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PREFACE

This is the second in a series of reports issued by the State Water Resources
Control Board on industrial and agricultural chemicals. These reports deal with
priority chemicals of concern to water quality and the protection of beneficial
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Chemicals are of inestimable value to society, and most are considered relatively
safe under normal conditions of use. There are some chemicals whose environmental

- and health effects have been proven harmful. The possibility that toxic chemicals
in the environment can cause cancer in hemans and severely impair the health of
wildlife has led to increased action by government to foster the safe use and
disposal of these chemicals.

The chronic effects of persistent chemicals (e.g. impaired growth and reproduction)
may be more devastating in the long run than immediately apparent effects, such as
fish kills. Preventative measures are invariably less costly to society than
corrective actions required after toxic chemical pollution has occurred.

Some current chemical use and disposal practices may have an adverse impact on
water quality. These activities can usually be modified to minimize adverse
environmental effects. Where existing or potential water quality problems have
been identified, the State Board wiil recommend appropriate measures to correct or
prevent such adverse impacts. -
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SUMMARY

PCBs are found in air, water, sediment and biota throughout the world. Because
they are ubiquitous, PCBs have been described as comstituents rather than con-
taminants of the environment. PCBs are toxic substances. The information and.
analyses presented in this report conclude that PUBs are hazardous to humans and
aquatic life. Prudence dictates that human contact with these chemicals should be

- minimized. Further dissemination into the environment of these long-lived compounds
should be prevented.

- Properties and Uses

PCBs are chlorinated hydrocarbons that are chemically stable and have low flam-
mability, high boiling point, and low electrical conductivity. PCBs have been used
as fluids in electrical transformers, capacitors and electromagnets, and heat
transfer and hydraulic systems. They have also been used as plasticizers in
paints, adhesives, and caulking compounds; fillers for investment casting waxes;
and dye carriers in carbonless copy paper.

Of the 1.4 billion pounds of PCBs produced in the United States since 1929, over
half (750 million pounds) are still in service. Monsanto, the major PCB producer,
voluntarily reduced production in 1970. Before 1970, 60 percent of PCB sales were
for "closed" uses (electrical and heat transfer syatems), while the remaining 40
percent were for "open " uses (plasticizers, hydraulic fluids ard lubricants). By
1972, all PCB production was for closed systems. The-Toxic Substances Control Act
(TSCA) of 1976 specifically banned the manufacture of new PCBs and prohibited the
use of PCBs except in a "totally enclosed" manner or where specifically exempted.
Approximately one-quarter (162 million pounds) of the PCBs still in service are
used by electrical utilities in transformers and capacitors.

All commercial PCB formulas contain contaminants, such as polychlorinated dibenzo-
furans (PCDFs). These contaminants are more toxic to humans and aquatic life than
PCBs.

Environmental Fate

Airborne transport and deposition is the major pathway for the global distribution
of PCBs and other persistent chlorinated hydrocarbons. Over 90 percent of the PCB
input to Lake Superior is attributed to atmospheric fallout. This extreme persis-
tence, coupled with the resuspension of PCB-contaminated sediments in the Great
Lakes, could cause their recycling through the aquatic food chain for up to 150
years. Breakdown of PCBs by biological degradation or photodecomposition is

. extremely slow.

With extremely low water solublllty and high affinity for organic material, PCBs
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Mammalian Toxicology and Human Health

In the past two years, controversy has risen over whether PCBs pose a significant
risk to human health. The most recent industry-sponsored reviews by Drill et al.
(1982) and Ecology and Environment, Inc. (1981) as well as the 1982 USEPA response
to these reviews are in substantial agreement on the subject of how PCBs are
absorbed, distributed throughout the body and excreted. Disagreement centers

around the degree of toxicity of the commercial mixture. This report stresses

that PCB mixtures are a combination of many different chlorinated biphenyl compounds
(isomers), each having different chemical and physical properties. These compounds
have a wide range of potential toxicities. The structure (location of chlorine
atoms and degree of chlorination of the biphenyl molecule) of individual PCB

isomers affects all metabolic processes and toxicity. The following table summarizes
the scientific disagreement,

Although PCBs are not acutely toxic to mammals except at high doses, their chronic
effects are pronounced at relatively low doses, particularly in the liver and in
reproductive systems. Mink and rhesus monkeys are the more sensitive mammalian
species compared to mice, rats and rabbits. PCBs have been shown to have adverse
effects in the sensitive species at levels lower than the U.S. FDA action level of
5 ppm in some foods.

Reproduction

Drill et al. (1982) and the USEPA Response (1982) differ in their assessments of

the effects of PCBs on reproduction: while the former believes that adverse
reproductive effects occur only at high doses, the USEPA Response states that
reproductive effects can be observed at low levels, sometimes at lower doses than
where other manifestations of toxicity are measured. Adverse impacts on reproduction
by PCBs were observed in the following feeding studies:

1., 1In rats, a dietary level of 20 ppm Aroclor 1254 reduced the number of offspring
(Linder et al., 1974).

2. Mink showed total reproductive failure at 5 ppm (Kimbrough et al., 1978), and
Aroclor 1254 affects reproduction at 2 ppm (Auerlich and Ringer, 1977).

3. The rhesus monkey showed adverse effects at levels of 2.5 ppm Aroclor 1248
(Allen and Barsotti, 1976).

Animal Carcinogenicity

The USEPA Response (1982) disagrees with the reviews by Drill et al. (1982) and
Ecology and Enviromment, Inc. (1981) on the issue of whether PCBs are animal
carcinogens. Drill et al. (1982) have concluded that evidence of PCBs acting as
carcinogens is weak, at best. Ecology and Environment, Inc. {1981) concluded that
PCBs are perhaps weak promoters of cancer, but are not initiators. In contrast,

the USEPA Response (1982) supports the International Agency for Research on

Cancer (IARC) position that there is experimental evidence that PCBs are carcinogens
in some species of rats and mice.

Ten PCB animal bioassays have been reported for cancer effects (two in mice, seven
in rats, and one in the dog). These include abstracts and unpublished studies.
These bioassays show that commercial PCB mixtures are carcinogenic in both male
mice and female rats. A recent abstract (Weltman and Norback, 1982} reports that
Aroclor 1260 is carcinogenic in male as well as female rats. Other experimental
studies have been reported as negative.



TOXICOLOGY OF PCBs:

AREAS OF SCIENTIFIC DISAGREEMENT

DRILL, FREISS

ECOLOGY AND
ENVIRONMENT

EPA

EFFECT et al., (1982) INC. {1981)-CHA RESPONSE (1982) SWREB POSITION
Reproduction At "relatively Little effect At doses that Rats - 20 ppm
high doses" at "moderate- may be lower Minks - 1-5 ppm
(examples in- to-high doses". than for other Monkeys - 2.5 ppm
clude those toxic effects, (FDA actior Tevel
fed to monkeys). is 5 pom for some
foods,)
Carcinogenicity No convincing Weak promoters Positive ® Positive based on
evidence. but not direct- different inter-
acting pretation of same
carcinogens. studies reviewed
by Drill et al.
{1982) and EEI
(1981).

& Recent positive
rat bicassays.

# Positive based on
re-evaluation of
najor studies.

Liver Enzyme Cytochrome Cytochrome Cytochrome ® Cytochrome P-450
Systems P-450 system P-450 and P-45C and and P-448 systems,
Stimulation only E—gﬁgms P-448 systems. s Cytochrome P-448
ySLems. stimulation exerts
toxicity al same
receptor site as
2,3,7,8-TCDD and
2,3,7,8-PCDF.
Occupational/ Reversible Reversible Studies not Insufficient data;
Epidemiological effects only effects. sensitive studies inadequate
Studies (chloracne, enough. to identify cancer
liver enzyme risk and other Tow
stimulation). incidence or
chronic effects.
Yusho (1968) Unique inci- Due to Probably due Major effects
and Taiwan dent due to contaminants. to combination probably due to
{1979) Rice contaminants. of contaminants contaminants.

Cil Poisonings

and PCBs.

Contaminants
{chlorinated
dibenzofurans,
etc.)

Net assessed,
but highly
toxic.

Mot assessed
but poten-
tial hazard.

Present in all
commercial PCB
mixtures, not
feasible to
remove
contaminants.

Highly toxic, must
be considered in
any assessment of
commercial PCBs.
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Aquatic Toxicology

Fish can accumulate PCBs up to one million times the concentrations found in water.
The impact of PCBs on aquatic life is pronounced at very low concentrations in
water. Fish subjected to low-level chronic exposure (1-2 ppb PCB in water) show
decreased reproductive ability and decreased viability of eggs and fry. Early

life stages of fish and invertebrates are more sensitive to PCBs than adult stages.
The reproductive success and propagation of existing fisheries is highly vulrerable
to parts-per-million levels.

The biological activity of PCBs depends upon the number of chlorine atoms and their
position on the biphenyl rings. As in the case of human toxicity, assessing PCB
aquatic toxicity is complicated by the presence in commercial mixtures of contamipants
(e.g., dibenzofurans), which are also highly toxic to aquatic organisms.

Criteria and Standards

The 1980 EPA ambient water criterion to protect human health from consumption of
PCB-contaminated fish, shellfish, and water is 0.079 parts per trillion (ppt) in
water {using a one-in-one-million cancer risk level). EPA also developed two
corresponding criteria to protect aquatic life. The 24-hour average criteria for
freshwater and saltwater, respectively, are 14 ppt and 30 ppt. The National
Academy of Science (1980) has recommended "Suggested No-Adverse Response Levels"
(SNARL) for PCBs in drinking water of 350 ppb (24-hour exposure) and 50 ppb (7-day
exposure).

The National Academy of Sciences (1973) proposed a 0.5 ppm criterion in fish tissue
to protect consumers of contaminated fish., The Food and Drug Administration (¥DA)
has established action levels to control PCB levels in food. The action levels
represent limits at or above which FDA will take legal action to remove adulterated
products from the market. The FDA action level in fish is 5 ppm.

At the state level, the State Water Resources Control Board {SWRCB) established
effluent limitations for total chlorinated pesticides and PCBs in the California
Ocean Plan. The limiting concentrations for the 6-month median, daily maximum, and
instantaneous maximum are, respectively: 2.0 ppb, 4.0 ppb, 6.0 ppb.

Presence of PCBs in California

Since 1978, PCB findings in fish by the State Board's Toxic Substances Monitoring
(TSM) Program have been infrequent (PCBs were detected at 12 out of 44 stations)
and at low levels (only one station exceeded the NAS guideline). Of the 28 streams
sampled in the TSM Program since 1978, PCBs have been detected in each of three
rivers (Sacramento, Feather, Santa Ana) at least twice. 1In 1977 and 1978, the TSM
Program detected PCB concentrations above 500 ppb in fish on the lower Feather
River at Nicolaus. An intensive follow-up survey of the Ponderosa Reservoir in
1980-81 found PCB levels as high as 7,700 ppb in suckers (1980). The State Board's
Cooperative Striped Bass Study (COSBS) found PCB concentrations (ppm—wet weight) in
ovaries (0.30-5.43), testes (0.06-0.60), liver (1.03-4.01) and muscle (0.36-1.36)
from adult pre-spawning striped bass. PCB concentrations in Delta bass fillets
collected in 1980 and 1981 were below the FDA action level of 5 ppm but did exceed
the 1JC 0.1 ppm limit. PCB levels in most prespawning Delta bass ovaries equalled
levels representing approximately 25 percent mortality in Atlantic Salmon eggs.

Since 1977, the State Board's Marine Monitoring Program (Mussel Watch) has analyzed
mussels from coastal and bay areas for PCBs. Data from most of the monitoring

stations indicate that PCB levels have stabilized at relatively high concentrationms.
Stations with elevated levels include San Diego Harbor (7,300 ppb), Los Angeles-long
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Beach Harbor (2_.000 npb). and Newport Harbor Bay (5,000 pob). The maior excention

+

of approximately one order of magnitude at this site between 1971 and 1981 is
correlated with a very effective industrial discharge source control program.

Regulatory Overview

In 1976, Congress directed the Envirommental Protection Agency (EPA) to regulate
PCB manufacture, use, storage, inspection and disposal under TSCA. Regulation of
PCB spills and abandoned hazardous waste cleanup is authorized under the federal
Clean Water (1977) and Superfund (1981) Acts. EPA is now encouraging states to
take over responsibility for the PCB control programs.

The lead state agency for regulating PCBs is the Department of Health Services
(DHS). DHS administers the state superfund to clean up hazardous substance spills
and abandoned wastes, including PCBs. The State Board and the Regional Water
Quality Control Boards (RWQCB) have enforcement authority over discharge of PCBs to
surface and ground waters. The Air Resources Board and Department of Industrial
Relations have responsibility for controlling PCB releases to air and occupational
exposure to PCBs, respectively.

PCB Disposal Options

DHS classifies as hazardous wastes: (1) liquids containing PCBs in concentrations
of 7 to 500 ppm, and (2) solids containing concentrations of 50 to 500 ppm. Any
item containing 500 ppm or greater PCBs is classified as an extremely hazardous
waste. Both types of wastes require permits and manifests for tracking all storage,
transportation and disposal.

Liquid PCB Wastes

The California Office of Appropriate Techrology (OAT) estimated that approximately
400 tons of liquid PCBs presently await disposal. The Air Resources Board (ARB)
estimated that up to 500 tons of PCB liquids will require disposal over each of the
next 10 years. There are only two EPA-approved PCB landfills in California:
Casmalia {Santa Barbara County) and Kettlemen Hills (Kings County). These landfills
are currently permitted to accept non—liquid PCBs up to 500 ppm. California has no
facility to handle liquid wastes containing 50 ppm or more PCBs. These wastes must
therefore be shipped out of state to an EPA-approved disposal facility (lamdfill or
incinerator). Another acceptable PCB disposal alternmative is dechlorination.



RECOMMENDATIONS

Despite the ban on manufacture and the restrictions on use, the known and potential
impacts of PCBs on California's water quality are numerous and serious. There is

no feasible method for removing all PCBs from the enviromment. The proposed State
Board strategy for controlling PCBs is to (1) minimize their impairment of beneficial
uses, and (2) ensure their safe handling, storage and disposal. To implement this
strategy, the State Board has developed specific recommendations for consideration
by affected state and federal agencies. The rationale is presented after the
recommendations, which are listed below:

State Water Resources Control Board

1. Adopt a statewide policy for PCBs to:
"Prohibit the discharge of PCBs to water from controllable sources.”

2., Adopt a statewide PCB control program that includes:

(a) Minimum Requirement for fish and shellfish consumption:

o Fish Tissue: 5 ppm

(b) Response Levels that trigger source identification and feasible
control measures:

o Fish Tissue: 0.5 ppm

o Sediment: 1 ppm i
o Effluent: 1 ppb

o

Ambient Water: 15 ppt
(c) Guideline for spill and abandoned waste clean-up:

o 50 ppm

(d) Reportable Quantity for spills:

o 1 1b.
3. Focus PCB water quality monitoring on tissue and sediment analysis.
4., Conduct intensive water quality monitoring of identified "hot spots":

o Survey location of PCB-containing equipment before selecting sampling sites
(fish and mussels). '

o0 Monitor for PCB and major contaminants (e.g., chlorinated dibenzofurans).

5. Develop a procedures manual for RWQCB and other field staff on the state's PCB
waste management program.

Department of Health Services

1. Improve coordination between DHS and the State and Regional Boards to ensure
that a high priority is given to the protection of beneficial uses of water
from PCB contamination. Shared functions should include: review of annual PCB
facility inventories, PCB disposal facility permits, and spill prevention
countermeasure plans; facility inspections; and spill investigationms.



2. Implement the regulation which bans land disposal of PCB liquids over 50 ppm
after January 1, 1984.

3. Approve privately owned and operated PCB destruction processes and facilities
in California.

4. Request authority from EPA to prohibit the use of PCB-containing small capacitors
that threaten water quality, food, or feed in state facilities after October 1,

1985.

Department of Health Services and Office of the State Architect

1. Seek state legislation to provide funding to:

o Implement the PCB management program proposed by the Office of the State
Architect for state facilities.

o Replace PCB-containing small capacitors that pose a threat to water quality,
food, or feed in state facilities.

U.S. Environmental Protection Agency

1. Authorize the State Department of Health Services to prohibit the use of
PCRB—containing small capacitors that pose a threat to water quality, food, or
feed in state facilities after October 1, 1985.

2. Amend the PCB regulation relating to disposal facilities to incorporate perform-
ance standards that permit on-site encapsulation of contaminated soil.

3. Support research on:
o Human and animal toxicology of individual PCB isomers to further assess the
health effects.

o Alternative PCB treatment technologies, including microbial degradation.

Department of Industrial Relations

1. Adopt the proposed occupational health standard on PCBs.

Major California Utilities

1. Establish a policy of requiring the installation of failure warning devices on
switched large PCB capacitor banks that lack secondary containment or restricted
access,

Rationale for Recommendations

The preceding recommendations are based on the scientific evidence that PCBs are
hazardous to humans and aquatic life. Federal and state regulatory programs for
PCBs are in place. Some of the recommendations support the continuation of existing
control measures. Others propose changes in the Federal PCB regulations. The
recommendations also address California's expanding hazardous waste management
program.



Water Quality Strategy

The State and Regional Board's traditicnal approach to setting water quality
objectives assumes that the discharge of pollutants can be regulated. This tradi-
tional approach is in most cases impractical for PCBs, Firet, receiving water
objectives for PCBs are generally inappropriate. PCBs have extremely low water
solubility., When present in the aquatic envircoment, they concentrate in sediment
and fish tissue. BReliance on receiving water objectives could underestimate the
threat that PCBs pose to beneficial uses. Second, protective receiving water
levels often cannot be established for PCBs. Many PCB concentrations found in
California fish tissue and sediment currently exceed levels necessary to protect
human health and aquatic life. Third, most PCB discharges from point sources have
ceased as a result of the EPA ban on manufacture and restriction of use. Fourth,
site-specific environmental and economic factors determine the degree to which PCB
sources can be controlled. While scme PCB sources are relatively controllable,
others may not be, because of the environmental damage that the clean-up operation
would cause or the cost of pollutant removal and disposal.

PCB sources consist of PCB-containing electrical equipment and PCB spills and
abandoned wastes, EPA and DHS regulate PCB—containing electrical eguipment, and
the major California utilities have developed PCB management programs. Therefore,
this strategy focuses on PCB spills and abandoned wastes.

Controllsble sources are spills and abandoned wastes for which clean-~up is environ-—
mentally and economically feasible. Environmental and economic feasibility will be
determined on a case-by-case basis., The evaluation will indicate whether the PCB
source can be 1) eliminated, 2) encapsulated to prevent environmental contamination,
or 3) mitigated to reduce the level of environmental contamination. This flexible
and discretionary approach is the only practical way to determine appropriate
remedial action.

This strategy (1) adopts as a minimum requirement the current U.S. Food and Drug
Administration action level of 5 ppm PCBs in fish flesh; (2) identifies PCB response
levels in sediment (1 ppm), fish tiscue (0.5 ppm), effluent (1 ppb), and ambient
water (15 ppt) to trigger source identification and control; and (3) sets a 50 ppm
s0il or sediment spill clean—up guideline which can be modified depending on

water quality, technical and economic considerationms,

The proposed ambient and effluent response levels, 15 ppt and 1 ppb respectively,
are tased on detection limits achieved in routine sampling programs. The sediment
level of 1 ppm is based on bioconcentration factors observed in California fish and
the «ater solubility of PCBs.

The f{ish tissue response level of 0.5 ppm represents a compromise between recommended
criteria and California monitoring data. 1In 1972, the National Academy of Sciences
proposed the 0.5 ppm fish tissue level to protect wildlife predators. Data on PCB
levels in fish tissue from the State Board's Toxic Substances Monitering Program
range between 0.1 and 7.7 ppm. A very low (i.e., stringent) response level could
trigger source identification and control for every sample taken. The proposed
response level strikes a regulatory balance that provides a basis for establishing
priorities in the handling of PCB prcblems.

The response levels are indicators of water quality problems. They are not meant
to protect beneficial uses, but rather to serve as an early warning signals that
trigger further investigation. It may mnot be possible, in some cases, to reduce
concentrations below the response levels. However, responsible parties should
attempt to cleanup as much of the contamination as is technologically, environment-
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ally, and economically feasible. Where feasible, cleanup or source control should
achieve levels that adequately protect beneficial uses. These levels would always
be more strigent than the response levels.

The proposed revision to the Califormia Ocean Plan exemplifies an approach to
regulating PCB discharges for the protection of beneficial uses. This approach is
compatible with the propesed PCB policy. The draft Ocean Plan recommends a marine
water quality objective of 3 ppt based on the chronic toxicity of PCBs to aquatic
life. For its purpose, which is to derive effluent limitations for the regulation
of point source discharges, this is an appropriate use of a receiving water objective
for PCBs.

The spill cleanup guideline is 50 ppm in soil or sediment, the minimum level at
which DHS requires disposal in EPA approved chemical waste landfills. The 50 ppm
level is a guideline as opposed to a minimum requirement, to provide regulatory
flexibility and discretion. In some cases, clean-up more stringent than 50 ppm may
be warranted. In other cases, clean-up down to 50 ppm may be infeasible.

The federal Superfund law (CERCLA) adopts by reference the 10-pound reportable
quantity established under Section 311 of the Clean Water Act. SWRCB set a reportable
quantity of one pound because major utilities are already reporting all spills to

DHS. This smaller reportable quantity seemed more consistent with the informal DHS
reporting policy than the larger quantity.

Federal Regulation of PCBs

The key elements of the federal program developed to implement the 1979 PCB
regulation included:

(1) Ban PCB manufacture;

(2) Permit totally enclosed {and other exempted) uses;

(3) Establish labeling, storage, inspection, spill response and disposal require-—
ments; and

(4) Require the destruction of PCB wastes containing 500 ppm PCB or more.

In response to the U. S. Court of Appeals' order, EPA has issued revised regulations
- on August 25, 1982, and October 21, 1982, which:

(1) Permit minor production of PCBs (incidental to manufacturing processes) where
insignificant release to the environment occurs;

(2) Permit nontotally enclosed use of PCBs in electrical equipment, previously
classified as totally enclosed, with some stricter inspection requirements;

(3) Require phase-out of certain PCB transformers and large PCB capacitors in 3
and 6 years, respectively.

Additional controls on the use of PCB—containing capacitors are necessary based on

the threat that extremely low levels of PCBs pose to humans and aquatic life. For
large switched bank capacitors that lack restricted access or secondary contaimment,
failure detection devices should be installed. This recommendation can be implemented
on a voluntary basis (See the discussion below related to Major California Utilities).

For small capacitors, SWRCB believes that accelerated phase-out is warranted for
equipment that poses a threat to water quality, food, or feed. According to the
pre—emption provisions of the Toxic Substances Control Act, California must request

an exemption in order to regulate the use of PCB-containing equipment differently

from EPA's program. SWRCB proposes that DHS, the lead state agency for PCB regulation,
seek this additional authority.
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State Management of PCBs and Other Hazardous Waste

State and federal superfund monies have been appropriated for PCB spills and
abandoned hazardous wastes that meet the eligibility requirements. The DHS program
to implement the PCE regulations is administered by its Hazardous Materials Manage-
ment Branch.

The expansion of the state hazardous waste management program must address other
state agencies with related responsibilities. In particular, the State Water
Resources Control Board and Regional Water Quality Control Boards must be integrated
into this program, These agencies share responsibility for protecting ground and
surface water quality, including land disposal affecting water quality. Coordination
between DHS and the State and Regional Boards is especially crucial because most
controllable PCB releases to the environment come from l) sediment deposits in

water and 2) spills or abandoned hazardous wastes that contaminate soil or water.

Destruction of PCBs is the safest disposal option. The Air Resources Board has
adopted a policy which established incineration standards that limit release of
PCBs and their highly toxic contaminants (e.g., dibenzofurans and dibenzodioxins)
to the atmosphere.

The Department of Industrial Relations (DIR) has proposed an occupational health
standard for PCBs. This proposed standard addresses protective equipment and
clothing, respiratory protection, work practices and employee decontamination, Tt
also includes occupational safeguards that are intended to protect workers from
harmful exposure to PCBs.

Inspection of Utility-Owned Large PCB Capacitors

The August 25, 1982, PCB regulation eliminates inspection requirements for all
large PCB capacitors based on the fact that visual ipspections cannot provide
evidence of potential leaks. However, California utilities have developed failure
detection devices which can be installed on switched bank capacitors. These
devices, such as Southern California Edison's capacitor unbalance sensing relay,
monitor temperatures within the capacitors to predict imminent failure, The
utility industry experience with these failure detection devices indicates that
they are 90 percent effective.

Because failure of PCB capacitors could release PCBs to the environment and the
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The safest PCB disposal alternative is chemical destruction. There is limited
landfill capacity for PCBs in California. The State should support the establish-
ment of privately owned and operated PCB destruction facilities in California.
Such facilities would reduce environmental hazards and the costs of transporting
PCB wastes for out-of-state disposal.

The requirement for disposal of other PCB wastes in EPA-approved chemical waste
landfills should be modified to allow on-site encapsulation under certain circum-
stances. Destruction of PCB-contaminated soil may be infeasible if very large
volumes of soil are involved.

At the present time, federal regulations for PCB waste disposal in landfills
preclude on-site encapsulation. Although DHS plans to encapsulate contaminated

soil at several illegal PCB dump sites, these sites do not presently meet federal or
state requirements for PCB disposal. The federal design criteria should be modified
to permit encapsulation of PCB wastes to minimize migration. Where water contamin-—
ation occurs, treatment and other control measures must be provided to protect
beneficial uses.

State Legislation

The risk that PCBs pose to aquatic life and humans is serious enough to warrant
preventing additional discharges to the enviromment wherever controllable.

SWRCB proposes that the State Legistature allocate funds to (1) implement the PCB
management program proposed by the Office of the State Architect (0SA) and to (2)
accelerate phase—out of PCB-containing small capacitors that threaten water quality,
food, or feed in state facilities.

The OSA report on PCB equipment in state facilities proposed four alternatives for
PCE management. The State Legislature adopted the recommended minimum program,
which entails: (1) replacing lesking PCB equipment, (2) retaining PCB equipment in
good condition, and (3) building temporary storage facilities for equipment removed
from service. Additional funds are required to implement this program in all state
facilities. The 0SA has prepared a budget change proposal to carry out this
recommendation.

Most small capacitors are located in non-utility facilities, including federal,
state and local government installations and private industries and businesses.

The rupture of small capacitors at the Sonoma State Hospital in 1981 highlighted
the need for additional comtrols over this type of PCB-containing equipment.
Because there are numerous small PCB-containing capacitors in locations which pose
a health risk, SWRCB recommends gradual accelerated replacement starting with state
facilities. This replacement program in state facilities will serve as a model for
other facilities regulated by the state and local health departments.

Research

Additional research is needed in both the scientific and technological areas.
Further toxicity studies of individual PCB isomers must be performed to resolve the
persent controversy surrounding the human health effects of PCBs.

Regarding PCB treatment technology, additional research on microbial degradation is
needed to develop this technique for use under field conditiomns. Further testing
of alternatives to incineration should also take place to provide as many disposal
options for PCBs as feasible.



1.0 INTRODUCTION

Polychlorinated biphenyls are chlorinated hydrocarbons which were commercially
synthesized beginning in the 1920s. Their chemical stability, low flammabiiity,
high boiling point, and low electrical conductivity made them useful as fluids in
electrical transformers, capacitors and heat transfer and hydraulic systems.
Between 1929 and 1978 over 700 million tons of PCBs were manufactured in the United
States. Worldwide production in 197C, the year when U.S. production peaked, was
estimated at 110,000 tons (Risebrough and DeLappe, 1972). 1In addition to the U.S.,
other major producers of PCBs were France, Germany, Italy, Japan and the Soviet
Union. Of the total volume of U.S.-manufactured PCBs, one half is still in service.
The remainder is disseminated throughout the enviromment in air, water, soil and
living organisms.

Until the mid-1960s, PCBs were believed to be inert and harmless. In 1966 Swedish
scientists found PCBs in the tissues of fish from the Baltic Sea. The PCB concen-
trations in fish far exceeded levels identified in the water. Later evidence has
established PCBs as ubiquitous components of the global enviromment., They have

been found in seals from the North Atlantic, polar bears in the Arctic, fish in
Peruvian waters, and birds from such diverse locations as Great Britain, New

Zealand, Alaska, Chile, and Antarctica (Risebrough and DeLappe, 1972). The source

of much of this dissemination is atomspheric fallout. For example, the presence of
PCBs in freshwater fish of tundra lakes can only be explained by aerial contamination.

The risk that PCBs pose to fish and mammals consists mainly of long-term adverse
effects. Chroniec toxicity of PCBs to fish is well established. Fish subjected to

¢ low-level long term exposure (1-2 ppb in water) are less fertile and their eggs and

fry suffer higher mortality rates. 1In 1969, with the discovery and description of
the "Yusho" disease epidemic in Japan, the presence of PCBs in man was documented.

Even today, there is considerable controversy as to the effects of PCBs in humans.
Government scientists agree that they pose a significant health risk. Industry
scientists argue that the observed adverse effects result from contaminants in the
PCB formulation. All commercial PCB formulations contain contaminants, such as
polychlorinated dibenzofurans, which are more toxic to humans and aquatic life
than PCBs.

The International Agency for Research on Cancer (IARC) has classified PCBs as
probable humsn carcinogens. Recent studies of PCB chronic toxicity have also
identified stimulation of liver enzymes and impairment of reproductive function as
adverse effects in mammals,.

Despite the 1977 USEPA ban on PCB manufacture and the 1979 regulation restricting
their processing, distribution, and use, PCBs continue to be detected in California
waters. Monitoring by the State Water Resources Control Board has detected PCBs in
fresh and szlt waters, sediments, and aquatic organisms. Some of the concentrations
have been trzced to specific sources, and subsequent control actions have reduced
levels. However, many of the PCB levels found in water and biota result from
redistribution of PCBs in the environment,

The widespresd dispersion of PCBs stems largely from past production patterns and
disposal prectices. In 1976 Congress singled out PCBs for special regulation in
enacting the Toxic Substances Control Act. The U.S. Environmental Protecticn
Agency promul zated regulations in 1977 covering PCB manufacture, use, storage,
inspection, and disposal. The Environmental Defense Fund challenged the 1977
regulation, and EPA issued several revisions to the regulation to comply with the
court decisicn.
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The federal regulations focus on PCBs in electrical equipment and implementation
has emphasized compliance by utility companies. Management programs for non-
utility PCB equipment are mot as highly developed. Major problems have been
identified with PCB equipment in Californmia state facilities. As a result, the
state legislature has funded development of a management program to control PCBs in
state—owned facilities.

Apart from electrical equipment, PCBs are found in abandoned hazardous waste sites
and in spills. These problems are addressed under the federal and state programs
dealing with spill prevention, emergency response, and abandoned hazardous waste
clean-up. PCB disposal in California is hampered by the lack of in-state disposal
facilities.

This report assesses the properties and uses of PCBs, their environmental fate and
toxicology, and the impact of PCBs on human health and California's aquatic resources.
The report proposes a water quality strategy for controlling PCBs and a series of
actions for consideration by affected state, local, and federal agencies. -




2.0 ©PROPERTIES AND USES

2.1 YNomenclature

The biphenyl molecule (Cl Hlo) can be chlorinated by replacing any or all of

its hydrogen atoms with ¢818%ine. Specific chlorinated biphenyl molecules are
described by use of the ring numbering system indicated in Figure 2.1. The phenyl
moiety containing the fewest chlorines is assigned prime numbers. Examples of the
nomenclature used for chlorinated biphenyls are given in Figure 2.1.

The biphenyl molecule has ten possible sites for chlorine substitution; classes of
chlorinated biphenyls range from monochlorinated to decachlorinated biphenyls. A
total of 209 chlorinated biphenyl isomers are possible depending upon the number
and pattern of chlorine substitution (Table 2.1).

2.2 Commercial Polychlorinated Riphenyl (PCB) Manufacture

In the commercial synthesis of chlorobiphenyls, the biphenyl is catalytically

chlorinated with anhydrous chlorine using iron filings or ferric chloride as

the catalyst. Commercial preparations of polychlorinated biphenyls (PCBs) are
mixtures of isomers rather than z specific compound. The degree of chlorination
depends chiefly on the time of contact (12-36 hours) of biphenyl with the anhydrous
chlorine. The former United States manufacturer of PCBs, the Monsanto Chemical
Company, used the trade name Aroclor for these mixtures (Nisbet & Sarofins, 1972).
Several grades of Aroclor have been designated by numbers such as 1221, 1242, 1254,
and 1260. The last two digits indicate the percent by weight of chlorine, and the
12" represents the biphenyl moiety. Aroclor 1016 consists primarily of tri- and
tetrachlorobiphenyl compounds with pentachlorobiphenyls and above removed. Aroclor
1016 contains 41 percent chlorine by weight and was introduced by Monsanto in 1971
to replace Aroclor 1242, Table 2.2 gives the approximate molecular composition of
seven Aroclor mixtures. PCB products manufactured in Japan were marketed as
"Santotherm", and "Kanechlor". Kanechlors 300, 400, 500, and 600 contain approxi-
mately 42 percent, 48 percent, 54 percent, and 60 percent chlorine respectively.
German PCB products have been marketed as "Clophens', AS0 (54 percent chlorine) and
A60 (60 percent chlorine). Other countries reported to have produced PCBs are
France (Phenochlor and Pyralenes), Italy, (Fenclor), the Soviet Union (Sovol),
Spain, Czechoslovakia, Poland, /rgentina, Brazil, and India (NIOSH, 1977).

About half of the 209 possible chlorinated biphenyl isomers are known to occur in
commercial mixtures. In additicn to chlorinated biphenyls, commercial PCBs also
contain other compounds, including biphenyl, chlorinated dibenzofurans, and
chlorinated naphthalenes (Figure 2.2). A number of commercial mixtures have been
analyzed for the presence of chlcrinated dibenzofurans. The results are shown in
Table 2.3. Chlorinated dibenzofurans have been shown to be far more toxic than
PCBs, so presence of chlorinated dibenzofurans in low amounts in PCB mixtures may
contribute to cbserved toxic effects of commercial PCBs, Further, there is
indirect evidence that chlorinated dibenzofuran concentrations increase during use
for such purposes as heat transfer fluids (Pomerantz et al., 1978; ARB, 1980).

Some commercial Aroclors contained chlorinated terphenyls in addition to chlorinated
biphenyls: Aroclors 2565 and 4465 contained 75 percent and 60 percent chlorinated

biphenyls and 25 percent and 40 percent chlorinated terphenyl compounds, respectively
(both mixtures contained 65 percent chlorine).

2.3 Physical and Chemical Properties

Physical properties of the ten chlorinated biphenyl Aroclors are summarized in
Table 2.4. It should be emphasized that these physical properties are for mixtures
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FIGURE 2.1
NUMBERING SYSTEM AND NOMENCLATURE FOR POLYCHLORINATED BIPHENYLS -
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THE BIPHENYL MOLECULE
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A MONOCHLOROBIPHENYL
(2-Chlorobiphenyl)

Cl cl Cl

Cl

Cl

A PENTACHLOROBIPHENYL
(2,2',3,4',5-Pentachlorobiphenyl)



TABLE 2.1

NUMBER OF POSSIBLE ISOMERS AND PERCENT CHLORINE
FOR THE 10 CHLOROBIPHENYL (PCB) CLASSES
(Adapted from NIOSH, 1977)

CHLOROBIPHENYL EMPIRICAL NO. OF POSSIBLE PERCENT CHLORINE
i FORMULA ISOMERS BY WEIGHT
biphenyl ClZHIO 1 0
monochlorobiphenyl 012H901 3 18.79
dichlorobiphenyl C12H8C12 12 31.77
trichlorobiphenyl 012H7cl3 24 41.30
tetrachlorobiphenyl 012H6014 42 48.56
pentachlorobiphenyl 012H5015 46 54.30
hexachlorobiphenyl C12H4016 42 58.93
heptachlorobiphenyl C, H4CL, 24 62.77
octachlorobiphenyl 012H2018 12 65.98
nonachlorobiphenyl 012H019 3 68.73
decachlorobiPhenrl C..Clipn 3 71 L8 |

o




TABLE 2.2

APPROXIMATE MOLECULAR COMPOSITION OF AROCLOR MIXTURES (PERCENT)

(Adapted from USEPA, 1980)

CHLOROBIPHENYL 1221 1232 1016 1242 1248 1254 1260
SN T 11 6 Tr - - - -
6, 1,01 51 26 1 1 - - -
¢, ,HyCL, 32 29 20 17 1 - -
¢, ,H,Cl, 4 24 57 40 23 - -
€, HeCl, 2 15 21 32 50 16 -
€, ,HsCls 0.5 0.5 1 10 20 60 12
€, H,Cl, - - Tr 0.5 i 23 46
€, 8,501, - - - - - 1 36
C; H Clg - - - - - - 6
G, HC1 - - - - - - -
€12%0 - - - - - - -

Tr — Trace (<0.1 percent)



FIGURE 2.2

SKELETAL STRUCTURES OF CHLORINATED
BIPHENYLS, DIBENZOFURANS AND DIBENZODIQXINS
(Bowes et al., 1978)

Cl Cl
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TABLE 2.3

CHLORODIBENZOFURAN TYPES AND CONCENTRATIONS (ug/g)
IN COMMERCIAL PCB PREPARATIONS

(Adapted from NIOSH, 1977)

Chlorodibenzofurans

Mixture di tri tetra penta hexa hepta Total
Arocler 1016 0.5 0.5
Aroclor 1016 <0.001  <0.001 <0.001
Aroclor 1248 0.5 1.2 0.3 2.0
Aroclor 1254 0.1 0.2 1.4 1.7
Aroclor 1254 0.2 0.4 0.9 1.5
Aroclor 1260 0.1 0.4 g.5 1.0
Aroclor 1260 0.2 0.3 0.3 0.8
Clophen A-60 1.4 5.0 2.2 8.4
Phenoclor DP-6 0.7 10.0 2.9 13.6
Kanechlor K300 1-1.5
Kanechlor K400 17-18
Kanechlor K500 2.5-4
Kanechlor K600 3-5




TABLE 2.4

PHYSICAL PROPERTIES OF COMMERCIAL PCBs (Aroclors)
(USEPA, 1980)

PROPERTY 1221 1232 1016 1242
Chlorine, percent 20.5-21.5 31.4-32.5 4] 42
Specific Gravity 1.182-1.192 1.270-1.280 1.362-1.372 1.39%91-1.392
(25°/15.5°C) (25°/15.5°C) (25°/15.5°C)
Distillation Range  275-320 290-325 323-3586 325-366
°C Corrected
Vapor Pressure 4.06x10-4
{mm/HS)
Evaporation loss (%) 1.0-1.5 1.0-1.5 0-0.4
160°C, 6 hr.
USTA D-6 Mod. - 3.0-3.6
160°C, 5 br.
Pour Point°®C 1 (Crystal) -35.5 -19
(WTM E97) F 34 (Crystal) =32 2
Water Solubility 200 225-250 - 240

at 25°C (ug/l)




TABLE 2.4 (cont.)

PHYSICAL PROPERTIES OF COMMERCIAL PCBs (Aroclors)
(USEPA, 1980)

PROPERTY 1248 1254 1260 i262

Chlorine, percent 48 54 60 61.5-62.5

Specific Gravity 1.405-1.415 1.495-1.555 1.555-1.566 1.572-1.583

(65°/15.5°C) (65°/15.5°C) (90°/15.5°C) (90°/15.5°C)

Distillation Range 365-390 365-390 385-420 390-425
°C Corrected

Vapor Pressure 4.94:{10—14 7’.71:(10'-5 4.051{10—5
(mm/HS)

Evaporation loss (%) 0-0.3 0-0.2 0-0.1 0-0.1
100°C, 6 hr.

USTA D-6 Mod, 3.0-4.0 1.1-1.3 0.5-0.8 0.5-0.2
160°C, 5 hr.

Pour Point °C ~7 10 31 35-38
(WIM E97) F 19.4 50 88 99

Water Solubility 54 i2 2.7

at 25°C (ug/l)
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TABLE 2.4 (comt.)

PHYSICAL PROPERTIES OF COMMEPCIAL PCBs (Aroclors)
(USEPA, 1980)

PROPERTY 1268 1270

Chlorine, percent 68 71

Specific Gravity 1.604-1.611 1.944-1.960
(25°/25°c)  (25°/25°C)

Distillation Range 435-450 450-460
°C Corrected

Vapor Pressure

(mm/HS)

Evaporation loss (%) 0-0.6
100°C, 6 hr.

USTA D-6 Mod. 0.1-0.2
160°C, 5 hr.

Pour Point °C
(WIM E97) F

Water Solubility
at 25°C (ug/l)

-11-




of biphenyl and various chlorinated biphenyl isomers: an estimated 40 to 60
different chlorinated biphenyl compounds are present in each of the higher com-
mercial Aroclors (Pomerantz et al., 1978). The lower chlorinated Aroclors (1221,
1232, 1016, 1242, and 1248) are colorless mobile oils. Aroclor 1254 is a viscous
liquid, and Aroclors 1260 and 1262 are sticky resins. The highest Aroclors, 1268
and 1270, are white powders. With the exception of Aroclors 1221 and 1268, the
Aroclors do not crystallize upon heating or cooling. Instead, at a specific
temperature, the "pour point", the mixtures change into a resinous state.

Chlorinated biphenyls appear to volatilize readily from water in laboratory

aquaria. However, in the presence of sediments or particulates (which characterize

natural waters), volatilization is markedly reduced due to adsorption onto particles.

Chlorinated biphenyls are strongly adsorbed on solid surfaces, including glass

and metal in laboratory apparatus, and on media such as soils, sediments, and

particulates. In aquatic environments, chlorinated biphenyls are associated with

sediments, and are usually present at much higher concentration in sediment than
——————————— el
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stable emulsions of PCB aggregates and that true solubility of Aroclor 1254 may be

less than 0.1 ug/l, rather than 12 ug/l as presented in Table 2.4 (USEPA, 1980).

Chlorobiphenyls are rreely soluble in relatively nonpolar organlc solvents and
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TABLE 2.5

DISTRIBUTION OF PCB USAGE BASED ON
DOMESTIC SALES, 1957 to 1975
(million pounds)
(EPRI, 1979)

DOMESTIC TOTAL TOTAL TOTAL PCB USE
SALES OF PCB USE IN PCB USE IN IN ELECTRICAL

YEAR N PCBs CAPACITORS TRANSFORMERS EQUIPMENT
1957 32.299 17.028 12.955 29.983
1958 26,061 14.099 5.719 19.818
1959 31.310 16.499 5.984 22.483
1960 35.214 16.967 7.921 24,888
1961 37.538 15.935 6.281 22.216
1962 38.043 15.382 7.984 23.366
1963 38.132 15.606 7.290 22.896
1964 44 869 19.540 7.997 27.537
1965 51.796 23.749 8.657 32.406
1966 59.078 28.884 8.910 37.794
1967 62.466 29,703 11.071 40,774
1968 65.116 29.550 11.585 41.135
1969 67.194 25.022 12.103 37.127
1970 73.061 26,708 13.828 40.556
1971 34,301 14.141 11.134 25.275
1972 26.408 20.321 5.335 25.656
1973 37.743 23.566 14.176 37.742
1974 34.000 22.000 12.000 34.000
1975 31.944 20.644 11.300 31.944
Total

(1957-

1975) 826.572 395.344 182.232 577.576
Total

(1930~

1957) 426,428 234 .656 152.768 387.424
Total
(1930-

1975) 1,253.000 630.000 335.000 965, (:00
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TABLE 2.6

END USES OF AROCLOR MIXTURES
(IARC, 1978)

End Use 1016 1221 1232 1242 1248 1254 1260 1262 1268
Current
Capacitors X X x X
Transformers x X X
Former
Heat transfer x

Hydraulics/lubricants
Hydraulic fluids x b X X X
Vacuum pumps X X
Gas-transmission turbines
turbines x x

Plasticizers
Rubbers b4 b4 X x x x
Synthetic resins x x x x x
Carbonless paper b4

Miscellaneous
Adhesives b4 X X X
Wax extenders x
Dedusting agents
Inks
Cutting Oils
Pesticide extenders
Sealants and caulking
compounds b.4

MoK oK MM N
W
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FIGURE 2.3

FATE OF POLYCHLORINATED BIPHENYLS PRODUCED IN THE U.S.A.

(x 10°1bs.)
(Adapted from Miller, 1982)
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The State Board obtained the preliminary survey results submitted to ARB and
compiled the data by classification of PCB users (Table 2.7). The estimate probably
represents a large proportion of PCBs in use in utility-owned equipment and under-
states other PCB usecs in California as of 1980. Of the 2.3 million gallons (29.7
million pounds) of liquids contzining PCBs at 50 ppm or greater, 1.5 milliomn
gallons (1$.4 million pounds) were in use by the State's five major utilities.

The five-utility ARB estimate is 40 percent of the EPRI Region IX estimate.
Malifarnia stare aepncips s ditional 0.45 million ga 8




TABLE 2,7

CALIFORNIA LIQUID PCB SURVEY
(ARB, 1980)

Use
Classification Number Total nrg Status of Total Trans-— Capac— Other
of PCB User Surveyed  PCBs (Gals) Equipment Gallons formers itors Liguids
T. Electrical 2/ 5 1,501,875 in service 1,431,443 796,265 635,178 -
Utilities <~ in storage 70,432 65,040 1,392
2. California ? 450,000 450,000 450,000
State Agencies
([estimated)
3. U.S. Military 20 151,262 in service 115,694 108,439 655 6,600
Facilities in storage 35,568 5,103 19 30,446
4. 0i1 and pPipe- 19 69,368 in service 68,215 52,224 15,991 —
line Companies in storage 1,153 10 127 1,016
5. Manafacturers 12 65,842 in service 57,397 54,939 687 1,771
in storage 8,445 8,371 24 50
6. U.5, Department 2 20,450 in service 16,910 13,859 3,451 -
of Energy Faci- in storage 3,540 2,000 - 1,540
lities
7. California 11 18,156 in service 15,931 12,826 3,102 3
Cities in storage 2,225 414 1.811 -
B. Miscellaneous 6 10,582 in service 10,420 10,200 220 -
in storage 162 162 — -
9. Special District 1 8,299 in service 8,299 1,983 6,316 -
Irrigation Dis.
10, Transportation 3 4,173 in service 4,171 2,900 1,271 -
in storage 2 - 2 -—
80 2,300,007 in service 2,178,480 1,503,635 666,471 8,374
in storage 121,527 85,100 3,375 33,052

2,300,007 1,588,735 669,846 41,426

1/ @Gallens of liquids containing greater than 50 ppm PCBs

2/ Los Angeles Department of Water and Power, Pacific Gas & Electric,
Southern California Edison, San Diego Gas and Electric, Sacramento Municipal Utility District
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3.0 ENVIRONMENTAL FATE

3.1 Introduction

The higher chlorinated isomers of PCBs are virtually indestructable by natural
processes and will recycle in an aquatic ecosystem for many decades (Figure 3.1).
Biological transformation of PCBs is extremely slow and limited to th lessgr
chlorinated isomers. Bioaccumulation is rapid and extremely high (107 - 10

times). Because of their water insolubility and highly lipophilic (e.g., attraction
to organic matter) nature, PCBs accumulate in tissues and sediments. The migration
of PCBs through soil is dependent upon soil structure, soil organic content, and

the presence of solvents mixed or in contact with the PCBs.

3.2 CDistribution Pathways

3.2.1 Air

Atmospheric transport and depositionm is the primary mode of PCB global distribution.
Airborne transport and deposition may account for 90 percent of the total PCBs in
Lake Superior (Eisenrich et al., 1980)}. Atmospheric deposition has also been
implicated as the major source of PCB input to Lake Michigan and many other waterways
throughout the world. PCB distribution in the air is affected by:

1. The volatility of the PCB isomer;
2. Meteorclogical conditions, (e.g., wind, temperature, humidity, rainfall);

and

3. Possible photodecomposition of the higher chlorinated isomers. (Photodecom—
position has only been shown under laboratory comditioms, and may not occur in
the atmosphere.)

3.2.2 Surface Waters

With the exception of the lesser chlorinated PCB isomers, most are extremely
hydrophobic. The distribution of PCBs in water is affected by:

1. The aqueous solubility of the PCB isomers which will fractionate into water or
be adsorbed by organic matter (Veith and Comstock, 1975);

2. Water flow and circulation which affect the distribution and desorption of PCBs
from matter and the transport of contaminated material (PCB desorption from
sediments has been shown to be negligible in several studies);

3. The amount of organic material suspended or surrounding the contaminated water;

4. The co-distillation or evaporative rate zt the water surface, as affected by
temperature and other meteorological conditioms.

Most PCB isomers will not be found in the aqueous phase, but adsorbed onto matter
within the water column,

3.2.3 Aquatic Biota

Bioaccumulation

Organisms readily take up PCBs because of their lipophilic and hydrophobic qualities.
Bioaccumulation varies significantly within the organs and tissues of an organism
as well as among different species. Bioaccumulation is affected by:
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FIGURE 3.1
PCB ENVIRONMENTAL PATHWAYS AND COMPARTMENTS
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1., The partition coefficient of the PCB isomer;

2. The trophic level and feeding mechanisms of the organism (e.g. benthic, plank-
tonic, nekton}); '

3. Surface area and size of the organism; and

4. Lipid content of the organisms and target organs.

PCB accumulation by fish appears to be a two-step process: from hydrosoil to
water, then water to fish (Halter and Johmson, 1977).

Biotransformation and Biodegradation

Biodegradation is the only process known to transform PCBs under environmental
conditions (Callahan et al., 1979). Biodegradation appears dependent upon the
number of chlorine atoms in the isomer. Those isomers with 5 or more chlorine
atoms are resistant to biodegradation.

3.2.4 Bottom Sediment (Hydrosoils)

Adsorption to sediments is the major process affecting PCB distribution in the
aquatic environment (Callshan et al., 1979). While sediment adsorption is effective
at immobilizing PCBs, resuspension of sediment can cause long-term contamination.
For example, an estimate of 30-150 years has been suggested for biological recycling
of PCBs in surficial Lake Superior and Lake Michigan sediments (Eisearich et al.,
1980). ©PCB distribution in bottom sediments is affected by:

1. Adsorption and desorption of PCBs by sediments. PCB desorption to equilibrium
is a slow process and contributes negligible amounts of PCBs to flowing waters
(Wildish et al., 1980). For example, in 120-day desorption tests, the estimated
loss of PCB from hydrosoil containing 500 ppm was only 0.35 percent (Halter and
Johnson, 1977).

2. Organic carbon content in sediments. The threshold concentration required for
significant PCB concentrations to be bound to sediments was found to be about 2
percent organic carbon in Lake Superior (Eisenreich et al., 1980).

3. Overlying water flow conditions, which affect resuspension and deposition rates
of sediments. Under static and flowing water conditions, hydrosoil PCB levels
of 10 and 500 ppm produced equilibrium levels of 0.13 to 7.60 ppb and 0.11 to
0.54 ppb PCB in water, respectively (Halter and Johnson, 1977). Although PCB
desorption is negligible, overlying water movement does affect the transport
and burial of contaminated hydrosoils in a river.

4. Downward mixing of sediment from bioturbation by benthic fauna or other biological
activity (e.g., spawning activity)., Bioturbation depths appear to depend on
the total sedimentationm rate and benthic organism activity. The net effect of
PCB fluxes to the sediment and mixing due to bioturbation is to increase the
exposure time of sedimentary PCBs to the overlying water and biotic activity
after PCB input has stopped.

5, Microbial degradation rates (limited to degradation of lighter PCBs}. PCB
sediment profiles reflect recent influxes of PCBs, followed by sediment reworking
by bioturbation and water currents. The National Enforcement Investigations
Center (NEIC) of EPA in Denver, Colorado successfully identified a major PCB
source in Lake Michigan by sampling sediments and recommends the use of
sediment analyses in foremsic investigations (Meigs, 1980).
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3.2.5 Terrestrial Soils

Adsorption and Desorption

As with aquatic sediments, PCBs are rapidly adsorbed by soils containing high
organic content. Soil type and conditions (e.g. pH, moisture) affect the adsorptiom
rate, distribution, and microbial degradation rate. Desorption occurs (1) when the
adsorptive retention capacity of the soils is exceeded by supersaturation, (2) when
soil conditions are altered (Farquhar et al., 1979), or (3) if an organic solvent
was spilled at the same site,

PCBs appear to remain immobile in soils leached with water or landfill leachate
(Griffin and Chou, 1981). Farquhar et al. (1979) measured water desorption of a
highly PCB-contaminated soil to be 0.1l to 0.55 percent.

Microbial Degradation

The rate at which PCB isomers degrade in soil appears to be related to the molecular
characteristics of the isomer. The more highly chlorinated isomers (4 or more
chlorines) showed no breakdown in a 15-month study (Figure 3.2) (Tinsley, 1979).
There are exceptionms to this generalization that pronounced degradatiom is inversely
proportional to chlorine number. In any case, degradation is very slow for PCBs
with more than 4 chlorine atoms (Halter and Johnson, 1977).

3.2.6 Ground Water

Ground water contamination was observed in a New Jersey study (Page, 198l1). Since
limited circulation, dilution, and microbial activity occur in ground water, PCB
contamination is a long-term problem. Factors which affect the soil mobility of
PCBs would determine the likelihood of contamination. These factors include seil
type and conditions, nature of leachate, and the presence of organic solvents

in the PCB mixture.

3.2.7 Terrestrial Plants

Plant foliage has been found to accumulate PCBs from the atmosphere. The amounts
accumulated vary among plant species. One study showed differential accumulation
factors between plant species to be constant for over two orders of magnitude of

PCB concentrations (Buckley, 1982). The study also showed that both PCBs and
polybrominated biphenyls in soil contaminate plant roots but cause little contaminat-
ion of leaves and stems. PCBs that were found in leaves and stems were carried by
vapor transport from the soil (volatilization) and not translocated through the
plant.

3.3 Water Contamination Potential

3.3.1 Surface Water

PCE contamination of lakes, rivers, and coastal ocean waters has been well documented
(Eisenrich et al., 1980; Turk, 1980; Hom et al., 1974). PCB contamination of
surface waterslis inevitable because of atmosvheric transport and devosition.
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FIGURE 3.2

RATE OF DEGRADATION OF PCB ISOMERS IN SOIL
(Tinsley, 1979)
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is due to the lipid solubility of PCBs. As a result, surface water contamination
by PCBs is less likely to be an identified problem than sediment or biotic accumu-
lation.

Destruction of PCBs in an aquatic system is very slow and limited to biological
transformation and degradation of the lesser chlorinated (4 or less) isomers. The
stability of the more chlorinated mixtures creates a serious long-term contamination
problem,

3.3.2 Ground Water

PCB contamination of ground water was detected during a 1977-79 study of surface
and ground water contamination problems in New Jersey (Page, 1981). The results
from this survey of over 600 wells showed the highest levels to be 3.4 ppb (Aroclor
1242), 5.4 ppb (Aroclor 1248), and 0.4 ppb (Aroclor 1254). Aroclors 1242 and 1248
had greater average detectable concentrations in surface water than ground water,
For Aroclor 1254 there was no significant difference (at the 0.05 significance
level) between the average detectable concentration in surface water and ground
water.

The factors which dictate the extent of PCB movement through soil into ground
water are related to the mobility of the PCB isomers in soil and the proximity of
the PCB source to the water table or well. Porous, loosely compacted aggregate
and soils with low organic content such as sand and fractured clay material would
not inhibit the downward mobility of PCBs (NRCC, 1980). However, if the soil is
rich in organic matter, PCBs would be readily adsorbed.

3.4 Monitoring Strategy

Based on present knowledge of the envirommental distribution and fate of PCBs, the
best monitoring strategy for detecting PCBs would be to focus sampling and analytical
efforts on the most probable compartments (water, sediments, biota, etc.) where

PCBs could be found. Analysis of the water column alone would be inadequate to
detect most PCBs. Only the more water soluble fractions could possibly be detected
in a routine water monitoring program. The hydrophobic and lipophilic nature of

the PCBs makes soil or sediment analyses, supplemented with collections of organisms,
a more appropriate and cost effective approach in monitoring contamination (Chapman
et al., 1982). A recommended monitoring strategy for detecting most PCB mixtures 1is
shown in Table 3.1.

Some of the key recommendations made by the National Research Council of Canada
(Roberts et al., 1978) for monitoring of PCBs in birds and fish are:

1. The lower chlorinated PCBs, which are more readily metabolized, might be
developed as indicators of recent contaminationm.

2. The higher chlorinated PCBs commonly used as standards may best be interpreted
as indicators of long term exposure.

3. It is important to report the size and lipid content of the organism along with
residue data for meaningful interpretation of contamination trends and patterns.

4. Residue tolerances should be developed on the basis of levels needed to
protect the most sensitive species.

5. Bioconcentration factors should be reported for a defined weight and a defined
lipid content.
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TABLE 3.1

RECOMMENDED MONITORING STRATEGY FOR PCBS

Aqueous Estimated
Specific Solubility log P

Aroclor Gravity (ppm) Values
1016 1.33 0.42 5.58
1221 1.15 15.0 4.09
1232 1.24 1.45 4.54
1242 1.35 0.1-0.3 5.58
1248 1.41 0.54 6.11
1254 1.50 0.01-0.06 6.03
1260 1.58 .0027 7.14

1/

IN AN AQUATIC ECOSYSTEM

Compartment to Monitor

Surface Sedi@enil Aq?atic
Water & Soil — Biota

X X

X X X

X X X

X X

X X

X X

X X

=" Correlations have been found with many organic compounds which show that
those with a water solubilify of less than 5.0 ppm.and an octanol/water partition
coefficient greater than 10~ tend to accumulate in the sediments (Hites and

Lopez~Avila, 1980).
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Most analytical laboratories currently report PCB concentrations in reference

to standards of Aroclor 1254 and 1260 which are primarily composed of the higher
chlorinated isomers (Table 2.2). Reporting of values for all identified isomers
or gas chromatogram peaks would be of further value.
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4.0 AQUATIC TOXICOLOGY

4.1 Introduction

Mortality of aquatic life from short term exposure to FCBs is likely to result from
episodic events (e.g. spills). The predominant situation in nature involves
exposure to low levels of PCBs over long time periods. Laboratory derived LCSQ
values are generally several times greater than the actual water solubility values
for PCBs. The expected toxic effects from PCBs in the field result from biocaccum-
ulation in body tissues such as the reproductive organs and liver. Some of the
sublethal effects observed in the laboratory include poor survival and abnormal
development of fish eggs and larvae. PCB residues in fatty tissue of parental
female fish will mobilize to lipids in ovaries and eggs during the reproductive
stages. This transfer is of major concern since developing larvae depend on stored
lipids as an endogenous food supply for several days after hatching. Although
toxic effects have been observed in PCB contaminated eggs and larvae, there has not
been any field confirmation. Making such observations is complicated by the
difficulty in observing fish egg and larval development in nature.

The concern for sublethal effects from PCB bicaccumulation led to the development
of guidelines that limit PCB residues in aquatic organisms, animal feed, and human
food (see Appendix G, Criteria and Standards for PCBs). The National Academy of
Sciences (NAS) and EPA jointly recommend a maximum concentration of 0.5 ppm-ww (wet
weight) in whole fish samples. This NAS/EPA guideline was established for the
protection of aquatic life and predators. The International Joint Commission (IJC)
also set a 0.1 ppm—ww limit on fish taken from the Great Lakes. The U.S. Food and
Drug Administration (FDA) has action level limits of 5.0 ppm—ww (edible portion)
for fish and a 2.0 ppm-ww limit for animal feed components.

PCB concentrations have been detected in the blood of fishermen who consume fish
from the Great Lakes (see Chapter 5, Mammalian Toxicology znd Human Health).

The bioconcentration and transfer of PCBs in the ecological food web represents
a threat to the well-being of all organisms including man.

4.2 PGB Dynamics in Aquatic Organisms

4,2,1 Uptake and Bioconcentration Factors

PCBs can be accumulated by aquatic organisms through contaminated food sources and
exposure to contaminated water and sediment. Studies have shown:

1. About 70 to 80% of the PCBs in a contaminated food source are taken up by fish.
There is higher body retention of chlorinated biphenyls with 5 or more chlorines.
Gruger et al. (1975) observed 70% retention of a hexachlorinated biphenyl and
47% retention of a tetrachlorinated biphenyl in coho salmon (Figure 4.1).

2. The intestinal absorption of PCB components is equal (Lieb et al., 1974) and
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PERCENT CHLOROBIPHENYL RETAINED IN TISSUES

FIGURE 4.1

PERCENT CHLOROBIPHENYLS IN WHOLE JUVENILE
COHO SALMON FED FOR 24, 53 AND 108 DAYS
(Gruger et al., 1975)
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19/, Striped Bass

FIGURE 4.2

PCB ACCUMULATION BY YOUNG-OF-YEAR STRIPED BASS
(Califano et al., 1982)

141
(o]

12+ °a
10 o water (larvae)

a water (y-0-y)

a filtered water
8 -
6 |

r’ =094

water

o) A 1 l !
0 025 030 075 100

pa/l, Exposure Water

-29-



Frederick (1975) also made a similar observation in a study of white suckers.
Branson et al. (1975) observed a constant uptake rate from 1.6 to 9.0 mg/l of a
tetrachlorinated biphenyl in water by rainbow trout fingerlings. Studies on
preferential absorption by this route suggest that the different water solubil-
ities of the individual PCB isomers may explain differences in PCB tissue residues
from those in the water (Sanders and Chandler, 1972; Camp et al., 1974; Frederick,
1975). Uptake from water is probably the dominant route of PCB accumulation by
aquatic life in the field.

Bioconcentration has been reported to be up to 104 times ambient water levels by
plankton and appears to be related to surface area {(Ware and Addison, 1974; Morris,
1975). Crganisms may absorb PCBs from direct contact and ingestion of contaminated
sediment or water near the sediment. PCBs have been detected in benthic organisms
from contaminated areas (Nimmo et al., 1971; Nimmo et al., 1974).

The bioconcentration factor (BCF) for PCBs appears to be independent of the ambient
water concentration because of their highly lipophilic nature. Whole-body residues
in brook trout fry exposed for 118 days were 40,000 to 47,000 times the ambient
water concentration (Mauck et al., 1978). Channel catfish (Ictalurus punctatus)
accumulated PCBs from 56,370 to 61,190 times the water level in 77 days from
exposure to Aroclors 1248 and 1254, respectively (Mayer et al., 1977).

For invertebrates, the bicaccumulation of PCBs ranges from 160 times the water
concentration after one-day exposure for crayfish exposed for two weeks (in the
laboratory) to 125,000 times for mysids (in the field). However, it is difficult
using current analytical procedures to distinguish between PCBs adsorbed omn the.
surface from those absorbed by the organism. Rinsing microorganisms and small
invertebrates with organic solvents to extract PCBs dissolves cellular material as
well. As a result, the bioconcentration factors for small organisms with large
surface areas are high.

BCFs for freshwater invertebrates range from 2,700 to 108,000 and from 3,000 to
2,333,000 in freshwater fish. BCFs for marine invertebrates range from 800 to

over 230,000 and 14,400 to over 670,000 in marine fish. USEPA (1980) estimates for
laboratory-derived bioconcentration factors are less than those for field measure-
ments (Figure 4.3). The lower laboratory-derived values appear to be due to
substantial partitioning of the PCB isomers to particles in the water and aquaria.

4.2.2 Distribution in Body Tissues

The distribution of PCBs in fish tissue is closely related to lipid content and

mass in relation to other parts of the body (Figure 4.4). Because of the lipophilic
nature of PCBs, the liver, brain, and ovaries are typical target organs. However,
redistribution of PCBs will occur from physiological changes or stress (e.g.
spawning or migration). During such periods lipid mobilization may occur. Food
deprivation may decrease fat deposits significantly enough to result in higher
concentrations of PCB residues in tissues. Whipple (1982) observed equal partition-
ing of PCBs in liver and ovaries of prespawning, maturing female striped bass. She
also noted that sexually mature female bass had more PCBs in the gonads than
sexually immature fish.

The distribution of PCBs within the tissTis also varies among species. Guiney and
Peterson (1980), using a radio-labeled ~C PCB isomer, compared the distribution
and elimination of PCBs between a nonfatty fish (yellow perch) and a fatty fish
(rainbow trout). In perch, the major sites of storage were viscera and carcass,
whereas in trout, skeletal muscle and carcass were the major distribution sites.
The difference may have been due to lipid content of the tissues.
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BIGCONCENTRATION FACTOR (Log Scale)
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FIGURE 4.3

FIELD AND LABORATORY BIOCONCENTRATION FACTORS (BCF)
FOR AQUATIC ORGANISMS EXPOSED TG PCBs
(USEPA, 1980)
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FIGURE 4.4
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4,2.3 Metabolism and Elimination

A variety of biota are capable of metabolizing the chlorinated biphenyls with less
than five chlorine atoms. Baxter et al. (1975) reported degradation of a tri-,
tetra-, and pentachlorinated biphenyl by the salt-marsh caterpillar, Sanborn et al.
(1975) reported a similar observation in bluegill sunfish. Lower chlorinated
biphenyls are metaboiized into polar compounds in the liver and excreted.

The rates of metabolism and elimination of PCBs are closely related to: (1) the
number of chlorine atoms, (2) position of the chlorine and hydrogen atoms on the
biphenyl ring, and (3) the amount of PCB residues bound to fat tissues. Chloro-
biphenyls with five or more chlorine atoms and without two ad jacent unsubstituted
carbon atoms are generally more resistant to biodegradation and therefore more
persistent. The elimination of PCBs from tissue is a lengthy process (Roberts

et al., 1978).

While the lower chlorinated biphenyls can be metabolized and eliminated from the
body, the higher chlorinated isomers are similar to DDT and DDE in their environ—
mental persistence. Guiney et al. (1979) measured the half-life (t-1/2) for whole
body elimination of a tetrachlorinated biphenyl at 1.76 years in female rainbow
trout and 1.43 years in males.

However, during the spawning season the half-lives were 0.52 year in females and
0.54 year in male trout. The increased elimination rate is primarily due to the
voiding of contaminated eggs and sperm. The study showed a redistribution of PCBs
during the reproductive cycle and illustrated the enhancing effect of egg and sperm
maturation and spawning on whole body elimination of PCBs in fish. PCB can also
alter sex hormone metabolism in adult salmonid fish and affect the mortality and
viability of eggs and fry (Freeman and Idler, 1975).

4.3 Aquatic Toxicity

4.3.1 TFactors Affecting Toxicity

A comparison of acute and sublethal toxicity data for PCBs is difficult. The

reported water concentrations of PCBs during these tests may actually underestimate
the sensitivity of aquatic organisms to PCBs. Zitko (1970) reported coagulation of
FCB test solutions containing particulate matter because of the low aqueous solubility
of PCB components. Results from such tests are difficult to reproduce and may not
reflect the true lethal tolerances of test organisms to PCBs. This may partially
explain the wide range in reported LC50 values (parts per thousand to parts per
~million). It is more accurate to refer to the LCS50 values as '"nominal"” or "starting"

doses,

The task of comparing toxicity data becomes even more complex due to the lack of
ctandardized test protocols for laboratory test conditions (e.g. flow, temperature),
developmental stage of the test organism (e.g. larval, adult), and composition of
the “PCB mixture" (e.g. isomers, contaminants, carrier solvent).

Researchers often introduce lipophilic compounds into water at levels much higher
than the water solubility of the compounds. This is achieved most often by mixing
the compounds with organic solvents (e.g. acetone). This practice can be defended
if the researcher wants to determine if the compounds are toxic to the organism
being studied or wants to know the mechanism of action of the compound in the
organism once it has proven to be toxic. However, the practice of adding compounds
at levels higher than their natural water solubility should not be followed if one
wants to determine accurate acute or chronmic toxicity values. Compounds introduced
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above their natural water solubilities will have the undissolved portion adsorbed
onto surfaces of particles in the water or container or test organism. Consequently,
a significant underestimation of the toxicity may result because the toxic effects
will occur at a concentration below that of the natural water solubility level.

4£.3.2 Lethal Concentrations

Acute toxicity values for selected aguatic organisms are shown in Table 4.1. Some
LC50 values listed in Table 4.2 greatly exceed the known water solubilities of the
PCB mixtures. This suggests that PCBs will rarely cause immediate mortalities of
aquatic life in the field.

Fish

A time-dependent dose relationship of mortality from PCB exposure has been observed.
The LC50 values for PCBs under short term exposure (£ 96 hours) are 10-100 times
greater than those reported from longer duration studies (Table &.2). The early
stages of Ffish appear to be more sensitive to PCBs than adult fish. Hansen et al.
(1974) observed mortality of sheepshead minnow eggs containing 7.0 mg/g-ww or more

of Aroclor 1254 within 24 to 48 hours after hatching. In a similar study Hansen et
al, (1975) noted no apparent reduction in survival of sheepshead minnow embryos and
fry containing 77 ug/g-ww of Aroclor 1016. This comparison illustrated a significant
effect on developing fish. Halter and Johnson (1974) observed decreases in egg
hatchability, mean hatching time, and alevin survival and growth for coho salmon

eggs and alevin exposed to Aroclor 1254.

Freeman and Idler (1975) observed a 78% hatching success for eggs from PCB-treated
brook trout fertilized with sperm from PCB-treated trout. Hatching success in the
control group was 100 percent. When fertilized eggs from either treated or control
fish were incubated in water containing 0.2 ppm Aroclor 1254 and 3.8 ppm Corexit
7664, less than one percent of the control eggs and none from the PCB treated fish
hatched. Jensen et al. (1970) reported a reduction in Atlantic salmon egg hatchability
from 16 to 100% for eggs containing 7.7 to 34 ug/g~lw PCB.

Shimmel et al. (1974) noted significantly fewer sheepshead minnow embryos developing
in a 10.0 ug/l Aroclor 1254 solution (7 day exposure) and fewer fry surviving at
concentrations greater than 0.1 ug/l. He concluded fry were more susceptible to
Aroclor 1254 than embryos, juveniles, or adults.

Temperature may also affect test results. The 10-day LC50 value for Aroclor 1248
at 20°C in channel catfish and bluegill sunfish was more than half that at 27°C
(Stalling and Mayer, 1972). The higher test temperature resulted in higher acute
toxicity possibly due to the additional stress produced by warmer conditionms.

Aquatic Invertebrates

Static and flow-through toxicity tests with aquatic invertebrates show that these
species are more sensitive than fish to the toxie effects of PCBs {(Mayer et

al., 1977). The acute toxicity LC50 values for several freshwater invertebrates are
listed in Table 4.1. Crustaceans were found to be more susceptible to PCBs than
aquatic insects.

Aroclor 1242 acute toxicities range from 10 ppb for scud (amphipod) to 400 ppb in
the damselfly. However, Aroclor 1254 acute toxicities range from 200 ppb for
damselfly to 2,400 ppb for the scud. The toxicity of the PCB isomer appears to
depend on the percentage of chlorination.
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TABLE 4.1

ACUTE TOXICITY OF PCBs to AQUATIC ORGANISMS
(Adapted from Mayer et al., 1977 and USEPA, 1980)

EXPOSURE (daYT} 2/
ORGANISM AND COMPOUND and TEST TYPE~ LC50 (ug/L)=

Amphipod _

Aroclor 1242 4F 10

Aroclor 1248 45 52

Aroclor 1254 48 2,400

2,3,4"' trichlorobiphenyl 48 70

4,4' dichlorobiphenyl 43 100

2,4' dichlorobiphenyl 48 120

2,4,6,2',4',6"' hexachlorobiphenyl 45 150

2,4,5,2',5' pentachlorobiphenyl 48 210
Crayfish

Arocler 1242 75 30

Aroclor 1254 : 75 100
Glass Shrimp

Aroclor 1254 7F - 3
Damselfly

Aroclor 1242 4F 400

Aroclor 1254 4F 200
Dragonfly

Aroclor 1242 78 800

Aroclor 1254 75 1,000
Fathead Minnow

Aroclor 1242 4F 15

Aroclor 1254 4F 8
Fathead Minnow (juvenile)

Aroclor 1242 4F 300
Cutthroat Trout

Aroclor 1242 48 5,400

Aroclor 1248 48 5,700

Aroclor 1254 48 42,000

Aroclor 1260 48 61,000

i F = flow-through toxicity test; S = static toxicity test

2/ Some LC50 values exceed the water solubility of the PCB compound tested.
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Organism

COMPARISON OF TOXICITY VALUES DERIVED FROM

TABLE 4.2

SHORT- AND LONG-TERM PCB EXPOSURES

(Mayer et al., 1977; USEPA, 1980)

1/

Aroclor —
1242 1248

CHRONIC

Rainbow trout,
Salmo

gairdneri

Blueqills,

Lepomis
macrochirus

Channel catfish,
Tetalurus
punctatus

ACUTE

Fathead minnow,

Pimephales
promelas

Fathead minnow
{juvenile}

Redear sunfish,
Lepomis
microlophus

Largemouth bass,
Micropterus

salmoides

Rainbow trout,
Salmo

gairdneri

1/ Concentration expressed as ug/1 (ppb)

12 3.4

120 100

132 104

15

300

1254

27

239

181

1260 Other

49

465

Capacitor 21
19

Capacitor 21
2.3

Capacitor 21
2.0
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Time of
Exposure Comnents

o
25 days LC30, 17 C

o
25 days LC50, 17°C

O
25 days LC50, 17°C
9& hour LC50, flow thru
96 hour LC50, flow thru
96 hour LC50, flow thru
96 hour LC50, flow thru
96 hour LC50, flow thru



Nebeker et al. (1974) found the relative toxicity (three week LC50) of eight Aroclor
mixtures on water fleas (Daphnia magna) to differ by as much as a factor of ten
under static tests. With the exception of Aroclor 1268, the acute toxicity
decreased with increasing chlorination. When flow through tests were conducted,

the 2 week LC50s for Aroclor 1254 and 1258 were about 0.1-0.05 of the 3 week

LC50s derived from static tests. In the same study, widge pupae (Tanytarsus
dissimilis) were more semsitive to Aroclor 1254 than the larvae. Results from
static tests are generally considered underestimations of toxicity because of aging
and adsorption of the test material to the bioassay tamks. Flow through bioassays
provide better conditions with which to test toxicity.

Nimmo et al. (1971) observed juvenile pink shrimp (Penacus duovarum) to be more
sensitive to Aroclor 1254 than adult shrimp. A 1 ppb Aroclor 1254 concentrationm
resulted in mortalities within 15 days while adult shrimp mortaltites occurred at
2.4 to 4.3 ppb within 17 to 53 days. They suggested that it was related to molting
stage. A similar observation by Wildish (1970) was reported for newly molted scuds

(Gammarus sp.).

4.3.3 Sublethal Effects

Reproductive Effects

Fish
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PERCENT MORTALITY

FIGURE 4.5
PERCENT MORTALITY OF ATLANTIC SALMON EGGS

DURING INCUBATION IN RELATION TO PCB RESIDUES

(Jensen et al., 1970)
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Viable hatch (%)

FIGURE 4.6

PERCENT VIABLE HATCH OF BALTIC FLOUNDER EGGS

1004

g

IN RELATION TO PCR RESIDUES IN OVARIES
(Von Westernhagen et al., 1981)
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TABLE 4.3

TOXIC EFFECTS OF PCBs IN FISH
(USEPA, 1980)

AROCLOR  AROCLOR  AROCLOR  TIME OF
ORGANISM 1248 1254 1260 EXPOSURE BIOLOGICAL RESPONSE
Brook trout (eggs ¢.2 ppm 21 days 78%Z hatching success
& sperm) Salvelinus (mg/1) compared to comntrol
fontinalis
Brook trout hatch- 1.4 ppb 48 days Reduced growth rate
lings (ug/1)
Brook trout hatch- 1.4 ppb 118 days Abnormal bone
lings development
Brook trout hatch- 0.43 ppb 118 days No effect level for
lings normal bone develop-
) ment
Fathead minnow 0.4 ppb 240 days 20% reduction in
Pimephales standing crop in Znd
promelas - generation fish due
: to death of larvae
soon after hatching
Fathead minnow 4,7 ppb 3.3 ppb 30 days LC50, flow through
(acute) bioassay
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Invertebrates

Hansea (1974) observed changes in species composition of communities developing
from planktonic larvae at 1 ug/l Aroclor 1254. A significant reductiom in growth
rate and population densities of the ciliate protozoan Tetrahymena pyriformis
occurred at the same concentration (Cooley et al. 1972). A reduction in production
of young waterfleas and both freshwater (Gammarus pseudolimnoeus) and marine scuds
(Gammarus oceanicus) was observed at PCB levels below LG50 values (Wildish, 1970).
Chronic effects have been seen for Daphnia magna at 4.3 ppb of Aroclor 1248 and at
2.1 to 15 ppb for Aroclor 1254 (USEPA, 1980).

Phytoplankton

Unicellular algae are affected by PCBs at concentrations similar to those which
cause chronic effects in animals. Reduced growth and cell division were observed
in unicellular algae (Table 4.4) exposed to Aroclor 1254 at 0.1 ug/l.

The mechanism of PCB toxicity to phytoplankton is not defined. Reductions in
growth may be due to inhibition of enzymes involved with nutrient uptake and
fixation (Fisher, 1975). 1In laboratory hatch culture studies, disruption of
chloroplast and vacuolar morphology has been reported in the range of 10-50
ug/l (Glooschenko and Glooschenko, 1975).

Plants

PCBs disrupt photosynthesis by damaging chloroplasts and reducing chlorophyll
levels and total RNA cellular material (Mahanty and McWha, 1976; Mahanty and
Fineram, 1976). Mahanty (1975) observed a population reduction of the floating
aquatic plant Spirodela oligorrhiza at 500 ug/1 Aroclor 1242 (lowest level
tested). This amount is well above the reported water solubility of Arocloer
1242,

Behavioral Effects

In short-term tests (90 minutes), grass shrimp, mosquitofish, and pinfish avoided
Aroclor 1254 at concentrations as low as 0.1 mg/l while sheepshead minnow and pink
shrimp did not avoid Aroclor 1254 below 10 mg/1 (Hansen, 1974). Observations on
fish sluggishness and lethargy have also been reported (Johansson et al., 1972).

Tissue Damage

Numerous pathological responses have been observed in fish exposed to PCBs.

Tissue damage has been reported in the gills, liver, kidneys, pancreas, and spleen.
Pronounced effects on the liver such as degeneration (e.g. lesions) and lipid
deposition have been reported (Schoettger, 1971; Hansen et al., 1974; Roberts

et al,, 1978). 1In addition to tissue damage, a reduction in growth rate associated
with changes in thyroid activity resulting from PCB exposure has been reported
(Nebeker, 1976).

Parrish et al. (1972) and Duke et al. (1970) reported growth inhibition of oysters
exposed to Aroclor 1254. Mauck et al. (1978) found that 48-day exposure of brook
trout hatchlings to l.4 ug/l Aroclor 1254 resulted in significantly reduced growth
rates. No difference in growth of surviving fry was observed after 118 days,
presumably due to the mortality of weakened fish. There is evidence that exposure

to PCBs results in abnormal bone development. Backbone development in fry exposed
for 118 days was significantly altered. The no-effect concentration of Aroclor

1254 for brook trout fry backbone composition, growth and mortality were respectively
0.43, 0.7 and 1.5 ug/l.
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TABLE 4.4

EFFECTS OF AROCLOR 1254 ON PLANKTON ORGANISMS
(USEPA, 1980)

SPECIES EFFECTS CONCENTRATION (ug/1)Y/
Diatoms: Saltwater Species
Rhizosclenia setiger No growth in 48 hr. 0.1
Reduced growth
thereafter
Thalassiosira pseudonana Reduced growth 25 to 100
Thalassiosira pseudonana Reduced cell division 1.0
Skeletonema costatum Reduced growth and
reduced cell division 10
Cyllindrotheca closterium Reduced growth 100
Chaetoceros socilis Reduced cell division 10
Nitzschia longissima No effect on cell
division 100
Phytoplankton:
Monochrysis lutheri Reduced cell division 10
Isochrysis galbana Reduced cell division 1
Dunallella tertiolecta Increased cell division 100

Mixed Communities:

Phytoplankton populations Toxicity in 24 hrs. 15
Phytoplankton populations Toxicity in 24 hrs. 6.5
Natural phytoplankton community Decreased diversity,

species ratio altered 100
Phytoplankton communities Reduced biomass and size 1

Diatoms, Thalassiosira pseudonana Reduced growth and carbon
and Skeletonema costatum fixation in 48 hr. 10

Diatom, Thalassiosira pseudonana Species ratio change 1
and green alga, Dunallella
tertiolecta

Diatom, Thalassiosira pseudonana Species ratio change c.1
and green alga, Dunallella
tertiolecta

1/ Some values exceed the solubility of Aroclor 1254 (12 ug/l).
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Effects on Immune System

PCBs can indirectly reduce the ability of an organism to combat infection and
disease by affecting the thymus and spleen. These organs are an integral part of
the immune system of fish. Incidences of fin rot in Dover sole off some major
Southern California ocean outfalls correlated with areas with extremely high PCB
levels in the sediment (McDermott et al., 1976). Studies have also shown increased
viral infection rates in pink shrimp exposed to PCBs {Couch, 1976). Fungus—like

- lesions on the body and mouth and hemorrhaging around the mouth was observed in
pinfish as a result of PCB poisoning (Hansen et al., 1971).

- 4.4 Conclusion

PCBs are complex mixtures of chlorinated biphenyls and other contaminants. Their
effects on aquatic life are primarily a function of the physical and chemical 4
properties of specific isomers. All _PCB isomers bioaccumulate rapidly up to 10
times in the laboratory and up to 10  times ambient water concentrations in the
field. This phenomenon to bioconcentrate is a major threat to vital organs of
aquatic organisms. The lesser chlorinated biphenyls (less than five chlorine
atoms) are more readily biodegradable. The differences in aqueous solubilities,
lipophilic nature, and stability account for the pattern of PCB distribution in
tissue. The ability of an organism to detoxify and eliminate from the body the
lower chlorinated biphenyls makes them of lesser environmental concern than the
higher chlorinated mixtures. However, this elimination of PCBs from tissue remains
a very slow process, '

Early life stages of fish and invertebrates are more sensitive to PCBs than adult
stages. The reproductive success and propagation of existing fisheries is highly
vulnerable to parts-per-million levels. The detection of PCBs in aquatic life
throughout the world is significant. Tissue burdens in Baltic flounder, Atlantic
salmon, and striped bass have often exceeded levels where poor reproductive success

has been reported in other fish species. 1In view of their high bioaccumulation
' Y emi e AL mwe
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5.0 MAMMALTAN TOXICOLOGY AND HUMAN HEALTH

5.1 Introduction

Controversy has recently risen over whether PCBs pose a significant risk to human
health. The central theme of this chapter is to compare differing interpretations
by three groups of existing scientific studies: (1) a detailed review conducted by
the consulting toxicology firm of Drill, Freiss, Hayes, Loomis, and Shaffer, Inc.
in February, 1982 for the Edison Electric Institute (EEI), (2) a more cursory
review prepared by Ecology and Enviromment, Inc. in November 1981 for the Chemical
Manufacturers Association (CMA), and (3) the USEPA's Response of August 1982 to
these reviews. We have also provided our own evaluation of existing studies.

In each subchapter, points of difference and/or agreement between the USEPA and
the EEI and CMA consultants are compared. In addition, we have based this review
on (1) an assessment of the existing literature, (2) communication with several
researchers active in the field, and (3) comments by peer reviewers.

This review highlights recent findings in the areas of animal cancer bioassays,
metabolism, and biochemical bases for toxicity. A discussion of the significance
of existing epidemiological studies is also included.

Although commercial mixtures of polychlorinated biphenyls (PCBs) show very low
acute toxicity in mammalian systems, these compounds are of comncern because they
are bioaccumulated and highly resistant to metabolism and biodegradation. Concern
over possible effects on human health has concentrated on long-term PCB exposure.
In populations with no history of exposure to PCBs, these substances have been
detected in human blood, adipose tissue, and mothers' milk. Animal studies have
shown that chronic PCB exposures have adverse reproductive effects and increase the
activity of certain liver enzymes. Although a number of animal studies have been
negative, some studies in mice and rats have shown PCBs to be animal carcinogens.
The Working Group of the International Agency for Research on Cancer (IARC) in
1978 placed polychlorinated biphenyls on a list of 18 chemicals that "are probably
carcinogenic in humans" (IARC, 1978). The National Toxicology Program's Second
Annual Report on Carcinogens (December 1981) listed PCBs among a total of 88
substances that are either known or anticipated to be carcinogens.

Much of the existing information on the toxicity and health effects of PCBs is
equivocal. Thus, it is possible for reviewers to differ in any assessment of risks
posed by these chemicals. The effect of highly toxic contaminants in commercial
mixtures complicates understanding of the toxic effects of "pure"” PCBs. The many
different polychlorinated biphenyls themselves have diverse physical, chemical, and
biological properties. And it is important to distinguish between studies that
investigate specific isomers of chlorinated biphenyls, those that utilize commercial
mixtures, and those that examine enviromnmental residues.

In "Summary of the Health Effects of PCBs," prepared by Ecology and Environment,
Inc. for the Chemical Manufacturers Association, the authors concluded that "any
exposure to PCBs does not pose a significant health risk to humans" (Ecology and
Environment, Inc. 1981, p. 1). They also stated that animal data indicate a low
acute hazard potential; minimal mutagenic, reproductive, and teratogenic risks; and
that "the carcinogenic potential of this compound has not been convincingly demon-
strated in an animal model relevant to man." The authors assert that, at most,
PCBs act as weak promoters, not initiators of cancer, and that there are thresholds
that suggest safe levels to PCBs. Epidemiological studies indicate that the usual
consequences of PCB exposure are reversible skin disorders. 'Therefore, it appears
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that PCBs are not a remarkable toxicant, but a chemical which requires high doses
to produce harmful effects" (Ecology and Environment, Inc., 1981, p. 3).

The Drill et al. report (1982), "Potential Health Effects in the Human from Exposure
to Polychlorinated Biphenyls and Related Impurities," prepared for the Edison
Electric Institute, reached conclusions similar to those of Ecology and Environment,
Inc. Of effects in animals, only dermatological effects have been noted in humans
occupationally exposed to PCBs. "Since the risk to human health from even high

. level occupational exposures has been shown by the studies available to be low, it
may be concluded that much lower human exposure levels do not present significant
risks" (Drill et al., 1982, p. 13).

On August 4, 1982, Dr. Seymour Freiss, a principal partner in DFHL&S, the firm
authoring the Drill et al. report, summarized his interpretation of existing health
effects data to staff members of several California regulatory agencies. A summary
of Dr. Freiss' interpretation is contained in Appendix B of this report.

Dr. Freiss concluded that the two health effects observed in workers exposed to
PCBs and in laboratory tests animals were reversible and, therefore, not serious.
These effects are the skin disorder known as chloracne and induction of certain
enzymes known as mixed function oxidases.

In support of this interpretation, Dr. Freiss noted that in laboratory experiments,
"the bulk of the studies on animals yielded negative results on cancer in all
tissues in all species, with an exception of some unverified results on liver
cancer in mice and rats" (see Appendix B, p.2). The adverse reproductive effects
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chemicals exert their effects on mammalian systems. The pharmacokinetics of
individual polychlorinated biphenyls is affected not only by the degree to which
the biphenyl ring is chlorinated, but also by the location of chlorine atoms on the
ring.

The absorption, storage, and metabolism of polychlorinated biphenyls have been
reviewed by Safe (1980), in a chapter that carefully distinguishes between the
pharmacokinetics of PCB isomers and PCB commercial mixtures. Because there is
variation between the chemical and physical properties of individual PCB isomers,
there are differences with respect to rates of mammalian uptake, retention, and
metabolism. Thus, there are differences between the chromatographic profile of a
parent commercial mixture (containing 50 or more isomers) and the tissue sample
obtained from an experimental animal that consumed the commercial mixture (Safe
1980). There are also species differences: rats and dogs will metabolize and
excrete certain isomers (for example, 4,4'- dichlorobiphenyl and 2,2',3,3',6,6'-
hexachlorobiphenyl) several times more rapidly than monkeys (Matthews and Kato,
1979).

Little pharmacokinetic data has been reported on humans (Letz, 1981), but it is
known that gas chromatographic profiles of PCBs in human tissues differ from
commercial products (Wolff et al., 1982).

5.2.1 Absorption

Polychlorinated biphenyls are readily absorbed by dermal, inhalative and ingestive
routes of entry. Data obtained from laboratory rats show similar patterns of
systemic toxicity after dermal, oral, or inhalational administration. Although
spec1f1c information on the rate or degree of PCB absorption by any route for any
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