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Abstract

A literature review was conducted on the physical and
.chemical properties of polychlorinated biphenyls (PCBs), their
concentrations in the marine environment, their fate and
persistence, their bioaccumulation, and their toxicity to
- marine biota. The information is summarized in this
publication. From it, a Canadian water quality guideline is
developed for PCBs to ensure the protection and
maintenance of marine aquatic biota. ’

Résume

On a fait une étude de la documentation sur les
propriétés physiques et chimiques des polychlorobiphényles
- (PCB), leurs concentrations dans 'enivironnement marin, leur
devenir et persistance, leur bioaccumulation, et leur toxicité
pour le biote marin. On trouvera dans cette publication un
résumé de linformation sur le sujet. Cette information a
servi & 'élaboration de recommandations relatives aux PCB -
afin de protéger et préserver le biote aquatique- marin.

vi




Preface

Polychiorinated biphenyls (PCBs) are a

. complex group of chiorinated hydrocarbon

compounds that, because of their long-term
production, muttiplicity of uses, and environmental

persistence, are widespread in the environment.
Serious concerns about PCB contarnination of .

the environment have been raised because of
their persistence in the environment, their
tendency to bioaccumulate in biota, and their
chronic toxicity effects on biota. These concerns
have resulted in Canadian govemment actions to
halt the import and production of PCBs
(Strachan, 1988) and ensure their safe disposal
(e.g., Canadian Environmental Control
Newsletter, 1988; Environment Canada, 1988). In
Canada (CCREM, 1987) and the United States

(U.S. EPA, 1980), water quality guidelines have
been established at levels that ensure the

. protection of freshwater aquatic biota. However,

whereas a water quality guideline of 0.03 pg-L’
for PCBs ‘has been established by the United
States for marine aquatic biota (U.S. EPA, 1980),
none has yet been established for Canada. The
purpose of this report is to develop a Canadian
water quality guideline for PCBs that ensures the
protection and maintenance of marine aquatic
biota by considering the physical and chemical
properties of PCBs, their concentrations in the

_marine environment, their fate and persistence,

. their bioaccumulation, and their toxicity to marine

vii

biota.
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| Canadian Water Quality Guidelines for
Polychiorinated Biphenyls in Coastal and
Estuarine Waters

D.R.,J. Moore and S.L. Walker

IN'TRODUCTION AND BACKGROUND

Polychlonnated blphenyls (PCBs) is the generic
term for a group of 209 congeners that contain a
varying number of -substituted chlorine atoms-in a
biphenyl ring (Appendix B) (Tanabe, 1988). The
potential positions for chlorine substitution are
numbered according to the American Chemical Society
standard notation (Fig. 1), and PCBs having the same

3 2 2 ¥
ul 1 l"
5 6 6 5

A MONOCHLOROBIPHENYL .
(2-Chlorobiphenyl),

Cl o da

cl

A PENTACHLOROBIPHENYL
(2.2',3,4' ,5-Pentachlorobiphenyl)

Figure 1. Numbering system and nomenclature for PCBs.

number of chlorine atoms per biphenyl ring are
grouped into a specific class and accorded a numeric -
prefix-to define the number of substitutions (Table 1)
(Rappe and Buser, 1980; Ghirelli et al., 1983). Hence,
tetrachlorobiphenyl has four chlorine atoms substntuted
on a biphenyl ring.

Table 1. Number of Possible Isomers and Percent Chlorine for
the Ten Chlorobiphenyl Classeés

. - No. of Percent
) Empirical possible chlorine
Chlorobiphenyl - formula isomers by weight
Biphenyl C:Hio 1 0
Monochlorobiphenyl C,.H,C1 3 18.8
Dichlorobiphenyl C,;H Cl, 12 . 31.8
Trichlorobiphenyl C,H,C, 24 413
Tetrachlorobiphenyl - C,.H.Cl, T 42 48.6
Pentachlorobiphenyl C,,H,Ql; - 46 543 .
Hexachlorobiphenyl C,H,Clg 42 589
Heptachlorobiphenyl C H,Cl, 24 -62.8 -
Octachlorobiphenyl C,,Hz s 12 66.0
Nonachlorobiphienyl C HCL, 3 68.7

Decachlorobiphenyi CuCly, - . 1 : 71.2

Source : U.S. EPA, 1980.

Commercially, PCBs are produced as complex
mixtures of chlorobiphenyls whose usage is primarily
determined by the percentage of chlorine in the
mixture. Mixtures containing 21%—54% chlorine by
weight are used. extensively in closed electrical
systems as dielectric fluids (U.S. EPA, 1980). Both
high and low chlorinated mixtures are used in a variety
of other’ applications, including plasticizers, heat

- transfer fluids, hydraulic fluids; fluids in vacuum pumps
-and compressors, lubricants, wax extenders, and

special adhesives, and as surface coatings for

- carbonless copy paper (Peakall and Lincer, 1970;

CCREM, 1986). All these latter uses were. curtailed in

- the United States in 1971 (U.S. EPA, 1980) and in

Canada in 1977 (Strachan, 1988). In Canada, PCBs
are currently used only in closed electrical equipment -
manufactured prior to 1980 (Strachan, 1988). The
most common trade names under which PCB fluids
have been sold include Aroclor, Askarel, Kanechlor,
and Phenoclor (see Table 2 for other trade names)

_(McDonald and Tourangeau, 1986). All PCBs

manufactured in North America were manufactured by

~ Monsanto Co. under the trade name Aroclor. The



Table 2.  Trade Names of Vﬁrlous PCB Formulations

i

Inerteen (U.S. & Can.)

Apirolio

" Aroclor (U.S, & Can.) . Kanechlor (Japan)
AroclorB J " Nepolin '
Asbestol Phenoclor (France)
Askarel Pydraal (U.S.)
Chlophen (Gen'nany) Pyralene (France) =~ ~
Chlorextol "Pyranol (U.S. & Can.)
Chlorinol . Pyroclor (Britain)
Diaclor - Saf-t-kuhl
DK Decachlorobiphenyl Santotherm (Japan)
Dykanol ‘ Santovec |
Elemex Santovec 2 -
Eucarel Sovol
Fenclor (Italy) Therminol Fr Series
Inclor

Source: McDonald and Tourangeau, 1986.

- commercially available Aroclor mixtures are designated
‘by numbers such that the first two digits represent
molecular type (12 =
" last two digits represent percent chlorine by weight
(Peakall and Lincer, 1970; Kalmaz and Kalmaz, 1979).
Thus, Aroclor 1242 is a mixture of chiorinated
biphenyls with 42% chlorine by weight.

Production

~ PCBs were first synthesized by Schmidt and
Schulz in 1881 and have been in commercial
production since 1929. From the mid-1950s, worldwide
PCB production increased substantially to a peak at
the end of the 1960s (Tanabe, 1988). Altogether,
~ approximately 1.2 million tonnes of PCBs have been

produced worldwide, of which only 4% has been .
degraded or incinerated, 65% is land stocked and .

potentially available to the environment, and another
31% has already been released to the environment

chiorinated biphenyls) and the

~
I4

(Hansen, 1987; Tanabe, 1988). With the discovery of - ’

widespread PCB contamination in the environment:
(Jensen et al, 1969), production sharply declined

through the 1970s and 1980s, although several

countries, most notably the Soviet Union and Japan,
stil manufacture PCBs in significant quantities
(Tanabe,. 1988).

In North America, approximately 635 000 t of
- PCBs were produced before their import and
manufacture were banned (CCREM, 1986). Of this
total, 40 000 t were imported into Canada (no PCBs
were manufactured in Canada) (Environment Canada,
1985). At present, 24 300 t are accounted for in

‘U.S. states (e.g.,

‘and Ontario for fresh water (Richardson,

storage for disposal or are in active use, mostly in
electrical transformers (Table 3)[ (Environment Canada,
1985). Thus, 40% of all PCBs imported to Canada are
unaccounted for, ‘and most have probably been
dispersed to the environment.

{

\

Table 3. PCB Inventory by Application for Canada .

Application . Quantity (t) % total
Electrical . 4
Capacitor - 27936 11.5
~ Transformer 14 852.8 61.1
Electromagnet 55.9 0.2
Other - 79.4 <03
Mechanical
Hydraulic 17.5 0.1 .
Heat transfer ) - 0.1 0.0004
Vacuum equipment 1.0 0.004
" Storage for disposal 6 510.0 26.8

Source: Environmeni Cannda, 1985.

Review of Guidelines and Legislation

 Guidelines

The U.S. EPA (1980) PCB criterion to proiect

freshwater aquatic life is 0.014 pg-L" as a 24-h |

average. The corresponding marine water criterion is
0.03 pg-L"'. However, the authors of the U.S. EPA
(1980) document stated that these criteria were
probably an order of magnitude too high, because

"each criterion was based on bioconcentration factors

measured in the laboratory, which underestimate field
bioconcentration factors by at least 10 times. Several
indiana, Ohio, Pennsylvania) have
more conservative water quality criteria for the
protection of freshwater aquatic life (i.e., 0.001 gg-L")
(Richardson, 1987).

The Canadian freshwater PCB guideline to prdtect

'aquat|c life is 0.001 pg-L' (CCREM, 1987). This

guideline is equnvalent to the water quality objectives
set by the International Joint Commission (IJC) for the -
Great Lakes and those set by the provinces of Quebec
1987).
Canadian PCB guidelines for the protection of marine
aquatic life do not yet exist.




Legislation
In Canada, PCBs fifst received serious attention
after a 1976 task force report. Based on this report,
the Canadian government passed legislation in 1977,
under the new Environmental Contaminants Act
(Strachan, 1988), banning all import, manufacture, and
use of those PCBs containing three or more chlorine
atoms (except for use as dielectric or heat transfer
fluids). In 1980, this legislation was revised to prohibit
the use of PCBs in new electrical equipment or for
servicing existing equipment. Additional regulations
implemented in 1985 restricted PCBs to dielectric fluids
in existing electrical equipment. This equipment is
being phased out of use, and all equipment using
PCBs should be out of service within several decades
(Strachan, 1988). PCBs appear on the Canadian
Environmental Protection Act (CEPA) Toxic
Substances List (Canada Gazette, 1989).

PHYSICAL AND CHEMICAL PROPERTIES

There are 209 possible PCB isomers and
congeners for the biphenyl  molecule, containing
between 1 and 10 chlorine atoms (Appendix B)
. {Hansen, 1987; Safe et al, 1987). Commercial
production involves random chlorination, such that any
given formulation can have from 40 to 80 individual
PCB congeners (Safe et al., 1987). Because of varying
manufacturing conditions, congener profiles for each of
the PCB formulations (e.g., Aroclor 1260) vary with
time (Stout, 1986). Therefore, PCB formulations are
not exact substances, which has three consequences:
(1) the physical and chemical properties of PCB
congeners and formulations vary; (2) analytical

procedures are often inaccurate, and international

- collaborative studies have noted wide variation in
identifying and -quantifying PCB congeners from
standard samples (Stout, 1986); and (3) similar
formulations vary markedly in their biological activity,
particularly in their partitioning behaviour, persistence/
degradability, and toxicity (Hansen, 1987). In addition,
few studies have considered the effects of salinity on
the physical and chemical properties of PCBs. Thus,

the detailed behaviour of PCBs in the marine

environment is largely unknown,

With these points in mind, this section of the report
will describe the physical and chemical properties of
PCBs in the marine environment, the analytical
methods for the detection of PCBs, and the
methodological limits of detectlon

~Appearance

Chlorobiphenyls are colourless crystals when
isolated in pure form by recrystallization (Rappe and -
Buser, 1980). However, when the biphenyi is
catalytically chlorinated with anhydrous chlorine during
commercial manufacture, the melting point of the
resulting formulation is lowered and a liquid is
produced (Rappe and Buser, 1980; Ghirelli et al.,
1983). Lower chlorinated PCB formulations (Aroclor
1016, 1221, 1232, 1242, 1248) are colourless mobile

“oils (U.S. EPA, 1980). Higher chlorinated formulations
* are yellow viscous liquids (Aroclor 1254), black resins

(Aroclor 1260, 1262), or white powders (Aroclor 1268,

©1270) (U.S. EPA, 1980).

Molecular Composition of Aroclor Formulations

The lower chlerinated Aroclor formulations (1221,
1232, 1016) are composed primarily of mono-, di-, and
trichlorobiphenyls (Table 4) (Rappe and Buser, 1980).
Aroclor 1016 was introduced by Monsanto Co. in 1971
to replace the more biologically persistent. Aroclor

Table 4. Approximate Molecular Composition (%) of Aroclor

Mixtures
Chlorobiphenyl 1221 1232 1016 1242 1248 1254 1260
Biphenyl ’ 110 60 T - - - -
Monochlorobiphenyl 510 260 10 10 - - -
Dichlorobiphenyl 320 290 200 170 10 - -
Trichlorobiphenyl 40 240 570 400 230 - -
Tetrachlorobiphenyl 20 150 21.0 320 500 160 -
Pentachlorobiphenyl 05 05 1.0 100 200 600 120
Hexachlorobiphenyl - - Tr- 05 10 230 460
Heptachlorobiphenyl - - - - - 1.0 360
 Octachlorobiphenyl - - - - - - 60
Nonachlorobipheny! -~ - - - - - -
Decachlorobipheny! - - - - - - - -

Source: U.S. EPA, 1980,
Tr = trace (<0.01%)

1242; it differs from the latter in having the penta- and
higher chlorobiphenyls removed (Ghirelli et al.; 1983).
With increasing chlorine content, mono-, di-,. and
trichlorobiphenyls gradually - disappear from the
formulations; these compounds are absent in Aroclors
1254 and 1260, which are rich in penta-, hexa-, and
heptachlorobiphenyls (Table 4) (U.S. EPA; 1980).



Molecular Weight

J

~ The molecular weights of the Aroclor formulations

fange from 192 g-mol™ for Aroclor 1221 to 372 g-mol™ -

for Aroclor 1260 (Table 5) (Mackay et al., 1983). The
~molecular weights for chlorobiphenyl congeners range
from 189 to - 499 g-mol’ for mono- and
decachlorobiphenyls, respectively.

Bplllng Point

The boiling points for the Aroclor formulations and
_ specific PCB congeners are listed in Table 5. In

measurement and because PCB formulations are
mixtures of congeners that may volatilize at different
rates. Laboratory studies often determine vapour
pressure as an estimate of a compound’s potential
volatility in the environment. However, other factors in
the environment, such as depth of the water body, air
and water movement, concentration of PCBs in the
water, sediment organic content, and presence of
particulates in the water, all affect the volatility of PCB
formulations. A

Generally, vapour pressures of PCBs from solids

fall by a factor-of 2-3 per chlorine added (Mackay

Table 5. Physical and Chemical Properties of PCB Congeners and Aroclor Formulations

Molecular Boiling Vapour 'Henry’s law )
‘ weight Pour point point pressurc constant - Solubility -
Compound (gemol ) co® (°C)“’ (mm Hg*)® (Pasm’mol l’)"’ ~  (pgeL @ g K"
Mono CBP! 189 - 285 - 60 ‘ 7200 . 4.66
Di CBP 223 - 312 - 60 : 2200 5.19
Tri CBP C 287 - 337 - 77 . 670 5.76
Tetra CBP 292 - 360 - 76 - 230 -
Penta CBP 326 - 381 - 68 72 -
Hexa CBP . . 361 - 400 - 86 21 -
Hepta CBP . 395 < 417 - - 6 -
Octa CBP- 430 - 432 - - 2 -
Nona CBP 464 - - 445 - Co- » 0.7 -
Deca CBP 499 - 456 - - 0.2 -
Aroclor 1221 192 . - K 275-320 - - 200 - 4147
~ Aroclor 1232 221 -355 - . 290-320 - - - 4.5-5.2
Aroclor 1016- 257 o= .325-356 - - 225-250 44-58
- Aroclor 1242 261 : -19.0 325-366 4,06 x 10 - 240 - 45-58
Aroclor 1248 288 7.0 340-375 4.94 x 10°* - - 54 5.8-6.3
Aroclor 1254 327 10.0 - 365-390 7.71 x 10° - o - 12 6.1-6.8
405 x 10° -

Aroclor 1260 _ 372 35-38.0 385420

2.7 63-7.5

MOMackay ef al. (1983).
@S, EPA (1980).

* 1 mm Hg = 133,32 Pa
t CBP = Chlorobiphenyl

general, the boiling point increases by 29°C for the first

chlorine added and then by increments that are 2°C

lower for each subsequent chiorine addition (Mackay

et al, 1983). In general, Aroclors do not crystallize

upon heating or cooling but do become resinous at a

specific temperature known ‘as the "pour point” (Table
5) (U.S. EPA, 1980).

Volatility
Vovlatility is- a difficult property to determine

because there is no currently accepted means of

N

et al., 1983) and range from 8.4 x 10° mm Hg for 2-

- monochlorobiphenyl to 3.7 x 105 mm Hg for 2,4,2',4"-

tetrachlorobiphenyl at 25°C (1 mm Hg=133.32 Pa)

. (Neely, 1983). It has been suggested that sterically

hindered isomers (those with chlorine atoms in the
ortho position) such as 2,2™-dichlorobiphenyl have

~ higher vapour pressures than do PCBs possessing no

intemnal strain (e.g., 3,3'-dichlorobiphenyl) (Neely,
1983; Hansen, 1987). As with PCB congeners, the
vapour pressure of PCB formulations decreases as
chlorine content increases. (U S. EPA 1980, Hansen

1987). )




Together with solubility, vapour pressures can be -
used to calculate an air/water partition coeéfficient -

(Henry’s law constant). Using this constant, one can
calculate rates of loss of PCB congeners from a water
body. In general, Henry’s law constant remains
unchanged with chlorine number and is in the range of
60-86 Pa-m®mol” (Table 5) (Mackay et al., 1983).
These values would imply that PCB volatilization from
water to air is relatively "fast” and that PCB congener
distributions in water and air should be similar.
However, environmental observations do not support
these predictions, implying that other factors have

important effects on the volatilization rates of PCBs. In -
- natural aquatic environments, PCBs are strongly

adsorbed to sediments and dissolved particulate matter
(Biggs et al., 1980; Harding and Addison, 1986), and

_this factor likely reduces rates of PCB volatilization

(U.S. EPA, 1980). A better understanding of mass
fluxes -of PCBs in the environment will require further

testing of the assumptions and data used to calculate -

Henry's law constant (Strachan, 1988).

Solubility

The solubility of PCB congeners in fresh water is
extremely low and ranges from 7200 pg-L"' for
monochlorobiphenyl to 0.2 pg-L" for decachloro-
biphenyl (Table 5) (Mackay et al., 1983). In general,
solubilities decline by a factor of 2-3 per chiorine
added (Mackay et al., 1983). This decline is not linear,

however, because the steric effects of ortho-substituted

chiorines increase the water solubility of these isomers
(Hansen, 1987). The solubility of commercial
formulations in fresh water ranges from 225-250 pg-L"
for Aroclor 1016 to 2.7 pug-L™" for Aroclor 1260 (Table
5) (U.S. EPA, 1980).

Because of the extremely non-polar nature of

PCBs, their solubility in water is inversely related to
salinity, such that a 25% reduction in solubility is
predicted for a 33 ppt increase in salinity (Wiese and
Griffin, 1978). However, there is conflicting evidence

> as to the "true” solubility of PCBs in salt water (Schoor, -

1975). Reported solubilities of Aroclor 1254 in fresh

- water range from less than 0.1 pg-L™' (Schoor, 1975)
to 3000 pg-L™ (Zitko, 1970) and in salt water from less -

than 0.04 ug-L"' (Schoor, 1975) to 1500 pg-L" (Zitko,
1970). The differences arise from the fact that at low
concentrations, long uItracentrlfugatlon times are
required to éliminate stable PCB aggregates from the
emulsion (Schoor, 1975; Ghirelli et al., 1983). Thus,
the "true” solubility of PCBs in salt water is extremely

drffrcult to determine but probably tends towards. the
Iower reported values.

PCBs are readrly soluble in non-polar organic
solvents or in lipid-rich biological systems (U.S. EPA,
1980). To predict the partitioning behaviour of PCBs in
the . aquatic environment, one can use the
1-octanol/water partition’ coefficient (K,,), which is a
measure of the capacity of a molecule to pass from
aqueous to non-polar phases (Shaw and Connell,
1984). Reported log K, values range from 4.1—4.7 for

- Aroclor 1221 to 6.3-7.5 for Aroclor 1260 (Mackay et

al., 1983). Because PCBs have very high K., values,
they preferentially partition to the bottom sediments
and the fat stores of aquatic biota (Kalmaz and
Kalmaz, 1979). However, caution should be exercised
before using K, to predict the detailed partitioning
behaviour of PCBs, because congener structure and
the rates at which congeners are metabolized have
important consequences on their - relative
concentrations in water, sediment, and biota (Shaw

~and Connell, 1984; Farrington et al., 1986).

Analytical Methodologies
Sample Purification

The methods for extracting PCBs from a sample
and the clean-up procedure.involved depend on the
nature of the sample: air, water, sediment, or biota.
Treated resins such as Amberlite, XAD-2, and Tenax
have proved useful for extraction of PCBs from water. .
To separate PCBs from other organochlorine
compounds, column chromatography on Florisil, silica

‘'gel, alumina, and charcoal has been successfully

utilized (Rappe and Buser, 1980).
Separation of PCBs

When determining PCB residue levels, one should

.note that PCBs are complex mixtures composed of

individual PCB congeners behaving in different ways.

For example, low-molecular-weight compounds
evaporate and degrade much more readily than high-
molecular-weight compounds (Stout, 1986). With this
point in mind, there are three major approaches to the
characterization and quantification of PCBs (Table 6)
(Safe et al., 1983). Most analytical schemes utilize
packed column gas - chromatography (GC) for
separation of PCB components and electron capture

" (EC) detection for quantification (Rappe and Buser,

1980; Safe et al., 1987; Hansen, 1987). However, the
low resolving power. of this technique does not



Table 6. Characteristics of Low-, Medium-, and High-Resolution

PCB Analyses
Separation "Detection . Quantification Resolution
Packed column . EC Peal(s(s) or . Low
’ ' patiern matching :
Peaks(s) or Mediom

Packed column MS
' patterri matching’

onhen—congener - High

Capillary column
: response

ECor MS

Source: Safe et al., 1983,

separate the peaks of many PCB congeners (Safe et
al, 1987). Therefore, the technique has several
disadvantages, including difficulty in quantifying
severely degraded sample residues, difficulty in
quantifying individual isomers, and a lack of data on

potentially toxic PCB isomers (Safe et al, 1983).

Differences between laboratories are significant
because of variability in peak selection,  signal
quantification (peak height vs. area), and inconsistent
‘use of reference standards (Stout, 1986; Farrington et
al., 1986; Schwartz et al, 1987). Studies have
revealed up to 100-fold differences in the quantification
of PCBs from standard samples (Stout 1986). -

GC—mass spectrometry (MS) is a medium-
resolution " technique often used to confirm the
molecular weights of individual PCB congeners and to
identify . co-contaminants ‘such as dichloro-
diphenyltrichloroethane (DDT), dichlorodiphenyl-
dichloroethylene (DDE), hexachlorocyclohexane

(lindane); and other organochlorine compounds (Safe

et al; 1987). Although this technique represents an
improvement over the previous technique, it also

suffers from many of the same disadvantages (Safe et

al., 1983).

Within the last decade, high-resolution isomer-
specific PCB analysis has been developed as a viable
analytical technique (Safe et al., 1983). The techmque
* uses high-resolution glass capillary column separation
coupled with EC or MS detection and requires all 209

PCB congeners as reference standards (Safe et al.,

1983, 1987; Stout, 1986; Hansen, 1987). This analysis
provides more accurate information - regarding
congener composition, although incorrect identification
of congeners remains a problem (Stout, 1986). Further,
the degree of sophlstlcatlon required for this techmque

precludes its use in large-scale momtonng programs

(Strachan, 1 988)

At the National Water Quality Laboratory (NWQL)
and National Water Research Institute (NWRI) in

~ Canada, polychlorinated biphenyls are generally

determined and reported as total PCBs by packed
column. GC (NWQL, 1985, 1987). A capillary column

.may be used first to qualitatively determine if the

sample contains any PCBs. Quantitative analyses are
then performed with a packed OV-101 column and

‘compared with a standard 1:1:1 mixture of Aroclors

1242, 1254, and 1260 at a concentration of 200 ko L

The ,techniques described abové and their
associated difficulties point to an intrinsic analytical

~ imprecision in characterizing and quantifying PCB

residue levels in the environment. When these
difficulties are combined with the knowledge that PCB
levels vary with species, age, and size of specimens,
sex, tissue type, timing of collection, and collection site
(Stout, 1986), the enormous difficulty in assessing
PCB pollution trends can be understood. Only
intensive, regular sampling of individual PCB
congeners will allow for fine-scale comparisons
between sites and over time.

Limits of Detection

It has been determined that other organochlorine
compounds may interfere in PCB analyses at.levels
below 0.01 u‘g'L'-‘ for water (Rappe and Buser, 1980) -
and 100 pgkg” for sediment and biological tissue
(Strachan, 1988). Levels down to 10%<20% of these
values are generally reported as ‘trace” values
(Strachan, 1988). Lower limits of detection are
possible (e.g., by use of mass spectrometry), but the .

" effort reqwred precludes large-scale sampling

programs (Rappe and Buser 1980; Strachan, 1988).

At NWQL and NWRI, the detection limits for total
PCBs are 0.02 pg- L" for water and 90 pg-kg” for
sediment and biological tissue (NWQL, 1985, 1987).

The sediment detection limit can be reduced to 10

pg-kg”' by use of an uItrasomc extractlon procedure.
ENVIRONMENTAL CONCENTRATIONS

Sources

PCB contamination in the marine environment has
arisen ‘exclusively from human activities.

‘Consequeritly, areas of high contamination tend to



occur near heavily industrialized areas (O'Connor and
Huggett, 1988), such as the Hudson River estuary
(Califano et al, 1982) and Puget Sound (PTI
Environmental Services, 1988).. In Canada, PCB
contamination of the marine environment is also
highest near the more industrialized areas, such as the
St. Lawrence estuary (Couillard, 1982), the Bay of

Fundy (Gaskin et al, 1983); and the Fraser Rrver.

estuary (Rogers and Hall, 1987).

Because PCB congeners preferentialiy bind to

sediments, transport through water from sources to
distant sites is relatively slow. However, when the
gradual transport of large' quantities of PCBs through
water is combined with the rapid transport of small
quantities of PCBs through air, dispersion of PCBs to
remote areas is inevitable (Tanabe, 1988). The
widespread - marine, contamination of PCBs is

evidenced by their detection in water, sediments, and

biota from areas as remote as the Antarctic Q_cean
(Tanabe et al, 1983; Subramanian et al., 1986;
Tanabe, 1988). ' '

The principal route of PCB transport through the
aquatic environment is from waste streams to receiving
streams, downstream movement by means of solution
and readsorption onto particulates and by the transport
of sediment itself, until eventually reaching the coastal
estuaries and open ocean (Kalmaz and Kalmaz, 1979).
Evidence for this route of PCB movement through the

‘environment can be. gained by examining the global

distribution of PCBs in the environment. At present, the
total amount of PCBs released to the global
environment is estimated to be 370 000 t, of which
approximately 360 000 t (96% of {otal load) are
retained in the coastal sediments (35% of total load)
and open ocean water (61% of total load) (Tanabe,
1988). Further, despite a significant downward trend in
PCB levels in many freshwater lakes and streams
since the early 1970s (Noble and Elliott, 1986; Stout,
1986), the declines that have occurred in the marine

~ environment have been modest (Young and Heesen,

1978; Olsson, 1987; Phillips and Spies, 1988;
Andersson et al., 1988; Tanabe, 1988). Therefore, the
marine environment is the final sink for PCBs, and the
problem of contamination of the marine environment is
likely to continue long after major reductions of the
domlnant inputs have occurred.

PCBs enter the marine environment from a vanety
of sources. The purpose of this section is to briefly
document several of the major sources of PCB
contamination in the marine environment.

Air

- Atmospheric transport and redeposition of PCBs
are the primary mechanisms leading to PCB
contamination of remote marine environments (Phillips,
1986; Tanabe, 1988). These mechanisms may
account for up to 90% of the total PCBs dispersed to
these areas (Ghirelli et al, 1983). Although the
atmosphere is an important transport mechanism for
PCBs, concentrations in this medium are generally
low. Major inputs of PCBs to the atmosphere are from
incomplete incineration of PCB-contaminated landfill
sites and as a result of volatilization of PCBs from
contaminated aqueous sources (Ghirelli et al., 1983;
Strachan, 1988). ,

PCB dispersion by air is affected by the volatility
of individual PCB isomers, prevailing winds and
precipitation pattems, and possible photodegradation
of higher chlorinated isomers (Ghirelli et al., 1983). -

Landfills

The Iand disposal of waste materials containing
PCBs may result in release to the aquatic environment
through the contamination’ of surface runoff and
groundwater (Garrett, 1980). As up to 50% of the '
North Arerican production of PCBs has been placed
in landfills and dumps, this source is potentially
“significant (Strachan, 1988). -

Insufficient evidence exists to adequately quantify
the threat that PCBs.in landfill sites pose to the marine
environment. Limited monitoring of leachate samples
from a drainage ditch at the Richmond landfill site in
British Columbia indicated PCB concentrations up to

" 20 pg-L". This value was high considering that PCB

levels in Ontario landfills range from not detected (ND)
to 1.2 ug'L" (Garrett, 1980).

A recent case study mdrcates that unsecured
landfills and illegal dumps pose the greatest threat to
the marine environment (Ghirelli et al., 1983; Weaver,
1984). In this case, over 300 000 kg of PCBs in liquid
wastes, junked capacitors, and other contaminated

‘~materials from two General Electric capacitor plants
were placed in unsecured landfills adjacent to the
Hudson River in 'New York. This source was
responsible for the addition of 3000 kg of PCBs to the
Hudson River estuary each year, until remedial action
was taken in 1977. PCB contamination of this estuary
has led to restnctrons on commercial and recreatlonal
fishing.



Industrial Effluents

The direct discharge of PCB-contaminated
wastewater to coastal areas or to rivers that drain to
coastal areas has been significantly reduced since the
manufacture of PCBs was restricted (Weaver, 1984).
However, industrial-effluent-associated discharges of
PCBs.to the marine environment were previously
significant in .such areas as the Southern California
Bight (Young and Heesen, 1978; Gossett et al., 1983)
and the Acushnet River estuary~New Bedford Harbor
area (Farrington, 1983; Weaver, 1984). '

In Canada, several industrial processes, such as

the recycling of PCB-contaminated waste oil and waste
paper, have the potential for inadvertent releases of
PCBs to the marine environment (Garrett 1980,
Strachan, 1988). Elevated PCB levels (up to 1500
ng' kg') have been detected in Fraser River sediments

adjacent to a waste paper recycling plant (Garrett,

1980). The potential threat from these sources is
unknown at present but will likely become insignificant
as PCB content in recycled products becomes reduced
with time.

Municipal Wastewater

Data from the Southern California Bight indicate
that, in the early 1970s, the submarine discharge of
municipal wastewater was the dominant source of PCB
entry to this coastal marine ecosystem (Young and
Heesen, 1978). In the New Bedford Harbor area, the
discharge of PCBs from the city wastewater treatment
plant remains significant, with 90-300 kg of PCBs
__being dlscharged annually (Weaver, 1984).

In British Cotumbra Garrett (1980) found that, on
average, 53% of influent PCBs were removed during -
wastewater treatment. It was further demonstrated that .

_ treatment plants ‘having the largest industrial inputs
were the plants with the highest PCB concentrations in
the effluent. The use of "superchlorination” on sewage
effluents for disinfection, odour control, and.improved

sedimentation may also lead to. the formation of -

significant quantities of PCBs in the effluent. Generally,

PCB concentratrons in wastewater effluents do not-

exceed 1 ug L' (Garrett, 1980).

Industnal and Mun/c:pal Wastewater Treatment Sludge

" Disposal of industrial and municipal wastewater
treatment sludges continues to be a significant source

of PCBs the marine environment (Garrett, 1980;
O’Connor et al., 1983; Strachan, 1988). Of particular

- concemn is the dumping of contaminated sludges to

deep-water ocean sites. Projections by O’Connor et al.
(1983) indicate that sediment concentrations near
ocean discharge points could reach 200-300 pg-kg™

after 100 years if present ocean discharge rates are.
continued off the New York coastline. Resuspension of

.sediments and transport in ocean currents are likely to

cause further contamination of remote marine
environments. - '

Worldwide Residue Levels
a4 - B
PCB residues have been widely reported in all
media throughout the world. The purpose of this
section is to briefly summarize PCB concentrations in
coastal and estuarine waters, sediments, and biota.

Water Column

Total PCB concentrations in marine waters range
from 0.04 ng-L’1 in the relatively unpolluted water of
the Western North Pacific (Tanabe et al., 1984) to 2.8
x 10° ng-L"" in the Hudson River estuary (Table C-1)
(Phillips, 1986). Table C-1 further indicates that
estuaries and coastal waters, especially those near .
urban centres, are more contaminated by PCBs than
are open ocean waters. ,

Many analyses of PCB residues in water often farl .
to fiter out microparticulates, which tend to
accumulate PCBs (Phillips, 1986). Therefore, the "true”
PCB residue levels in the water column of many areas
are unknown and probably overestimated. This margin
of error may not be biologically significant. However,
comparison of total PCBs between sites with varying
microparticulate levels is not recommended.

!

Sediments

PCBs preferentially partition to the sediments, and
thus environmental concentrations are much higher in
the sediments than in the water column.  Measured
total PCB conoentratlons in marine sediments range
from 0.3 ng-g' dry weight in the North Atlantic
(Boehm, 1983) to <1.9 x 10° ng-g” dry weight in the
polluted New Bedford Harbor (Table C-2) (Segar and
Davis, 1984). As shown in Table C-2, coastal and
estuarine sediments are orders of magnitude more
contaminated by PCBs than are open ocean
sediments. :






