the U.S. Environmental Protection 

Agency's regional offices, includes the comparative analysis of 

split samples by participating laboratories. 

On the basis of this data evaluation, 91 percent of the 

data base was deemed reliable, 5 percent incomplete, and 4 

percent unusable. All subsequent references in this report to 

the PCB data, unless otherwise indicated, are based only on the 

"reliablew data base. 

7 1 
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Objectives 

Once the reliability of the data base was established, its 

actual utility was examined relative to its contributing 

essential information regarding: 

. The location and severity of contamination in the 

Acushnet Estuary area. 

. The specific contaminants present. 

. The critical pathways (physical, chemical and biologi- 

cal) and fate processes acting in the transport and 

partitioning of contaminants in the estuary. 

. The implications of contamination, including public 

health hazards, the health of the ecosystem, and 

economic impacts. 

. The effectiveness and impacts of potential cleanup 

alternatives. 

The following discussion summarizes and assesses the 

existing reliable data relating to these issues in the Acushnet 

Estuary; describes the approaches used in making the assessment; 

and identifies apparent data gaps as well as critical areas 

requiring remedial action. 

Data Base Assessment 

Location and Severity of Contamination 

Table 16 summarizes the major sample types included in the 

data base. ( A  more detailed breakdown of sample types is 



TABLE 1 6 .  SUMMARY OF "RELIABLE" DATA BASE 

Number 
Sample of  Data 
Type E n t r i e s  

A i r  

Sediment 

Waste 

Water 

L o b s t e r  

Blue Mussel 

Quahog 

Winter  F lounder  

Misc.  S h e l l f i s h  
( 6  S p e c i e s )  

Misc.  F i n f i s h  
( 1 4  S p e c i e s )  

Misc.  Sample Types ( 6 )  1 9  5 



contained in Appendix A). More than 50 percent of the nearly - 
4,600 data entries represent analyses of estuarine sediments, and 

4 percent are water column analyses-from the estuary. An - ..--- 

additional 26 percent of the data are analyses of aquatic 

biota. Thus, more than 75 percent of the existing data base - - -- _ _ _---- - - - 
- 

comprises samples from the Acushnet Estuary itself, as opposed to 
_____------ -- - --- __I- 

land-based locations such as the disposal sites, industrial 

plants, and municipal facilities. This fact in itself may 

indicate a significant data gap, although the estuary is where 

the most pervasive contamination has occurred. 

The PCB data base file contains approximately 250 data 

records from analyses of various wastes. Most of these data 

represent wastewater, sediment, sludge, grit and ash samples from 

the New Bedford sewer system and water and wastewater treatment 

facilities, although there are also some data from the industrial 

processes at Aerovox Incorporated and Cornell-Dubilier 

Electronics. Of the sewer system data, the only measurable PCB 

concentrations occurred at and below the Cornell-Dublier plant. 

As recently as 1981, concentrations of 63 mg/l Aroclor 1016 were 

measured in the sewer system by the Massachusetts DEQE. Within 

the treatment facilities, PCBs are concentrated in the' sludge to 

levels as high as 190,000 ppm (dry wt) Aroclors 1242/1254. 

Studies involving the monitoring of PCB levels in the 

ambient air of the Acushnet Estuary area revealed concentrations 

(in 139 records) ranging from nondetectable to 800 ng/m3 Aroclors 

1016/1242. The highest concentrations were measured by EPA in 



1977 and 1978 at the two capacitor manufacturing plants in New 

Bedford, Aerovox Incorporated and Cornell-Dubilier Electronics. 

More recent sampling (in 1982) at these locations revealed 

significantly lower concentrations, within a range of less than 1 

to 100 ng/m3 Aroclors 1016/ 1242 in the vicinity of Aerovox, and 

less than 10 ng/m3 near Cornell-Dubilier. This recent study (by 

EPA) showed the highest ambient air concentrations (140 ng/m3 

Aroclors 1016/1242) to occur at the former dump site on 

Sullivanls Ledge. Most of the New Bedford area air monitoring 

has been conducted in areas of known or suspected PCB contamina- 

tion. There are relatively few data records representing 

ltbackgroundn PCB levels in the air around New Bedford and 

Fairhaven. 

Tables 17 and 18 summarize PCB concentrations in estuarine 

sediment and biota samples taken from the Acushnet Estuary 

itself; in the Inner New Bedford Harbor (above the hurricane 

barrier), and in the Outer Harbor (between the hurricane barrier 

and Clark's Point). Particularly in the Inner Harbor, the 

Acushnet River Estuary is one of the most severely PCB 

contaminated estuaries in the world. 

For example, sediments in Raritan Bay, at the mouth of the 

heavily PCB contaminated Hudson River between New York and New 

Jersey, contained PCBs at concentrations of 0.003 to 2.0 ppm (dry 

weight) (Stainken and Rollwagen, 1979). Bopp et al. (1981) 

reported PCB levels in the lower Hudson River of 0.7 to 5.8 ppm 

(dry weight). Sediment PCB concentrations further up the 



T A B L E  1 7 .  P C B  C O N C E N T R A T I O N S  I N  INNER HARBOR, 
A C U S H N F T  E S T U A R Y  

No. o f  
- Reco rds  Minimum Maximum Median Mean 

S e d i n e n t  s 
( p ~ x  d r y  wt.) 

A r o c l o r s  1221 ;  
1232  

A r o c l o r  

A r o c l c r  

A r o c l o r  

A r o c l o r  

A r o c l o r  

34c';s 

Quahog 

A r o c l o r  1221 ;  
1232 ;  1242  

A r o c l o r  1 0 i 6  

A r o c l o r  1248  

A r o c l o r  1254 

A ~ o c l o r  1260 

Ee 1 

A r o c l o r  1254 

W i n t e r  F l o u n d e r  

A r o c l o r  1254 

L o b s t e r  

~ r o c ' l o r  1242  

A r o c l o r  1248  

A r o c l o r  1254  

A r o c l o r  1260  



TABLE 18. PC3 C0:JCENTRATIONS IN OUTER HARBOR, 
ACUSHIjET ESTUARY 

No. of 
Records Minimum Maximum Median Mear? 

Sediments 
(p;jn dry wt,. ) 

Aroclors 1221; 
1232 

Arcclor 1016 

Arocior 1242 

Aroclor 1248 

Aroclcr 1254 

Aroclor 1263 

Eiota 
( prc wet o:t . ) - 

Aroclors 1221; 
1232; 1242 

Aroclor 1016 

Aroclor 124e 

Aroclor 1254 

Eel - 
Aroclor 1254 

Winter - Flounder 

Aroclor 1254 

Lobster - 
Aroclor 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 



Hudson River, near PCB point sources, were often greater than 50 

ppm, and seldom less than 25 pprn (Clesceri, 1980). In the 

Escambia River Estuary, Florida, sediment PCB concentrations of 

500 pprn (dry weight) near the source outfalls have been reported 

(Duke et al., 1970). In the vicinity of several wastewater 

treatment plant outfalls in the nearshore waters of San Diego, 

California, bottom sediments had a median of 0.022 pprn (dry 

weight) of PCB (Young and Hensen, 1977). 

These New York, New Jersey and Florida estuarine locations 

are referred to in the literature as being severely contaminated, 

yet none of them have measured PCB concentrations approaching the 

more than 10,000 pprn (dry weight) found in the upper portion of 

the Acushnet Estuary. The median concentration of PCBs in the 

New Bedford Inner Harbor, at 29 pprn (dry weight) Aroclor 1248, is 

a full order of magnitude higher than in most of the other 

estuarine locations studied. Only in the upstream reaches of the 

Hudson River,New York and in the Escambia River Estuary, Florida 

have such high concentrations been reported. Median concentra- 

tions in the Outer Harbor area of the Acushnet Estuary are 

comparable to concentrations in the Hudson River Estuary, 

although the latter does not have measured concentrations nearly 

as high as 100 pprn (dry weight). 

There have been 138 water column analyses in the Acushnet 

Estuary, all of which represent samples taken inside the 

hurricane barrier. Although concentrations in the water column 



were to a large extent nondetectable (<0.5 ug/l), levels as high 

as 6.1 mg/l Aroclors 1248/1254 were measured. 

PCB concentrations in biological organisms inhabiting the 

Acushnet Estuary are also indicative of contamination. 

Particularly for the Inner Harbor, however, the data are limited 

and therefore somewhat inconclusive. Of the organisms sampled, 

eels had the highest concentrations, with a median of 240 ppm 

(wet weight) Aroclor 1254 in the Inner Harbor and 14 ppm Aroclor 

1254 in the Outer Harbor. Concentrations in quahog and winter 

flounder were also higher in the Inner Harbor than outside of the 

hurricane barrier, at 0.5 and 1 1  ppm Aroclor 1254 respectively. 

Lobsters sampled from the Outer Harbor were significantly 

contaminated with PCB levels of 8.7 ppm Aroclor 1248, but there 

are no lobster data for the Inner Harbor, where concentrations 

could be expected to be higher. The levels of PCBs in the 

Acushnet Estuary biota are generally much higher than those found 

in Escambia Bay, Florida (Duke et al., 1970); Raritan Bay, 

New York (Stainken and Rollwagen, 1979); and Boston Harbor, Mass. 

(Metcalf & Eddy, 1979). 

In general, the range in PCB concentrations in the 

Acushnet Estuary is exceptionally wide, with Aroclor 1254 

analyses of Inner Harbor sediments ranging from nondetectable to 

66,500 ppm (dry weight). This wide range in concentration may be 

due to nonhomogeneity in the occurrence of PCBs in bottom 

sediments, or to variability in the analyses. Variability in PCB 

concentration in the biota is somewhat less than in the 



sediments. The influence of a few very high concentrations on a 

data set is evident in the mean concentrations listed in 

Tables 17 and 18. Particularly in the sediments, the mean values 

are well above the median concentrations measured. Statistical 

analyses of the sediment data within 1 km2 grid sections of the 

estuary revealed standard deviations greater than or equal to the 

mean. This distribution makes it very difficult to actually 

quantify the volume of PCBs in the estuary, or to comprehend the 

severity of contamination in any one area. 

A more suitable way to analyze this contaminant 

distribution is with a spatial representation, which relates a 

measured concentration to its location in the environment. 

Spatial representation is particularly appropriate for the 

estuarine data, as opposed to air data, because it varies 

spatially with changing climatic conditions, and data from the 

sewerage system, which is essentially linear, according to the 

system layout. Data from upland disposal sites, such as the 

landfill, Sullivan's Ledge, and the additional unidentified sites 

referred to in the RAMP (Weston Associates, 1983), would also 

best be analyzed in a spatial sense (on an x-y plane as well as 

over depth), however the location of sampling of these sites, for 

the limited data in the existing data base, does not contain the 

information and precision necessary for such an approach. 

Although contamination does occur at these upland sites, the 

actual distribution of PCBs within the landfill and Sullivanst 

Ledge remain essentially undefined and merits more detailed 



sampling. The focus of the remainder of this discussion is on 

the location of contamination within the Acushnet Estuary as 

defined by PCB concentrations in the estuarine sediments. 

Utilizing a purely statistical approach, a linear 

regression analysis was performed on the estuarine sediment data 

to determine whether there was any correlation between PCB 

concentration and location along the length, or y axis, of the 

estuary. Both Aroclor 1248 and Aroclor 1254 concentrations 

exhibited a statistically significant (P < 0.01) positive 
correlation with north/south position in the Acushnet River 

Estuary, north of the hurricane barrier. Sediment concentrations 

are highest at the top (north end) of the estuary, decreasing 

further south towards the mouth of the harbor. Concentrations of 

Aroclors 1016 and 1242 were not significantly correlated with 

north/south position. There was no significant correlation shown 

for concentrations of any of the Aroclors between the hurricane 

barrier and the Clark's Point/Wilbur Point transect, although 

there was (with Aroclors 1248 and 1254) for the entire length of 

the estuary, from Clark's Point to just north of Aerovox. This 

may be due either to the influence of the treatment plant 

outfalls at Clark's Point, the widening of the estuary south of 

the hurricane barrier (probably resulting in more east/west 

transport), or the relative sparseness of data in the southern 

portion of the estuary. In order to better illustrate these 

trends, and to permit the interpretation of large amounts of 



data, a graphical approach to the data presentation was 

undertaken. 

Preliminary delineation of the locations of sample 

collection and the distribution of contamination within the 

Acushnet Estuary utilized a vector based computer graphics system 

linked to the data base management system. Specific data sets, 

e.g., surface sediments, were selected, and their sample 

locations (listed as x,y coordinates in the USGS Transverse 

Mercator Grid System) were plotted on a digitized map of the 

estuary. Figure 3 is a sample of this mapping approach, showing 

sampling locations of shallow (4 to 8 cm deep) sediments in the 

estuary. Similar maps were generated for surface sediments (0 to 

4 cm) and deep sediments ( >  8 cm). 

A second set of preliminary maps, depicting the PCB 

concentrations (within range intervals) associated with each 

sampling site, was developed for inclusion in the RAMP document 

(Weston Associates, 1983). Figure 4 is an example from this map 

set. It should be noted that both of these sets of preliminary 

maps were developed prior to completion of the data evaluation. 

They represent all of the data collected since 1977, not the 

entire data base. The basic mapping approach used here 

integrated the information pertaining to the location of PCB 

sampling with that relating the PCB concentrations measured. As 
- - 

Figure 4 illustrates, however, the large amount of data collected 

within relatively small areas of the estuary make the map 

somewhat nbusyn, and difficult to interpret. In order to provide 



ESTUARINE SEDIMENT DATA 
SOURCE : EPA REGION I ACUSHNET ESTUARY 

PCB DATA MANAGEMENT SYSTEM 
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FIG. 3 SAMPLING LOCATIONS - ESTUARINE SHALLOW SEDIMENT DATA 
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NEW 

ESTUARINE SEDIMENT DATA 

LEGEND 

CONCENTRATION RANGE 
MAP SYMBOL (PPM DRY WT) 

1 <1 
2 1-10 
3 10-50 
4 50- 100 
5 100-500 
6 500- 1000 
7 1000-10,000 
8 >10,000 

SOURCE: EPA REGION I ACUSHNET ESTUARY 
PCB DATA YANAGENENT SYSTEM 
30 NOVEMBER, 1982 

FIG. 4 ESTUARINE SED1;SIENT DATA - AROCLOR 1254 

M E T C A L F  I3 E D D Y  



employed using color rastar graphics. 

In this approach, sampling points were color coded 

according to the measured PCB concentration, in half-step log 

intervals. Ten colors were used to represent a range in 

concentration from less than 1 ppm (blue) to greater than 10,000 

ppm (red) (Figure 5). These maps, the upper portions of which 

are presented in Figures 6 through 13, were prepared for each of 

four data sets: Aroclor 1248 in surface sediments; Aroclor 1254 

in surface sediments; Aroclor in 1254 shallow sediments; and 

Aroclor 1254 in deep sediments, all derived from the entire 

reliable data base. 

These color coded point maps are highly informative, 

regarding both the distribution of PCB contamination throughout 

the estuary, and the location of sampling efforts. The highest 

PCB concentrations occur in the upper end of the estuary, in the 

vicinity of the Aerovox Incorporated plant. This is also the 

location which has received the highest intensity of sampling. 

PCB concentrations measured in the area are primarily in the 

1,000 to 5,000 ppm (dry weight) range, with some measurements 

above 10,000 ppm, and some below 1 ppm. Thus, PCB distribution 

in this highly contaminated area is somewhat "patchyw. It may be 

that the mud flats along the shore of the river contain pockets 

of PCB-laden oils in some places, whereas other portions of the 

river have been swept relatively clean. Variations in measured 









































to the upper estuary, north of the Coggleshall Bridge. The high 

PCB concentrations in that area appear to emanate from the 

industrial complexes on the western shore of the river. In 

addition, some trapping of sediment PCBs behind land barriers at 

the bridges, and particularly at the hurricane barrier, is 

indicated. 

Comparing the six maps of Aroclor 1254 concentrations 

(Figures 16 through 21), the highest concentrations in the upper 

estuary are in the shallow sediments, 4 to 8 cm deep. This is 

probably due to the fact that PCB discharge to the estuary was 

ended in 1977, and the most contaminated sediments have been 

covered by cleaner sediments since then. In the outer portions 

of the estuary, higher concentrations appear on the maps in the 

surface sediments than in deeper sediments. However, comparing 

the sampling point maps shows this to be because very few subsur- 

face sediment samples were collected in the areas of highest 

surface sediment PCB concentration; around the treatment plant 

outfalls, the discharge pipe from Cornell-Dublier Electronics, 

and the CSO's in Clark's Cove. Thus, concentrations in the 

shallow and deeper sediments in these three areas are unknown. 

Given the historical deposition pattern indicated in the upper 

estuary, these subsurface sediments may be even more contaminated 

than the 10 to 50 ppm (dry weight) of PCBs in the surface 

sediments, and than the less than 5 ppm which they are shown to 

be on the contour maps. Consequently, additional sampling in 



shallow and deep sediments in these areas is prescribed for 

development of effective remedial action. 

To some extent, data gaps such as these are identified by 

the Kriging process, in the black nundefinedw areas predominating 

in the outer estuary. However, as with any statistical model, 

interpretation of these contour maps must be approached with 

caution. The contours portray the average concentration measured 

within an area of approximately 2,500 square meters. Thus, they 

tend to smooth out some of the patchiness of the data. Given the 

high variability in PCB analysis and the relative imprecision of 

sample location, this results in a more conservative approach. 

However, a few extremely high measurements do tend to inflate the 

average concentration shown for a given area (e.g., at the 

northern end of the estuary). In addition, PCB levels are 

portrayed by the model as emanating from a source in all 

directions; a more detailed transport modeling is required to 

determine the actual direction(s) of travel. Consequently, these 

contour maps would best be used in conjunction with the point 

maps portraying the individual sample locations; the actual data 

listed in the data base file; and a reliable model of PCB 

transport in the estuary. Used in this manner, they provide an 

invaluable management tool in portraying the location of PCB 

contamination throughout the Acushnet Estuary. 

Specific Contaminants Present 

As is shown in Table 19, almost half of the PCB analyses 

conducted on samples from the Acushnet Estuary area have been 





q u a n t i t a t e d  i n  terms of  A r o c l o r  1254,  imp ly ing  t h a t  t h e  d i s t r i b u -  

t i o n  o f  PCB i s o m e r s  i n  t h e  s amples  t a k e n  are d i s t r i b u t e d  on a g a s  

chromotogram i n  a c o n f i g u r a t i o n  mos t  similar t o  t h e  A r o c l o r  1254 

s t a n d a r d .  The d a t a  p r e s e n t e d  ear l ie r  i n  T a b l e s  17 and 18 ,  

however,  i n d i c a t e  t h a t  PCBs r e s e m b l i n g  t h e  A r o c l o r  1248 

c o n f i g u r a t i o n  are a l s o  p r e s e n t  i n  h i g h  c o n c e n t r a t i o n s  i n  t h e  

e s t u a r y ,  p e r h a p s  even  h i g h e r  t h a n  as A r o c l o r  1254. I n t e r e s t i n g l y  

enough, n e i t h e r  o f  t h e s e  commercial  PCB m i x t u r e s  was e v e r  u sed  i n  

l a r g e  q u a n t i t i e s  by t h e  l o c a l  i n d u s t r i e s .  The two c a p a c i t o r  

m a n u f a c t u r e r s  i n  N e w  Bedfo rd ,  C o r n e l l - D u b i l i e r  E l e c t r o n i c s  and 

Aerovox I n c o r p o r a t e d ,  u sed  p r i m a r i l y  A r o c l o r  1242 p r i o r  t o  1971, 

r e p l a c i n g  i t  w i t h  A r o c l o r  1016 u n t i l  1977. A r o c l o r s  1254 and  

1252 were used  i n  lesser q u a n t i t i e s  (Weaver, 1982) .  Even s o ,  t h e  

measurements  which have  been made o f  t h e  l o w e r  c h l o r i n a t e d  

A r o c l o r s  1242 and 1016 r e v e a l  s i g n i f i c a n t l y  l ower  c o n c e n t r a t i o n s  

i n  t h e  e s t u a r i n e  s e d i m e n t s  and  b i o t a  t h a n  measurements  o f  

A r o c l o r s  1248 and 1254. T h e r e  are no d a t a  on A r o c l o r  1252 

c o n c e n t r a t i o n s .  

The f a c t  t h a t  most  of t h e  PCB a n a l y s e s  have  been 

q u a n t i t a t e d  i n  terms o f  A r o c l o r  1254 may be  due  t o  t h e  f a c t  t h a t  

many l a b s  u s e  t h a t  s t a n d a r d  as common p r a c t i c e ,  n o t  n e c e s s a r i l y  

because  i t  is most a p p l i c a b l e  t o  t h e  sample  chromatogram. 

F a r r i n g t o n  e t  a l .  (1981)  e x p r e s s e d  c o n c e r n  t h a t  t h i s  was t h e  case 

and t h a t ,  s i n c e  t h e y  were f i n d i n g  m o s t l y  A r o c l o r s  1016 and  1242 

i n  t h e  Acushnet  E s t u a r y  s e d i m e n t s ,  t h e  s t a t e  o f  t h e  a r t  methods  

which measured o n l y  1254 were low by a f a c t o r  o f  two o r  more. 



essentially for purposes of quantification and evaluation of the 

overall PCB contamination problem. The distinction can not be 

applied when it comes to remedial action as the individual 

Aroclors can not be isolated, nor can it be used to conclusively 

link the contamination with PCB sources, due to the changes in 

composition which can not be quantified. 

In addition to its extensive PCB contamination, the 

Acushnet Estuary has significantly high levels of trace metals, 

particularly chromium, copper, lead and zinc. It has been 

estimated that the three major contaminant metals, copper, 

chromium, and zinc, form more than one percent of the dry weight 

of harbor sediments (Summerhayes et al., 1977). Tables 20 and 21 

summarize the metals concentrations in estuarine sediments, based 

on the data presently maintained in the data base file. It 

should be noted, however, that the metals data in the file are 

only those collected in conjunction with PCBs (since that was the 

focus of this project), and do not constitute a comprehensive 

metals data base. Other available metals data should be obtained 

and incorporated into the system. With a larger metals data 

base, contour maps, like those for the PCB concentrations, could 

be developed to determine whether the locations of metals 

contamination coincide with the PCB hot spots. It will be 

especially important in evaluating cleanup alternatives (e.g. 

dredging) to know where and to what extent heavy metals are 

present in the estuary, as they may be more easily mobilized in 



TAELE 20.  

caamlum 

Chromiurr! 

Copper  

Lead 

Mercury 

S i c k e l  

S e l e n i u n  

S i l v e r  

Vanadiurr, 

Z inc  

METALS CONCENTRATIONS I N  INNER HARBOR 
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TABLE 2 1 .  METALS CONCENTRATIONS I N  OUTER HARBOR 
SEDIMENTS (PT1";RY WT. ) , 

ACUSHNET ESTUARY 

- 
No. o f  

! Y e t a l  R e c o r d s  Minimum Maximum Media? Mean 

Cadmium 

L e z d  

M e r c u r y  

Z i n c  1 7  1 3  6 9 3  1 1 7  180 



the water column, may influence chemical reactions, and can also 

be extremely toxic. 

There are presently no data in the system for 

polychlorinated dibenzofurans (PCDFs), polychlorinated 

naphthalenes (PCNS), polychlorinated quarterphenyls (PCQS), or 

polychlorinated dibenzo-dioxins (PCDDs), which have been 

implicated as possible contaminants and/or byproducts of PCBs. 

Due to the highly toxic nature of these compounds, several 

samples from a variety of Acushnet Estuary media (e.g. sediment, 

air, water) should be screened for their presence. 

Critical Pathways and Fate Processes 

A thorough understanding of critical pathways and fate 

processes is probably one of the most significant "data gapsff 

remaining in the Acushnet Estuary PCB issue. Although the 

existing data base provides a description of the PCB 

contamination of the Acushnet Estuary, it is a dynamic and ever- 

changing situtation. In order to evaluate the significance of 

this contamination, it is essential to identify the processes by 

which it is changing, and to determine which sectors of the 

environment are most in need of remedial action. This need has 

been recognized, and a comprehensive program for the 

investigation of biological, chemical, and geophysical pathways 

in the harbor has been outlined in project work statement 007 of 

the RAMP document (Weston, 1983). The existing data base will 

provide the foundation for this endeavor, and apparent trends 

which are described here will be investigated more fully. 



The most significant PCB contamination in the Acushnet 

Estuary is in the bottom sediments of the Inner Harbor. In spite 

of the large amount of data for this area, there is presently 

very little known about the physical processes responsible for 

the transport and disturbance of these sediments. One study 

(Summerhayes et al., 1977) dealt primarily with the transport of 

heavy metals (and not PCBs) in the Outer Harbor and western 

Buzzards Bay. This research revealed some of the significant 

fundamental processes relevant to PCB transport. It determined 

that silt and clay from outer Buzzards Bay are transported into 

the harbor and trapped by the hurricane barrier at a rate of 

approximately 4 to 8 cm/yr in the deeps, and < 2 cm/yr in the 
shallows. Summerhayes et al. described the harbor as a "leaky 

sinkv for organic and industrial contaminants. 

What remains to be defined by the proposed investigation 

is how the sediments and thus the PCBs, are distributed and 

redistributed within the Inner Harbor area. The contour maps 

developed with the Kriging process indicate some accumulation of 

PCBs behind the existing barriers, however, the extent of this 

accumulation can not be quantified due to the paucity of data in 

these areas. There is, for example, no data for any sediment 

samples collected immediately to the north of the western segment 

of the hurricane barrier, although this appears to be one of the 

most likely places for sediment trapping to occur. The modeling 

of sediment transport dynamics will require additional sampling 

in these areas. 



Although there is a substantial amount of sediment PCB 

data at present, there is relatively little information on the 

mobilization of PCBs to, and subsequent transport in, the 

estuarine water column. The analytical methods used in 

quantitating water samples from the Acushnet Estuary in the past 

did not permit detection of low, but highly toxic, levels of 

PCBs. Since the water column moves differently than the 

sediments (e.g. it is probably flushed more rapidly), and is a 

ready source of PCBs to biological organisms, it merits further 

investigation. Additional water sampling will also indicate 

whether (and where) the bottom sediments are steadily nleakingw 

PCBs to the water column, or whether they are being effectively 

capped by the natural sedimentation of cleaner materials. The 

few sediment elutriate data which exist at present will also be 

informative in this matter, however they portray more the 

potential for the sediments to leak PCBs to the water column than 

the actual exchange dynamics which take place. 

Tables 17 and 18 presented earlier (pages 77 and 78) 

indicate the extent to which aquatic biota in the Acushnet 

Estuary have bioconcentrated PCBs. Due to their high lipid 

content and habitat, eels were the most severely contaminated of 

the organisms studied. Data on PCBs in lobsters and quahogs 

(specifically in the Inner Harbor) need to be supplemented, with 

investigation into the relation of PCB concentrations to organism 

sex and size, and seasonal migrations. This would apply to any 

other commercial fish species in the estuary, as there may be 



times during the year when contamination is less severe and 

harvesting would be less of a risk to public health. 

Also indicated, but not yet clearly defined, by the data 

base is the apparent degradation of PCBs (specifically the lower 

chlorinated isomers) in the estuarine environment. Photolytic 

decomposition and biodegration may be occurring, for example, in 

both the aerobic and anaerobic portions of the mudflats lining 

the estuary. Similarly, there has been very little effort made 

to relate PCB concentrations in air to those of nearby sediments 

and surface waters, such that the volatization from such sources 

could be quantified. It is anticipated that the significance of 

this and other PCB pathways will be identified in the modeling 

investigations. 

Implications of Contamination 

Table 22 presents a summary of the regulatory limits and 

standards relevant to PCBs. The Toxic Substance Control Act 

(TSCA), 40 CFR Part 761, defines a PCB - contaminated waste as one 
that contains PCBs at a concentration between 50 and 500 ppm, and 

a PCB waste as that which contains PCBs greater than 500 ppm. 

TSCA (40 CFR Part 761.65) also provides extensive requirements for 

storage of PCBs in concentrations exceeding 50 ppm, including 

specifications for storage facility, the PCB containers, handling 

equipment, marking of PCBs, a Spill Prevention and Control Plan, 

and location at a site not below the 100 year flood plain. Based 

on the information presented in Figures 14 through 21, a 

substantial portion of the sediments underlying the Inner New 



TABLE 22. PCB LIMITS AND STANDARDS 

Regulation/ 
Controlling Agency - Media Level - Action 

TSCA , PCB-contaminated 50-500 ppm . . (40 CFR, Part 761) waste (dry weight) 
must be disposed of 
by chemical waste 
landfilling or Annex I 
incineration. 

PCB waste must be disposed of by 
Annex I incineration. 

USFDA Foodstuffs: 
(44 CFR, 57389, fish & shellfish 
1979) (edible portion) 

5.0 ppma 
(wet weight) 

maximum allowable level 
for the protection of 
public health. 

red meat 
(fat basis) 

3.0 PPm 
(wet weight) 

maximum allowable level 
for the protection of 
public health. 

poultry 
(fat basis) 

3.0 PPm 
(wet weight) 

maximum allowable level 
for the protection of 
public health. 

EPA Criteria, Ambient Water 
1981 (P.L. 95- 
317, Section 
304(a)(l) 

maximum level for pro- 
tection to freshwater 
fish. 

maximum level for pro- 
tection to saltwater 
fish. 

maximum level for pro- 
tection to human health. 

Workroom air maximum recommenced con- 
centration for protec- 
tion of health. 

NIOSH 

+UsFDA lowered this standard to 2 ppm -in 1979, however challenges by the seafood industry 
have resulted in a temporary stay placed on the standard by the courts. 

M E T C A L F  L E D D Y  



Bedford Harbor are categorized as PCB wastes and PCB-contaminated 

wastes under TSCA. The fact that any of this material dredged 

from the harbor will require special disposal as a hazardous 

waste will have significant implications as to the cost and 

efficiency of employing dredging as a remedial action. 

Based on the data summarized in Tables 17 and 18, median 

PCB concentrations in eels and lobsters in the Acushnet Estuary 

are well above the FDA action level of 5 ppm, which is the 

maximum PCB concentration considered safe for human 

consumption. Although there are no lobster data for the Inner 

Harbor, this can be assumed to apply to both the Inner and Outer 

Harbor areas. PCB concentrations in lobsters taken from further 

out into Buzzards Bay are also higher than 5 ppm. The median PCB 

concentration in winter flounder is above the FDA limit only in 

the Inner Harbor, although in the Outer Harbor, flounder PCB 

concentrations are above FDA's recommended limit of 2 ppm. 

Median PCB concentrations in quahogs from these areas are not 

above the FDA limit, however there are only three data records 

for quahogs in the Inner Harbor area. 

Based on these data summaries, the fishing closure areas 

established by the Massachusetts Department of Public Health 

appear to be appropriate. These closures prohibit all fishing 

activity in the Inner Harbor area (Area 1); fishing for lobsters, 

eels, flounder, tautog and scup in the Outer Harbor area (Area 2, 

extending to the Ricketsons Point/Wilbur Point transect): and 

lobster fishing inside of Negro Ledge (Area 3). 

- 
M E T C A L F  (L E D D Y  



The EPA criteria for PCB in ambient water are 0.014 ug/l 

to protect freshwater fish, 0.030 ug/l to protect saltwater fish, 

and zero for maximum protection of human health (U.S. EPA 

1980). These concentrations are average 24-hour values. Ambient 

water PCB concentrations measured in the Acushnet River in 1981 

were mostly nnon detectablew, but were based on a detection limit 

of 0.5 ug/l. Measurable concentrations ranged as high as 6.1 

ug/l. Thus, the average 24-hour concentration of PCBs in the 

Acushnet Estuary waters may well be far in excess of the EPA 

criteria. 

Effectiveness and Impacts of Potential Cleanup Alternatives 

The color contour maps portraying PCB concentrations in 

the sediments of the Acushnet Estuary (Figures 14 through 21) 

delineate several "hot spotw areas applicable to fast track 

remedial action. The maps also indicate that the most severely 

contaminated sedments lie approximately 4 to 8 cm deep, an 

important fact in planning remedial operations and in evaluating 

the potential natural capping processes in the harbor. 

The proposed modeling of sediment transport and PCB 

dynamics for the estuary will provide much of the information 

crucial to the planning of remedial action alternatives. In 

addition, the further resolution of sediment PCB concentrations 

in areas not well sampled, and the addition of more metals data 

to the data base, will permit the development of more 

comprehensive, and statistically significant, contour maps 

delineating areas requiring remedial action. 
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DATA K A N A G E H E N ' I  SYSTER 

S U H H A R Y  OF FILE CONTENTS 

- - A q u a t i c  b i o t a  
A r g o p e c t e n  i r r a d i a n s  (Bay' s c a l l o p )  
A n g u i l l a  r o s t r a t e  ( A ~ e r i c a n  ee l )  
C e r i a n t h u s  a m e r i c a n u s  ( p o l y c h a e t e )  
C a l l i n e c t e s  s a p i d u s  ( B l u e  crab) 
C e n t r o ~ r i s t i s  s t r i a t a  ( B l a c k  s e a b a s s )  
C r a s s o s t r e a  v i r g i n i c a  ( A m e r i c a n  o y s t e r )  
C e u k c n s i a  d e m i s s a  ( R i b b e d  m u s s e l  
H o n a r u s  a m e r i c a n u s  ( A m e r i c a n  l o b s t e r )  
I o l i g o  p e a l i  ( L o n g - f  i n n e d  s q u i d  
Hya a r t n a r i a  ( S o f t s h e l l  c l a m )  
H e r l u c c i u s  b i l i n e a r i s  ( S i l v e r  h a k e )  
W u ~ t e l u s  c a n i s  ( S m o o t h  d o g f i s h )  
Y y t i l u s  e d u l i s  ( E l u e  m u s s e l )  
P ~ r c e n a r i a  m e r c e n a r i a  ( Q u a h o g )  
H o r o n e  s a x a t i l i s  ( S t r i p e d  b a s s )  
N e c h t y s  i n c i s a  ( p o l y c h a e t e )  
R e o p a n o p e  t e x a n a  (Mud c r a b  1 
G s m e r u s  m o r d a x  ( A m e r i c a n  s m e l t )  
F s e u d o ~ l c u r o n e c t e s  a m ~ r i c a n u s  ( W i n t e r  f l o u n d e r  1 
F r i o n o t u s  c a r o l i n u s  (Sea  r o b i n )  
F a r a l i c h t h y s  d e n t a t u ~  ( S u m m e r  f l o u n d e r  o r  F l u k e  1 
F a r a l i c h t h y s  o b l o n g u s  ( F o u r s p o t  f l o u n d e r )  
F o u . a t o m u s  s a l t a t r i x  ( P l u e f i s h )  
P e p r i l u s  t r i a c a n t h u s  ( B u t t e r f i s h  1 
Raja e r i n a c a e  ( L i t t l e  s k a t e )  
S c o p h t h a l m u s  a q u o s u s  ( W i n d o w p a n e )  
S t e n c t o e u s  c h r y s o p s  ( S c u p )  
l a u t o g o l a b r u s  a d s p e r s u s  ( C u n n e r  1 
T a u t c g a  o n i t u s  ( T a u t o g )  
U r o p h y c i s  c h u s s  (Red h a k e )  

G r i t  
t ! i ~ c e l l a n e o u s  
S e d i m e n t  
S e d i m e n t  e l u t r i a t e s  
S e d i m e n t s  - E Y  T o x i c i t y  
S o i l  
W a s t e  
Waste - E F  T o x i c i t y  
Hater 



Ambien t  a i r  
A p p o n c g a n ~ e t t  R i v e r  E a s i n  
Ash 
B u z z a r d s  B a y  
C l a r k s  C o v e  
C o o l i n g  v a  ter 
F d i b l e  h e a t  ( e g .  lobs te r  c l a w )  
Flesh 
Gri t  
G r o u n d w a t r r  
I n n e r  H a r b o r  ( K e w  E e d f c r d )  
I n d u s t r i a l  w a s t e w a t e r  
Land 
Roun t  Hope Pay ,  F a l l  R i v e r  
W i s c e l l a n e o u s  
Outer H a r b o r  ( H e w  Pedf o r d  
Eaw d r i n k i n g  w a t e r  
R i v e r  
Faw w a s t e w a t e r  
S l u d g e  
T r e a t e d  w a s t e w a t e r  
Viscera 
Whole o r g a n i s m  ( w i t h o u t  s h e l l  
Was te  
G e n e r a l  w a z t e v a t e r  

Deep 0 8  cm f o r  s e d i m e n t s )  
Dcwnwind 
Mid-depth  ( Y a t e r  
S h a l l o w  ( 4 - 8  cm f o r  s e d i m e n t s )  
R t  t h e  s o u r c e  ( a i r )  
S u r f a c e  ( 3 - 4  cm for s e d i m e n t s )  
Upvind  

d 

U n i t s  ----- 
No u n i t s (  o r  n c n - d e t e c t a b l e )  
W i l l i v o l t s  
Nanograms per c u b i c  meter 
P e r t s  per m i l l i o n  (ppm) 
F a r t s  p e r  m i l l i o n  (ppm) d r y  w e i g h t  
P a r t s  per m i l l i o n  (ppm) wet w e i g h t  



- Parameters 
-----I---- 

P C B s  
hroclor 122 1 
Aroclor 1232 
Aroclor 1016 
Aroclor 1242 
Ar oc lor  1248 
Aroclor 1254 
Aroclor 1260 
Rroclor 1262 
Aroclors 1242/1016 
Aroclors 1242/1254 
Aroclors 1248/1260 
Aroclors 1248/1254 
non-specif i c  P C B s  
Total P C P s  

t e t a l s  
Arsenic 
Cadmium 
Chromium 
Copp~r 
Lead 
Earium 
Hercury 
Nickel 
Selenium 
S i l v e r  
Thallium 
Z i n c  
Cabal t 
Iron 
Vanadium 

?!iscellaneous 
Chemical Oxygen Demand 
Redox po ten t ia l  
C i l  & grease 
Fhencl 



Data C c l l e c t i n g  A g e n c i e s  

A r n y  C o r p s  of E n g i n e e r s  
A e r o v o x  I n c o r p o r a t e d  
Camp, Dresser & ?!cKee 
C o r n e l l - D u b l i e r  E l e c t r o n i c s  
J a s o n  C o r t e l l  & A s c o c i a t e s  
t ! e s s a c h u s ~ t t s  O f f i c e  of  C o a s t a l  Z o n e  H a n a g e m e n t  
E a s s a c h u s e t t s  D e p a r t m e n t  o f  E n v i r o n m e n t a l  Q u a l j t y  E n g i n e e r i n g  

P i v i s i o n  of N a t e r  P o l l u t i o n  C o n t r o l  
K a s s a c h u s e t t s  D i v i s i o n  of U a r i n e  F i s h e r i e s  
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