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ORGANOCHLORINE CONTAMINANTS IN FISH AND SNAILS FROM THREE
U.S ARCTIC FRESHWATER LAKES

INTRODUCTION

Over the past decade there has been a heightened
interest in arctic environmental issues.

The picture of the

arctic as a pristine environment relatively untouched by man
is changing as evidence now suggests arctic systems are
receiving a wide range of pollutants (polychlorinated
biphenyls (PCBs), organic pesticides, polycyclic aromatic
hydrocarbons (PAHs), metals, acids, and radioactive
materials) that are carried northward by air and ocean
currents.

The body of knowledge on contaminant levels,

seasonal trends, and their distribution in circumpolar
Arctic ecosystems varies greatly among classes of pollutants
and among environmental compartments (marine, freshwater and
terrestrial).

Interest in levels of contaminants in Arctic systems
arises from concerns that these regions represent important
global habitats.

The presence of organochlorine

contaminants in arctic air and arctic marine food chains has
been documented for marine fish, seals, and polar bears
(Norstrom, 1988; Muir, 1990, 1992; Hargrave, 1992; Bacon,

1992), but freshwater information on these pollutants is
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more limited.

The lipophilic nature of many of the

contaminants cause them to accumulate at the top of food
chains (e.g. fish, seals, whales and polar bears ).

Arctic

residents, while not globally numerous, rely heavily on
these harvest foods to support their traditional lifestyles.

As a result, indigenous people may be adversely affected by
chronic exposure to any pollutant that accumulates in these
food chains.

For example, a recent study reported high levels of
PCBs in human milk of Inuit women from arctic Quebec; the
levels of PCBs were almost 5 times that of the caucasian
women studied from Quebec city (Dewailly, 1989).

PCBs as

well as many pesticides are recognized endocrine disruptors
and/or developmental toxicants (Colborn, 1993).

There is a

growing awareness among public health authorities concerning
the permanent effects of endocrine disruptors on humans
during critical periods in development.

Studies of arctic contaminants also have been spurred
by interest in the behavior of semi- volatile organic
compounds (SOC) in cold climates relative to warmer more
polluted mid-latitude environments.

It has been suggested

that the Arctic acts as a global sink for pollutants such as
PCBs, pesticides and metals.

The observation that chemicals

appear to accumulate in colder regions has been termed the
"cold condensation/global fractionation" effect (Ottar,
1981; Wania and Mackay, 1993).

An earlier version of this
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concept, a global gas chromatographic model, was presented
by Risebrough (1990).

The analogy with the gas

chromatographic column depicted chlorinated compounds moving
into the atmosphere from point sources followed by movement
in and out of aquatic systems, soils and vegetation.

U.S. EPA's ARCTIC CONTAMINANTS RESEARCH PROGRAM

In 1990 the U.S. Environmental Protection Agency (EPA)

identified two key policy questions regarding contamination
of arctic Alaskan ecosystems from airborne pollutants:

(1)what are the current levels of arctic contaminants? and
(2) what are the potential effects of this level of
contamination on arctic food webs.

The Arctic Contaminants

Research Program (ACRP) was developed to examine these
issues.

The ACRP has implemented a multidisciplinary approach
to respond to the policy questions.

The scientists involved

coalesce a multitude of disciplines including plant
ecologists, environmental chemists, toxicologists and
statisticians. The program comprises three major integrated
research projects:
Status and Extent.

The goal of this project is to

determine the current status and extent of contaminants
using extensive regional lichen, moss and soil sampling.
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*

Contaminant Origin and Chronology.

The focus of this

project is to evaluate the source and history of arctic
contaminant deposition using lake sediment coring
techniques.
*

Food Web Evaluation.

The purposes of this project are

to evaluate terrestrial and aquatic food web contamination
and to examine health effect endpoints (plasma reproductive
hormones and cholesterol, liver and gonadal somatic
indices).

The geographic focus for the ACRP is defined by the
U. S. territory north of 66° latitude.

In Alaska this

roughly coincides roughly with the Brooks Range divide.

The

study area also includes portions southeast of the divide in
the Alaska National Wildlife Refuge (ANWR) and in Noatak
National Park and Preserve in northwestern Alaska.

In order

to physically integrate the major components of the program,
three sites

Schrader Lake, Feniak Lake and Elusive Lake

have been designated as integrated study sites (Figure 1).

Researchers coordinate sampling efforts in order to obtain
complementary data sets.
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STRATEGY AND OBJECTIVES OF FOOD CHAIN RESEARCH

Long range transport via the atmosphere has introduced
measurable amounts of contaminants into arctic systems
(Barrie, 1992).

This study focuses on the level of

contamination and availability of SOCs to biota in selected
freshwater lakes of the U.S. Arctic.

It has been well established that SOCs entering aquatic
systems become associated with sediments and suspended
particulate matter (Karickhoff, 1979; Knezovich, 1987).

The

availability of these contaminants to biota is important as
the sediment reservoir may provide a primary source of
contaminants for benthic organisms.

Furthermore, as benthic

organisms are able to accumulate chemicals from the
sediments and interstitial water (Varanasi, 1985; Knezovich,

1987), food chain transfer of contaminants from benthic to
pelagic organisms may increase the distribution of sediment
sorbed contaminants in the aquatic system.

Given the fact that fish have been shown to accumulate
chemicals from areas of known sediment contamination
(Connor, 1984; Larsson, 1986), it is important to understand
the sources and pathways of chemical transfer.

This study

attempts to bridge this information gap by addressing the
role of benthic invertebrates in food chain transfer of
contaminants to top predators.

In arctic freshwater food chains, the snail, Lymneae
elodes, has been identified as an important specie (McCart,
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1972; Hershey, 1990).

These snails were found primarily in

the surface sediment and in the rocky littoral zone, and
were the major component in the diet of lake trout.

This

research focuses on contamination in lower, intermediate and
top trophic levels by studying contaminant levels in Lymneae
elodes, Thymallus arcticus, and Salvelinus namaycush, from 3
arctic Alaskan lakes.

The primary objectives are to:

measure SOC concentrations in snails and fish from
three sites (Schrader, Feniak and Elusive Lake) for
which there are complementary data on contaminant
concentrations in other compartments of the aquatic
ecosystem (i.e. sediments, fish)

evaluate the extent of bioaccumulation between trophic
levels, and

compare the levels measured in these systems to those
reported in other arctic freshwater systems.

Selection of Species

In northern lakes, the length of the food chain and
predator prey relationships among trophic levels varies from
lake to lake.

Past investigations of food chains have been

structurally defined from visual observation, gut analyses,

or from estimated interspecies relationships (Oliver, 1988;
Rasmussen, 1990; Evans, 1991; Fahrig, 1993).

This method

has been criticized for its inability to observe spatial and
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temporal variations in trophic interactions (Kling, 1992).

Though visual observation and gut analysis may not be the
method of choice for the more highly stratified temperate
lakes, application to oligotrophic lakes in the Arctic may
provide useful food chain information.

The criteria for selection of the target species were
based on the reported relationships among trophic levels in
arctic freshwater systems from gut analysis (McCart, 1972;
Hershey, 1990; Kidd, 1994) and on the relative availability
of the species for sampling.

Investigations of fish

populations and community structures in several arctic lakes
found lake trout to be the top predator (McCart, 1972;
Hershey, 1990).

The lake trout fed primarily on the snail,

Lymnaea elodes, and seemed to be the controlling factor for
snail size and population density (McDonald, M. and Hershey,
A., 1989; Hershey, 1990; Merrick, 1991).

In the absence of

a snail population, the lake trout fed on insects, fish,
including grayling, and bottom drift (McCart, 1972).

Grayling (Thymallus arcticus), a planktivore and
insectivore, reportedly occupy an intermediate level in the
food chain (McCart, 1972; Kidd, 1994).

9

Selection of Contaminants

Only one U.S. study has addressed contaminant levels in
arctic freshwater lakes (Snyder-Conn, 1993).

However the

detection limits in that study were relatively high, and
consequently all analytes were reported at less than the
detection limit.

The suite of SOCs detected in other arctic

studies provided a template for the major classes of
compounds we expected to find in the U.S. lakes.
the work of Lockhart et al.
et al.

Based on

(1992) using whitefish and Muir

(1990) using burbot from the MacKenzie River Delta

area in the Northwest Territories in Canada, a suite of SOCs
were targeted for study (Table 1).

Table 1. Chlorinated Contaminants of Interest

Chlorinated Pesticides
a-hexachlorocyclohexane
y-hexachlorocyclohexane
hexachlorobenzene
heptachlor
heptachlor epoxide
a-chlordane
y-chlordane
t-nonachlor
aldrin
dieldrin
p,p'-DDD
p,p'-DDE
p,p'-DDT

Biphenyls

Polychlorinated
#101
#105
#118
#128
#138
#153
#170
#180
#187
#195
#206
#209

The organochlorine pesticide, toxaphene, whose presence
has been documented in biota from the Canadian Arctic (Muir,
1988, 1993) was not included in Table 1.

Because of the

10

complex nature of toxaphene, being a mixture of at least 180
compounds,

(McConnell, 1993), it is difficult to quantify

and characterize.

The PCB congeners chosen for this study were selected
because they contribute significantly to the mass of
commercial Aroclors and they were prominent in samples from
other food chain studies (Swackhamer, 1988; Muir, 1988,
1990; Macdonald and Metcalfe, 1991).

Muir et al.

(1990)

found six congeners, PCB 153, 138, 118, 101, 180, and 170,
accounted for 42% of the E-PCB in burbot samples.
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LITERATURE REVIEW

SOCs IN THE ATMOSPHERE

Over the last decade, the atmosphere has been
recognized as a major pathway for the transport and
deposition of airborne chlorinated pesticides, heavy metals,
and PCBs (Eisenreich, 1981; Barrie, 1986, 1992).

Recently,

Wania and Mackay (1993) proposed a preliminary multimedia
model to describe the global distribution of persistent
organic chemicals on a temporal and latitudinal scale.

The

model has nine climatic zones, each containing an air,

water, soil, and sediment compartment
toxaphene.

,

and was applied to

Such models are useful tools in investigating

processes and parameters controlling the movement and fate
of organic contaminants on a global scale.

The foundation for a large part of current research
efforts to understand the distribution and effects of
airborne pollutants on arctic ecosystems draws on knowledge
gained from studying the Great Lakes.

Extensive work has

been done on the susceptibility of the Great Lakes--as a
whole, the largest body of freshwater in the world-- to
inputs of airborne pollutants.

The presence of toxaphene in

fish from the Great Lakes has been reported in a number of
studies (Rice, 1986; Voldner, 1989; Muir, 1990).

An

exhaustive data base with emphasis on PCBs exists for
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organic and inorganic contaminant concentrations in various
matrices in the Great Lakes (Standley and Hites, 1991).
Other areas of research include atmospheric removal
processes and deposition to the Great Lakes (Strachan,
1985), inlake removal processes (Swackhamer and Eisenreich,

1991), and bioaccumulation in aquatic food webs (Mackay and
Clark, 1991).

Emission Sources

Knowledge of arctic ecosystem contamination varies
greatly with the class of pollutant. A large part of the
available information on arctic contaminants has focused on
chlorinated industrial compounds and organic pesticides.

Although most of the organochlorine pollutants in Table 1
have been banned for many years in the U.S. and Canada,

several are still heavily used in the tropics and have
either some restricted or unknown use in India, Asia,
Mexico, and the former USSR (Table 2).

During the past several decades developing countries in
Africa, Asia, and India have received in excess of their
needs, thousands of tons of pesticides as donations from
developed countries (Jain, 1992).

Developing countries now

use the same amount of DDT as was used in the 1960s
(Standley and Hites, 1991).

Improper storage, handling,

use, and disposal of the excess pesticides have posed

Table 2. Production & Usage of Selected Pesticides

Country

PCBs

DDT

HCH

Chlordane

USA

Production by
Monsanto ended

Most agric.
uses prohibited

1977a Banned

1972b

All isomers
except lindane
banned since

Restricted use
Banned 1974
1978;deregistered no longer
1988b
producedb

Dieldrin

1978b

Canada

Use of new
product prohibited 1980b

Deregistered
1986;most uses
phased out1970
1978b

Britain

Mexico

Restricted

Use declined

1980b

1980sb

Unknown

Unknown

Mixed isomers
banned 1971,
use of lindane
restrictedb

Restricted
use b
Extensive
use 1986'

India

Unknown

Registeredb

Extensive'
use

Former
USSR

Unknown use;
standards

Production
banned 1980sb

Extensively
used until
1986 when
restrictedb

existb

a. Erickson, 1992
b. Barrie, 1992
c. Patton, 1989

Use restricted
1970;agricult.
use eliminated

Restricted
1977b

1985b

Restricted

Restricted

use 1981b

use b

Restricted

Unknown

uses 1988b

Registered
for use and
productionb
Standards
but no use
restrictionsb

Registeredb

Not
restrictedb
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serious environmental hazards.

Many countries do not keep

accurate records on pesticides, while in other countries
such information is considered confidential.

The main emission sources worldwide for the SOCs
implicated as contaminants in the Arctic are 1) drift during
application of agricultural pesticides and insecticides
(Woodrow, 1983; Barrie, 1992) 2) by-products from chemical

compound synthesis i.e. HCB (Pacyna, 1988)

3) PCB

evaporation from landfills and incineration of hazardous
wastes (Standley and Hites, 1991) and 4) additives to

the

dielectric medium of electric components (Erickson, 1992).
While it is generally considered that the bulk of the
contaminants listed in Table 1 reach remote sites in the

U.S. and Canada mainly by long range atmospheric transport,
it should be noted that several of these chemicals have
local arctic sources (Kinloch, 1992).

For example, PCBs and

DDT were among the chemical hazards used at the Distant
Early Warning (DEW) sites in Alaska and Canada (Bright,

1993) during the 1950's. The Alaskan sites, located mostly
along the coastline, were abandoned in the early 1960s and
were later cleaned up by an environmental engineering firm
in Anchorage, AK (G. Bratton, pers. communication).

Accurate records documenting this early use of these
contaminants are unavailable.
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Chemical Properties

The SOCs detected in the Arctic all share common
chemical and physical characteristics favoring long range
transport and accumulation in food chains.

Substantial

amounts of SOCs can be present in the air as a gas or
adsorbed onto atmospheric particulate matter.

Characteristics favoring long range transport include a low,
but not negligible volatility, low water solubility, and
high octanol-water coefficients.
for selected SOCs.

Table 3 lists parameters

SOCs generally have vapor pressures

ranging approximately from 10' atm to 10-11 atm at ambient
temperatures.

Atmospheric concentrations of some SOCs are affected by
chemical transformation processes.

For example, air masses

in the Arctic have (a-HCH:y-HCH) ratios of more than 10:1
in winter and up to 50:1 in summer due to photochemical
transformation of y-HCH to a-HCH (Oehme, 1984).
of

In the case

DDT, photolysis to DDE occurs in the troposphere; the

DDT/DDE ratio can be used under certain circumstances as a
measure of the age of an air mass (Standley and Hites,
1991)

.

Another important characteristic of SOCs is the limited
range of bond types in their structures.

Most SOCs are

constructed from C-C aliphatic, C-C aromatic, C-H, and C-Cl
bonds (Table 3).

The electron delocalization that occurs in

Table 3.

Compound

Physical/Chemical Parameters for Selected Organochlorines

MW

Molecular
Formula

log Kow

V.P.

Henry's Law
(atm/m3 mol)

(atm)

10-6 - 10-7 b

Solubility

9.5X10-4 b

PCB #118

323.9

C12H5C15

12X10-9

PCB #128

357.8

C 2H4C16

3X10-9

a

7.4a

10-6 - 10-7 b

9.5X10-4 b

PCB #153

357.8

Cl2H4C16

7X10-9 a

7.4a

10-6

10-7 b

9.5X10-4 b

a

Structure

(mol/m3)

Cl

CI

CI

Lindane

291

Heptachlor 373.4

C6H6C16

1.2X10'8 b

3.8c

4.8X10-7 b

2

C10H5C1,

1.8x10-6 c

3.9C

1.1x103 c

1.6x10-3 c

. 5X10-2 b

C

13,1:0-DDT

354.5

C14H9C15

1.3x10-"b

6.0c

3.8x10-5 b

3 4X10-6
CI

a. Erickson, 1986
b. Eisenreich, 1981
c. Suntio, 1980

N
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conjugated compounds such as PCBs results in highly stable
compounds.

Namely though, the high number of C-Cl bonds

is responsible for the resistance to degradation and
persistence of these compounds in the environment (Mansour,
1994).

The combination of this persistence with the high

lipophilicity of SOCs leads to significant bioaccumulation.

Deposition

A compound's volatility together with its water
solubility (expressed as Henry's Law constants) play a
strong role in determining its residence time in the
atmosphere.

Table 3 shows the wide range of Henry's Law

constants for several of the contaminants from Table 1.

Compounds with high vapor pressures and low water
solubilities have long residence times in the atmosphere.

The residence time for the compounds in Table 1 is on the
order of weeks (Barrie, 1992) enabling their transport for
long distances.

SOCs are scavenged from the atmosphere by dry and wet
processes.

The former include the simple fallout of

particles and the sorption of vapor-phase materials.

The

wet processes include rainout and snowfall of both
particulate and vapor phases.

In an investigation of PCB deposition to and
evaporation from the Great Lakes, Swackhamer et al.(1988)
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concluded 1) wet deposition was generally 3 times dry
deposition and was dominated by particle washout and 2) rain
was a more important removal process than snowfall.

In

Arctic systems, the deposition of SOCs is enhanced by cold
temperatures.

As the temperature falls, there is a greater

partitioning to aerosols which are deposited more rapidly
than are vapor phase SOCs due to dry and wet particle
deposition processes (Wania and Mackay, 1993).

PROCESSING OF ORGANOCHLORINES IN AQUATIC ECOSYSTEMS

Considerable evidence reveals SOCs are ubiquitous in
aquatic environments (Zell, 1980; Johnson, 1988; Schmitt,

Although relatively

1990; McConnell, 1993; Kidd, 1993).

little is known about the atmospheric pathways of SOCs
compared to other airborne pollutants, the processes
involved in contaminant cycling in lakes following
deposition have been studied in many systems (Eisenreich,
1981; Swackhamer, 1988; Evans, 1991).

Once SOCs enter an aquatic system, they undergo a
variety of physical and chemical processes as they are
distributed throughout the system.

Several models have been

developed to describe the partitioning of contaminants in
aquatic systems.

Mackay (1979, 1982, 1991) has described

how the fugacity, the escaping tendency from a phase, of a
chemical influences its distribution in an environment.

By
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converting concentration data to fugacities in each
compartment (i.e. soil, water, biota, atmosphere) of the
environment, Mackay's model is able to provide insight into
the directions, transformation and removal processes of the,
contaminants.

A simple, conceptual model showing the cycling of SOCs
in an arctic lake is given in Figure 2.

Processes involved

in this model include partitioning between water and
particles, volatilization across the air-water interface,
sedimentation, internal resuspension, and food chain uptake
in biota.
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Figure 2. Processing of SOCs in an arctic lake.
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The transfer of contaminants in the biota is shown as a oneway process by the use of a single headed arrow.

These

relationships cannot be characterized by an equilibrium
constant.

On the other hand, the air, water, and sediments

are equilibrium processes as shown with a double headed
arrow.

Partitioning Between Water and Particles

SOCs experience a strong tendency to partition out of
water into any contacting organic particulate matter.

The

aquatic matter may consist of microorganisms, plankton, and
decayed vegetation.

The mechanism of the association is not

fully understood but may include surface sorption, direct
partitioning, and migration into the matrix.

At

equilibrium, the water-particle partition or distribution
coefficient, Kd, is described by the ratio of the
concentration of the chemical in the particulate phase to
the concentration of the chemical in the dissolved phase.
Partitioning can also be influenced by the presence of
dissolved organic carbon (DOC), predominantly humic and
fulvic materials.

Landrum et al. 1985 demonstrated that the

bioavailability of several SOCs was reduced in the presence
of DOC.

He concluded that DOC complexes with organochlorine

contaminants to reduce the amount of freely dissolved
compounds in the water.

Measured Kd values do not include
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colloidal matter or DOC-associated chemicals in the
particulate phase, thus field Kds may be underestimated.
The partitioning of SOCs onto aquatic matter will
strongly affect its fate.

While it will be less available

for other processes in Figure 2 such as volatilization

across the air-water interface, it may be more available for
food chain uptake, sedimentation, and resuspension.

Volatilization at the Air-Water Interface

There is considerable cycling in both directions for
air-water transfer processes.

Volatilization of SOCs from

large lakes has represented an important loss process
(Swackhamer, 1988).

The relative importance of the dominant loss processes,

volatilization across the air-water interface versus
sedimentation, has been addressed in several Great Lakes
investigations (Swackhamer, 1988; Strachan and Eisenreich,
1990).

In these studies, the removal of PCBs by

volatilization was of equal or greater importance than
sedimentation.

Both studies concluded the net annual flux

for PCBs was from the water to air with intense fluxes to
the lake during precipitation followed by gradual long-term
volatilization during favorable weather conditions.

SOC behavior in arctic ecosystems may be quite
different from the relatively well characterized behavior in

22

the Great Lakes investigations.

The presence of snow and

ice for much of the year significantly alters the air-water
exchange rates.

Additionally, temperature sensitive

properties such as vapor pressure and solubility vary with
temperature.

Vapor pressures may vary by a factor of 100 in

arctic regions (Wania and Mackay, 1993).

Thus, in arctic

systems, volatilization may not be the dominant loss process
in lakes to the same magnitude as was seen in the Great
Lakes.

Sedimentation and Internal Resuspension

Sedimentation and burial of particulate matter is often
the most important removal mechanism for SOCs in the water
column (Swackhamer and Eisenreich, 1991).

However, as

indicated by the double-headed arrow in Figure 2, this
removal process is not permanent.

SOCs initially

transferred to sediments can be brought back up into the
water column by the action of currents, fish, and benthic
organisms.

The recycling of PCBs has been studied in the Great
Lakes system.

The PCB flux from the water column to

sediments was considerably greater than the rate at which
they were incorporated into sediments (Swackhamer and
Eisenreich, 1991).

Results suggest that PCBs were released

from the particles during mineralization of the particulate
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organic carbon and returned to the water column in the
dissolved phase.

The movement of benthic organisms inhabiting the upper
few centimeters of surface sediment combined with the
movement of fish feeding on these organisms can resuspend
surface sediment into the water column (Eadie and Robbins,
1987).

Additionally, in the near shore region, waves and

upwellings can reinject into the water column shelf and
slope sediments where contaminants can then become available
for volatilization, food chain uptake, or resedimentation.

The sediment reservoir and the suspended sediment
interface represent an important primary source of
contaminants for benthic organisms (Oliver, 1988; Knezovich,
1989; Ankley, 1992).

Because benthic organisms are able to

accumulate SOCs from the sediments and interstitial water
(Knezovich, 1989), food chain transfer of SOCs from benthic

snails to pelagic lake trout, may spread the distribution of
sediment sorbed SOCs in the aquatic system (Figure 2).

Food Chain Uptake

SOCs are transferred from the aqueous environment to
aquatic biota by two routes: direct contact with
contaminated water and ingestion of contaminated food.

Often the direct partitioning of SOCs from the water into
the lipids of plankton (Figure 2) forms the first step in
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the transfer of a chemical through a food chain (Mackay and
Clark, 1991).

The surface sediment supports invertebrates

and vertebrates that feed on organic matter and dead
plankton in the sediment and suspended detrital matter and
are, in turn, consumed by fish.

Thus, there is a tendency

for organisms that are higher in the food chain to receive
increasing amounts of contamination from their food (Evans,
1982, 1991; Knezovich, 1987; Oliver, 1988).

The term bioconcentration has been used to describe the
direct transfer of a contaminant from water to an organism
(Thomann, 1981, 1989; Barron, 1990).
system, Schindler et al.

In one sub-arctic

(1994) found bioconcentration

factors from contaminants in precipitation to levels in
marine and freshwater predators of 104 to 10'.

The term

bioaccumulation is more general and takes into account all
the sources of contaminantion to the organism (i. e. food,
water)(MacKay, 1982; Biddinger, 1984; Thomann, 1989;
Connolly and Thomann, 1992).

Finally, the pathway involving

transfer of food through lower trophic level biota to higher
trophic level biota is referred to as biomagnification
(Rasmussen, 1990; Mackay, 1991; Evans, 1991).

Models with varying levels of complexity have been
developed to predict the accumulation of SOCs in biota.
the simplest model, a partition coefficient (the
bioconcentration factor, BCF) is used to describe the
chemical concentration in biota relative to the chemical

In
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concentration in the water.

Correlations between BCF and

K,, the octanol-water partition coefficients, have been
established using laboratory data (Mackay, 1982; Barron,
1990).

The majority of these studies have been linear

regression models between the log transformations of BCF and

K.

The data suggest that the BCF is approximately equal

to the K of the chemical when the concentration in the
fish is expressed on a lipid weight basis (Barron, 1990;
Connolly and Thomann, 1992).

Despite these findings, several researchers have

challenged the laboratory based log BCF-log K model based
on results from field experiments.

Swackhamer and Hites

(1988) in their Siskiwit Lake study found the simple

regression model underpredicted the observed field BCF in
lake trout; nevertheless they concluded this relationship
was useful as a rough indicator of accumulation.

The more complex models developed to predict
accumulation in biota include parameters to describe the
chemical uptake effiency, transfer across membranes, and
excretion rates for organisms in food chains (Thomann, 1989;
Connolly and Thomann, 1992).

Thomann's (1989) model

calculations indicate that when Kow<5, decreased uptake and

increased excretion are likely to prevent food chain
buildup.

When 5< Kow< 7, calculated BCFs are 10-100 times

lower than observed field BCFs in top predators.

The relative importance of water and food in
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determining the concentration of contaminants in upper
trophic level organisms is controversial.

Many

investigators conclude that food is usually the more
important pathway relative to the water in top predators
(Oliver, 1988; Rasmussen, 1990; Evans, 1991; Mackay, 1991).

A study of the food chain structures in Ontario Lakes by
Rasmussen et al.

(1990) supports this theory.

He found

that much of the between lake variability in PCB levels in
lake trout resulted from differences in the structure and
lengths of the food chains in the St. Lawrence systems.

Furthermore, he reported each additional trophic level in a
food chain contributed a 3.5-fold increase in PCB
concentration in trout with a 1.5-fold increase in lipid
content for each additional level.

Likewise, Oliver and Niimi (1988) concluded from their
investigation of SOCs in a Lake Ontario food chain that
consumption of contaminated food was a major source of
residues in fish.

Consideration of only chemical uptake

from water underestimated fish residues by at least a factor
of 5.

Arctic and Subarctic Freshwater Food Chains

Arctic aquatic systems are generally characterized by
low productivity, low species diversity, and by organisms
that are slower to reach sexual maturity when compared to
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more southerly aquatic systems (Barrie, 1992).

A

combination of factors account for this: a large range in
the length of daylight, extended periods of ice cover on
lakes, and low temperatures.

For the most part, arctic

marine and freshwater food chains are relatively short and
have simple predator-prey relationships.
Recently, Schindler et al.

(1994) and Kidd et al.

(1994) initiated a study to characterize freshwater food

webs using stable isotopes of carbon and nitrogen and fish
stomach contents in order to investigate the
biomagnification of organochlorines through the biota.

While several studies have used stable isotopes to study
food chain relationships (Hesslein, 1991; Kling, 1992), they
have only recently been applied to trace movement of
contaminants.

Measurements of naturally occurring carbon and nitrogen
isotopes in biotic tissues provide an accurate
representation of what is assimilated into an organism from
its diet.

During the metabolic processes the lighter

isotope of nitrogen,

14N,

heavier isotope, nN.

is excreted leaving behind the

The preferential enrichment of 15N

increases in a constant manner from one trophic level to the
next (Hesslein, 1991).

Relative trophic positions of

organisms can therefore be determined with greater accuracy
than the standard methods of viewing stomach contents.
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Predator-prey relationships based on stomach contents
alone do not take into account the daily and seasonal
variation in the feeding patterns of fish along with the
possibility of feeding at two or more trophic levels.
et al.

Kidd

(1994) collected samples from freshwater lakes in the

Yukon Territory and identified three distinct trophic levels
using the method of stable isotope ratios.

Snails,

chironomids and zooplankton occupied the lowest trophic
level.

The insectivores, broad and lake whitefish,

occupied the next level in the food web, while lake trout
and burbot were the top predators.

The concentrations of S

DDT and toxaphene increased as expected from the
invertebrates to the top predator.
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PURPOSE

Data on SOCs in arctic freshwater systems usually
consider only the top trophic level organism where
contaminant levels would be readily detected.

However, in

order to understand the distribution, sinks, sources, and
transfer of contaminants in freshwater systems, the sediment
and lower trophic levels must be sampled to gain insight
into the overall picture of the system.

Relatively few studies and only one U.S. study has
examined contaminant concentrations in lower parts of the
food chain.

This research measures the levels of SOCs in

Table 1 in snails and grayling and evaluates their role in
food chain transfer of SOCs to the top predator, lake trout
(Figure 2).

Three freshwater systems of the U.S. Arctic

Schrader, Feniak, and Elusive Lake, were sampled.

Complementary data on other matrices (i.e. sediment and
fish) is expected to be available through U.S. EPA's ACRP in
1995.
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EXPERIMENTAL

FIELD METHODS

Muscle tissue and whole liver samples from 12 lake
trout and 5 grayling were collected in August, 1992 from
Schrader Lake.

A population of freshwater snails, Lymnaea

elodes, was not observed in Schrader Lake.

Muscle tissue

and whole liver samples from 6 lake trout from Feniak Lake
and 3 lake trout from Elusive Lake as well as snails from
both sites were collected in August, 1993.

Fish were collected using lures and were euthanized by
a blow to the head.
recorded.

Weight, sex, and stomach contents were

Scales were collected for age determination.

Whole livers were excised, as well as epaxial sections of
muscle tissue for organochlorine analyses.

Snails were collected by shore sampling and from the
stomachs of the lake trout.

Stomach samples were washed

with lake water to remove any particulate matter.

Samples

were placed in precleaned I-Chem jars and stored on blue ice
in the field until shipment to the laboratory, where they
were stored at -70°C until analysis.
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SAMPLE EXTRACTION OF BIOLOGICAL TISSUES AND CLEANUP

Glassware

Contaminants in the glassware, most notably phthalate
esters found in plastics and tubing (Leung, 1993), may be
attributable to false positives and a noisy baseline during
All glassware was cleaned by

instrumental analysis.

detergent (RBS-50) washing and rinsing with distilled water
The glassware was then solvent rinsed

followed by R.O. H2O.

with acetone and baked in a pesticide oven at 375°C for four
to six h.

After cooling, the clean glassware was sealed

with aluminum foil and stored in clean designated cabinets
to prevent possible contamination.

Sample Preparation

Partially frozen tissue samples were homogenized in a
glass blender.

The snails were removed from their shell

prior to maceration.

Subsamples (approximately 15 g, wet

weight) were mixed with anhydrous Na2SO4 (approximately 60
g).

The anhydrous Na2SO4 had been purified by hexane

extraction followed by muffling at 650°C for 4 h.
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Soxhlet Extraction

The extraction method was modified from that of Oliver
et al.

(1989) and Swackhamer and Hites (1988).

The

subsample of macerated tissue and Na2SO4 was placed in a

Soxhlet extractor on top of a bed of muffled glass wool and
covered with a thin layer of glass wool.

The extraction

flask containing 175 mL hexane:dichloromethane (3:1) and
several glass boiling chips was attached.

Internal

standards, 2,2',4,5',6-pentachlorobiphenyl (PCB 103, Ultra
Scientific) and 2,2',3,4,4',5,6,6'-octachlorobiphenyl (PCB
204, Ultra Scientific) were added to the extraction solvent
prior to extraction (25 ng each).

Samples were extracted

for 12 h.

Concentration

After cooling the soxhlet, the remaining solvent in the
extractor was rinsed into the flask with hexane.

A 3-ball

Snyder column was attached to the 250 mL extraction flask
and placed over a steam bath.
to

10 mL.

The sample was concentrated

The sample was quantitatively transferred to a

15 mL graduated tube and further reduced in volume under a
gentle stream of nitrogen to 10 mL.
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Percent Lipid Determination

Lipid content was determined gravimetrically
(Swackhamer, 1988) by drying a 200 uL aliquot of sample
extract at room temperature to constant weight.

The sample

volume was then further reduced to 1 to 2 mL under a gentle
stream of nitrogen.

Alumina Column Cleanup of Lipids

The removal of the lipids using alumina column
chromatography followed the method of Claeys et al.
and Telling et al.

(1977).

(1974)

The alumina (activated, basic,

Brockmann 1, Aldrich Chemical Company, Inc.) was activated
in a muffle oven at 800°C for four to six h.

Upon cooling,

it was stored in a Pyrex bottle at 120°C.

A plug of glass wool was placed in a 18 mm id glass
The column

chromatographic column with a teflon stopcock.

was slurry packed with 25 g alumina (deactivated 59.5 with

water and equilibrated for 4 h) in hexane.

The sample

extract was applied to the column followed by two 1 mL
rinses of the concentrator tube with hexane.

The column was

then eluted with hexane and the first 130 mL were collected.
This fraction contained the pesticides and PCBs.

The

fraction was reduced in volume under a gentle stream of
nitrogen and low heat to approximately 1 mL.
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Silica Fractionation

PCBs were fractionated from some of the more polar
pesticides and toxaphene following a modified procedure by
Bidleman et al.

(1978) and Oliver et al.

(1989).

Silica gel

and florisil chromatography have become standard method for
separating PCBs from chlorinated pesticides in complex
biological samples (Evans, 1982; Muir, 1988, 1990).
The silica gel (Grade 923, Aldrich Chemical Company,
Inc.) was activated in a muffle oven at 600°C for 3 to 4 h
and stored in a Pyrex bottle at 120°C.

A 10 mm x 300 mm

glass chromatographic column was slurry packed with 5 g
silica (deactivated 3% with water and equilibrated 1 h) in
hexane.

The sample extract was applied to the column with

two 0.5 mL rinses of the concentrator tube.

Fraction 1 was

eluted with 50 mL hexane and fraction 2 was eluted with 50
mL hexane:dichloromethane (1:1).

The flow rate was

approximately 2-3 mL/min.

Fraction 1 contained the PCBs, HCB, aldrin, heptachlor,

p,p'-DDE, 80-100% of the t-nonachlor, 70-90% of the a and ychlordane, and 80-100% of the p,p'-DDT.

Fraction 2

contained the HCHs, heptachlor epoxide, dieldrin, p,p'-DDD
and the remainder of the t-nonachlor, chlordanes, and p,p'
DDT.

A spiked procedural blank was included to monitor the

fractionation with each sample batch.

The fractions were reduced in volume to 0.5 mL under a
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gentle stream of nitrogen and low heat.

The extract was

transferred to a GC sample vial, labelled and stored at
20°C until analyzed via GC-ECD and GC-MS.

GAS CHROMATOGRAPHIC - ELECTRON CAPTURE DETECTION ANALYSIS

The resulting fractions were analyzed by a Hewlett
Packard 5890 gas chromatograph equipped with an electron
capture detector, HP 7673 autosampler, electronic pressure
control, splitless injection, and a DB-5 capillary column
(0.25 mm x 30 m, J&W Scientific).

The data reduction was

performed with HP Chemstation software.

GC conditions were

as follows: injection port, 280°C; detector, 300°C; helium

carrier gas, 1.0 mL/min (the inlet pressure program was set
to constant flow); nitrogen makeup gas, 55 mL/min; splitless
vent time 0.5 min; initial temperature 125°C for 1 min, ramp
to 180°C at 10°C/min, ramp to 220°C at 1°C/min, ramp to 300°C

at 10°C/min, hold for 3 min.

The GC-ECD calibration was performed with a minimum of
five concentrations of external standards (10 ng/mL, 25
ng/mL, 50 ng/mL, 75 ng/mL, and 100 ng/mL).
evaluation standard, PES,

A performance

(Ultra Scientific, Hope, Rhode

Island) containing 25 ng/mL each of lindane, dieldrin, and

p,p'-DDT

was analyzed following calibration.

Pesticides

and PCBs were purchased from Chem Service, Inc., West
Chester, Penn. and Ultra Scientific.
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The method detection level, MDL, for all compounds was
0.1 ng/g, expressed on a fish wet weight basis.

This was

the minimum detectable concentration of an analyte that
produced a GC-ECD chromatographic peak confirmed by a GC-MS
spectra.

If no chromatographic peak or spectra was

detected, the concentration was reported as not detected,
ND.

Procedural blanks and project reference material were

included with every eight sample extractions.

Blank levels

were negligible (Figure 2c and 2d).

GAS CHROMATOGRAPHIC - MASS SPECTROMETRIC ANALYSIS

Fractions 1 and 2 were analyzed by gas chromatographymass spectrometry (GC-MS) in the electron capture, negative
ion mode, with methane as the reagent gas.

The gas

chromatograph was a Varian 3400 equipped with splitless
injection, a DB-5MS capillary column (0.18 mm x 20 m, J&W
Scientific) and helium carrier gas.

The oven was programmed

from 100°C to 180°C at 20°C/min, ramp to 280°C/min at 4°C/min.

The injection port was set at 300°C; the column flow rate
was 1.0 mL/min.
system.

The MS was a Finnigan automated GC/EI-CI

The ion source temperature was 120°C and the

methane pressure was 0.6 Torr.

The spectra were scanned

from 200 to 520 each 0.48 sec.

The GC-MS calibration was performed with a minimum of
five concentrations of external standards (10ng/mL, 25
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ng/mL, 50 ng/mL, 75 ng/mL, and 100 ng/mL).

Compounds were

identified by comparing GC retention times and their mass
spectra to the external standard.

A linear fit of the peak

area in the total ion current (TIC) mass chromatogram to
concentration was determined using external standard
calibration.

Concentrations of analytes in the extract were

determined by relating their measured TIC area to their
corresponding calibration curves.

Two analytes, a-chlordane and p,p'-DDT, were
quantitated based on the area under the ions m/z =414, 416
and m/z =248.

Due to lack of resolution between a-chlordane

and endosulfan I, the a-chlordane molecular ion isotope
peaks, m/z = 414 and 416, were chosen for integration.

They

did not appear in endosulfan I and t-nonachlor's mass
spectra (Figure 4a, 4b and 4c); the contribution of m/z =

414 was considered minimal in endosulfan I's spectra.

Additionally, p,p'-DDT was quantitated based on the area
under the fragment ion m/z= 248.

p,p'-DDT coeluted with PCB

138.

PREPARATION OF PROJECT REFERENCE MATERIAL

Certified reference materials (CRMs) are used by many
laboratories in their analytical quality assurance programs
to validate analytical methods.

available from

A CRM is currently

NIST for noncertified concentrations for 13
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PCBs and 9 chlorinated pesticides in mussel tissue (Wise,
1991; Rasberry, 1992).

However, given the cost of the

standard, an in-house project reference material (PRM) was
prepared to monitor the analytical procedure from sample
batch to sample batch.

The PRM was prepared from a cross-section of lake trout
muscle tissue from the 1992 sampling season at Schrader
Lake.

The percent moisture was determined by measuring the

weight loss after freeze-drying

.

The tissue was then

homogenized in a glass blender and stored at -20°C.

Analytical results for the SOCs are reported in Table 5.

39

RESULTS AND DISCUSSION

Physical characteristics of the fish and snails are
reported in Table 4.

Significant differences in mean lipid

content were noted between Elusive Lake trout and Schrader
Lake trout. Concentrations of chlorinated organic compounds
in the environment can be expressed on a fresh weight or a
lipid weight basis.

The contaminants detected in the biota

from the three lakes have been expressed both ways in Table
6, 7, 8 and 9.

Table 4.

Location & Characteristics of Fish and Snails

Species

N

Schrader L.
Lake trout
Grayling

1992

Feniak L.
Lake trout
Snails

1993

Elusive L.
Lake trout
Snails

1993

Sex
M F

Mean LipidM
Muscle

(cm)

57.6± 3.3
36.9± 0.8

1.5± 1.3
2.3± 0.1

1.3± 0.2

54.6± 3.7

0.4± 0.1
0.9± 0.4

2.0± 0.5

58.8± 4.4

4

5

4

7
1

2.4± 2.1
1.2± 0.4

4

1

1

2

3
5

Mean size

(kg)

1.7± 0.4
0.36± 0.1

11

5
2

Liver

Mean Wt

7.3± 2.2
1.9± 0.6

From a consumer's point of view, it is important to
report levels on a fresh weight basis.

If, however, the

purpose is to compare contaminant levels among organisms
with different levels of fat collected from different
locations, concentrations should be reported on a lipid
weight basis (Bignert, 1993).

Most of the organochlorines

found in the environment are lipophilic and tend to be
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enriched in the organism's fat whose composition changes
throughout the year.

For example, during the spawning

season, the lipid content of the fish decreases rapidly and
then increases during nonbreeding periods.

On a wet weight

basis the fish sampled during nonbreeding periods would have
higher levels of contaminants in their muscle tissue than a
fish sampled during spawning.

Thus to facilitate data

comparison among different organisms and sites, it was
important to know the fat concentration in the individual
samples from the three study lakes.

Project Reference Material

The PRM, prepared from a cross-section of lake trout
muscle tissue from Schrader Lake, was analyzed 6 times and
the results are summarized in Table 5.

The percent moisture

was determined to be 67% and the lipid to be 7.3% ± 0.3.

In

general, there was good agreement between the batch to batch
analysis of the PRM.

Recoveries of internal standards, PCB

103 and PCB 204, averaged 92% and 100% respectively.

GC-ECD analysis of the two silica fractions for the PRM
(Figure 3a and 3b) showed that the fractions were relatively

clean; however, there were many unidentified peaks in
fraction 1 that elicited an electron capture response.
Fraction 1(Figure 3a) contained the PCBs, p,p'-DDT, p,p'

DDE, HCB, t-nonachlor, and over 90% of a and y-chlordane.
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Figure 3a. GC-ECD chromatogram of fraction 1 from project reference material (FRIO.
Fraction 1 was eluted from the silica column with hexane.
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Figure 3b. GC-8CD chromatogram of fraction 2 from project reference material MK).
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Figure 3d. GC -ECD chromatogram of procedural blank.
silica column with banana:DM (1:1).

Fraction 2 was elated from the
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Fraction 2

(Figure 3b) contained the HCHs, heptachlor

epoxide, dieldrin, p,p'-DDD and the remainder of the achlordane.

The corresponding procedural blank (Figure 3c

and 3d) was relatively clean with the exception of a
contaminant peak in fraction 2

(Figure 3d).

The retention

time of this peak, labelled (X), did not interfere with the
analytes in Table 1.

Overall, blank levels were negligible.

The chromatograms also showed the resolution of the
targeted analytes from Table 1.

separated except

All of the analytes were

a-chlordane which coeluted with an

unidentified peak in lake trout muscle tissue.

For trout

muscle tissue, the concentration of a-chlordane from GC-MS
analysis was reported instead of the GC-ECD concentration in
Table 6, 7, 8 and 9.

a-chlordane was quantitated based on

the areas under the molecular ion isotopes, m/z= 414 and
416.

On the DB-5MS column, a-chlordane was not resolved

from endosulfan I in the commercial standard.

The a-

chlordane molecular ion isotope peaks, m/z =414 and 416,

were chosen for integration as they did not appear in
endosulfan I or t-nonachlor's mass spectra (Figure 3a, 3b,
and 3c).

The contribution of m/z = 414 from endosulfan I
Figure 3d shows the spectra for a-

was considered minimal.
chlordane in the PRM.

Endosulfan I was not detected in the

PRM however, the m/z =444 molecular ion and m/z = 300
fragment ion were attributed to t-nonachlor.
eluted after a-chlordane.

T-nonachlor
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Table 5.
SOC Concentrations in PRM and Percent
Recoveries of Internal Standards (ng/g wet wt)

Sample
Lipid %
PCB 103
PCB 204

1

2

3

4

7.7
89%
95%

NA'

7.5
93%
99%

7.3
95%

96%
100%

103%

2.7
1.5
2.4
2.0
HCB
2.2
2.2
2.0
2.2
hept-epox
0.7
0.9
0.8
0.7
E-chlordanec2.1
2.0
2.0
2.3
t-nonachlor.5.6
5.4
5.5
5.3
dieldrin
2.0
2.2
1.8
1.7
p,p'-DDE
10.7
11.1 11.4 11.9
PCBs IUPAC no. d
#118
2.8
3.5
3.1
3.2
#153
5.0
6.0
4.8
5.0
#105
0.8
1.0
1.1
#138
10.1
5.8
6.0
5.3
#187
1.1
2.0
1.0
0.9
#128
0.4
0.7
0.3
#180
1.0
1.2
0.9
1.1
#170
0.3
0.5
0.3
0.3
#195
<0.1 <0.1
<0.1 <0.1
#206
<0.1 <0.1 <0.1
<0.1
ln-HCHb

5

6

7.1
90%
105%

6.7
87%
98%

2.1
1.8
0.8
1.8
5.4
1.5
13.4

2.6
1.9
0.8
2.0
4.2
1.8
9.2

1.8
NAa
NAa
3.2
0.6
NAa
3.0
NAa
NAa
1.0
NAa
0.3
0.7
NAa
NAa
0.4
<0.1
NAa
NAa <0.1

AVG

SD

92%
100%

2.2
2.1
0.8
2.0
5.2
1.8
11.3
2.9
4.8
0.7
6.0
1.2
0.3
1.0
0.4
<0.1
<0.1

0.4
0.2
0.1
0.1
0.5
0.2
1.3

0.6
0.9
0.4
2.3
0.4
0.2
0.2
0.1
0.0
0.0

a. NA = Not analyzed
b. i-HCH = a-HCH + y-HCH
c.
-chlordane = a-chlordane + y-chlordane
d. Ballschmiter, 1980

Contaminant Concentrations

The most abundant group of organochlorines in all
tissues was PCBs (Table 6, 7, 8 and 9).

In Schrader Lake,

mean concentrations of PCBs (lipid wt) in trout muscle and
liver tissue were higher than in grayling muscle and liver
tissue (Table 7).

In Feniak and Elusive Lake, mean

concentrations in lake trout muscle were higher than in the
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The higher levels reflect

corresponding snails (Table 9).

the food chain contribution to the accumulation of
contaminants in the top predator, the lake trout from the
prey.

Several highly chlorinated congeners, PCB 187, 180, and
170, appeared to accumulate in trout muscle whereas in
grayling and snails they were near the method detection
level 0.1ng/g (wet wt) or not detected (Table 6 and 8).

Other researchers also have observed that total PCB
concentrations and chlorine content of PCBs increases with
increasing trophic level (Oliver, 1988; Rasmussen, 1990).

The second major class of compounds detected was E-DDT
in which p,p'-DDE was the predominant form of DDT measured
in the biota from the three lakes.

In Elusive and Feniak

Lake, p,p'-DDE accounted for over 68% and 54% respectively
of the E-DDT.

Relative to p,p'-DDD, the concentrations of

p,p'-DDT were substantially lower in the lake trout from
Elusive and Feniak Lake.

DDE concentrations were approximately two fold higher
in lake trout muscle and liver tissue (96.4 ng/g, 165.2 ng/g
lipid wt) than in grayling muscle and liver tissue (52.5
ng/g

,

76.2 ng/g lipid wt) from Schrader Lake.

not reported in Table 6 and 7.

E-DDT was

Although p,p'-DDD and p,p'

DDT were detected using GC-ECD, they were not confirmed
using GC-MS-NCI for the Schrader Lake system.

E-DDT concentrations were substantially higher in lake
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Table 6. SOC Concentrations in 1992 Schrader Lake
Fish Expressed as Mean ± SD (ng/g, wet wt)

compound

Lake Trout
muscle
liver
N=11
N=5

-HCH°1.0 ±
HCB
1.0 ±
Dieldrin
0.7 ±
Hept. epox 0.4 ±
p,p,-DDE
62.8 ±
1-chlordane 0.7 ±
t-nonachlor 2.0 ±
PCBs IUPAC no.
#118
0.8 ±
#153
1.5 ±
#105
0.3 ±
2.5 ±
#138
0.4 ±
#187
#128
0.3 +
0.3 ±
#180
#170
0.2 ±
#195
< 0.1
< 0.1
#206
#209 GI_
< 0.1
Z-PCB
6.6

muscle
N=5

0.6
0.7
0.5
0.2
3.1
0.5
1.7

2.5 ± 0.8
3.8 ± 2.0
1.9 ± 1.0
0.7 ± 0.3
11.1 ± 6.3
3.9 ± 2.1
7.9 ± 4.8

0.4
0.3
0.3
0.2
0.6
0.2
0.3

0.9
1.4
0.3
2.0
0.3
0.1
0.2
0.1

1.7 ±
6.5 ±
1.0 ±
8.7 ±
1.8 +
0.5 ±
1.5 ±
0.7 ±
0.2 ±
< 0.1
< 0.1
22.8

0.2 ± 0.1
0.3 ± 0.1
< 0.1
0.4 ± 0.2
< 0.1
ND'
< 0.1
< 0.1
< 0.1
ND
ND

1.3
5.6
0.7
7.4
1.7
0.5
1.1
0.4
0.1

±
±
±
±
±
±
±

Grayling
liver
N=5

1.3

0.1
0.2
0.1
0.03
0.2
0.2
0.1

1.6
0.7
1.9
1.1
1.5
1.4
1.0

±
±
±
±
±
±
±

1.5
0.6
0.9
0.8
0.8
0.9
0.7

0.9 ± 0.5
0.6 ± 0.4
< 0.1
0.9 ± 0.4
< 0.1
< 0.1
< 0.1
< 0.1
< 0.1
< 0.1
ND
3.1

a. f-HCH, sum of 0(-HCH and Y-HCH
b. S -chlordane, sum of ac- and y-chlordane
c. Not detected (no chromatographic peak or mass
spectra was detected)
d. 7_ -PCB, sum of 11 congeners
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Table 7. SOC Concentrations in 1992 Schrader Lake
Fish Expressed as Mean ± SD (ng/g, lipid wt)

Lake Trout
compound

T-HCH'

muscle
N=11

43.9 ± 26.7
HCB
35.5 ± 14.8
Dieldrin
28.5 ± 17.7
Hept. epoxi18.1 ± 10.4
p,p,-DDE
b96.4 ± 55.2
M-chlordane35.3 ±30.5
t-nonachlor80.3 + 39.0
PCBs IUPAC no.
35.2 ± 31.7
#118
#153
60.9 ± 47.2
15.5 ± 10.7
#105
108.9 + 117
#138
16.8 ± 12.3
#187
#128
6.6 ± 1.5
#180
13.1 ± 8.2
6.6 ± 4.5
#170
#195
< 4.0E'
#206
< 4.0
< 4.0
#209
275.6
7_--PCBe"

Grayling
liver
N=5

liver
N=5

muscle
N=5

35.1 ± 5.5
50.5 ± 8.9
25.4 ± 3.8
9.4 ± 1.1
165.2 ± 72.
56.1 ± 22.3
114.5 ± 48.

40.1 ± 12.9
22.4 ± 9.8
30.3 ± 12.9
22.1 ± 8.5
52.5 ± 22.0
17.4 ± 7.1
31.5+ 14.0

77.2
33.8
54.8
51.3
76.2
71.5
50.5

25.1 ± 14.3
80.3 ± 53.8
14.7 ± 3.6
135.6 ± 83.
29.4 ± 19.3
6.6 ± 5.1
23.5+ 14.2
11.0 ± 5.6
2.4 ± 0.2
< 1.0
< 1.0
330.6

15.1 ± 2.7
24.0 ±10.6
9.4 ± 3.5
36.8 ± 27.5
< 8.0

44.1 ± 11.8
31.5 ± 9.1
< 5.0
49.3 + 3.7

NDcl

< 8.0
< 8.0
< 8.0
ND
ND
117.3

±
±
±
±
±
±
±

36.6
15.7
40.5
21.0
12.3
17.2
12.9

< 5.0c°

<
<
<
<
<

5.0
5.0
5.0
5.0
5.0
ND
159.9

a. 1E-HCH, sum of a-HCH and Ic-HCH
b. I.-chlordane, sum of o(- and V.-chlordane

c. Method detection level based on mean lipid values in
Table 4
d. Not detected (no chromatographic peak or mass spectra
was detected)
e. 72-PCB, sum of 11 congeners
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Table 8. SOC Concentrations in 1993 Feniak & Elusive Lake
Lake Biota Expressed as Mean ± SD (ng/g, wet wt)
Elusive Lake
Lake trout snail
muscle
N=5
N=3

Feniak Lake
Lake trout
snail
muscle
N=5
compound
N=2
0.4 + 0.3
0.5 ± 0.5
0.4 ± 0.2
1,0.2 + 0.2
1.-chlordane 1.0 ± 0.7
t-nonachlor 3.5 + 3.2
3.0 ± 2.9
p,p'-DDE
d
e_.-DDT
6.3 + 6.2
PCBs IUPAC no.
1.3 ± 0.9
#101
0.8 + 0.5
#118
2.6 ± 1.8
#153
0.2 ± 0.1
#105
#138
1.7 ± 1.2
0.8 ± 0.7
#187
0.2 ± 0.2
#128
0.6 ± 0.4
#180
0.2 ± 0.2
#170
< 0.1
#195
< 0.1
#206
< 0.1
#209
8.7
S -PCB

2-HCIe
HCB
Dieldrin
Hept. epox

< 0.1
0.2 ± 0.1
0.4 ± 0.2
NDe-

0.2
0.2
0.8
0.8

±
±
±
±

0.1
0.1
0.1
0.1

2.2

1.3 + 0.1
0.9 ± 0.1
0.5

1.2 ± 0.2
0.2 ± 0.1
0.3

0.3 ± 0.2
< 0.1
ND
ND
ND
7.0

0.3 ± 0.1
0.2 ± 0.1
0.2
0.2

0.2
0.4
2.8
4.0

±
+
±
±

0.1
0.2
2.1
3.4

0.8 ±
0.6 ±
1.2 ±
< 0.1
0.9 ±
0.2 +
< 0.1
0.4 ±
0.2 ±
< 0.1
< 0.1
< 0.1
4.8

0.4
0.3
0.6
0.4
0.1
0.2
0.2

0.3 ±
< 0.1
0.3 ±
ND
< 0.1
< 0.1
0.3 ±
0.3 ±
1.6 ±
0.8 ±
0.5 ±
0.2 ±
0.8 ±
< 0.1
< 0.1
< 0.1
< 0.1
< 0.1
ND
ND
4.4

0.1
0.3

0.1
0.1
0.8
0.4
0.2
0.1
0.3

a. T-HCH, sum of g-HCH and If-HCH
1 - chlordane, sum of g- and 1r-chlordane
b.
c. Not detected (no chromatographic peak or mass spectra
was detected)
d.21-DDT, sum of p,p'-DDT, p,p'-DDE, p,p'-DDD
e. f,-PCB, sum of 12 congeners
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Table 9. SOC Concentrations in 1993 Feniak & Elusive
Lake Biota Expressed as Mean ± SD (ng/g, lipid wt)
Feniak Lake
Lake trout
snail
muscle
N=5
compound
N=2

Elusive Lake
Lake trout snail
muscle
N=5
N=3

/-HCH`

50.6 ± 31.3
88.9 ± 55.0
< 11.0
63.9 ± 49.2
41.4 ± 27.3
45.8 ± 20.9
ND
41.7 ± 18.0
e
< 11.0
52.8 ± 33.6
< 11.0
100.0 ± 70.7
788.9 ± 771.9 45.7 ± 15.9
1152.8 ± 1219.45.7 ± 15.9

41.1 ± 30.4
HCB
32.4 ± 8.2
Dieldrin
38.2 ± 31.4
Hept. epox
10.9 ± 9.1
7-chlordaneb 65.4 ± 11.4
t-nonachlor 199.9 ± 115.6
180.2 ± 111.7
p,p'-DDE
331.9 ± 225.8
1L -DDT"
PCBs IUPAC no.
94.2± 33.8
#101
#118
56.8 ± 19.3
196.4 ± 77.3
#153
19.1 ± 9.0
#105
#138
119.7 ± 42.6
53.5 ± 25.6
#187
#128
21.1 ± 7.7
#180
43.9 ± 20.8
9.6 ± 9.0
#170
< 6.0c"
#195
< 6.0
#206
< 6.0
#209
632.3
L-PCB

< 4.0c"

8.8 ± 2.0
15.5 ± 7.2
ND'

6.4 ± 1.9
6.4 ± 1.9
32.7 ± 4.9
32.7 ± 4.9
95.8+ 4.2
56.4 ± 1.9
39.0 ± 2.7
19.5 ± 1.3
49.8 ± 4.4
6.4 ± 1.9
10.8 ± 1.7
10.6 ± 6.1
< 4.0
ND

ND
ND
292.3

213.9 ± 136.8 199.1 ± 64.3
105.0 ± 29.2
161 ±103.9
294.4+ 163.5 68.4 ± 16.2
27.9 ± 14.6
< 25.0c219.4 ± 135.1 93.7 ± 18.8
< 11.0
52.8 ± 33.6
< 11.0
< 25.0
97.2 ± 57.9
63.9+ 30.7
< 25.0
< 25.0
< 25.0
1227.6

< 11.0
< 11.0
< 11.0
ND
ND
549.1

a. 1E -HCH, sum of 04 -HCH and Y-HCH

b. S -chlordane, sum of o<- and Y-chlordane
c. Method detection level based on mean lipid values
in Table 4
d. Not detected (no chromatographic peak or mass
spectra was detected)
e. f -DDT, sum of p,p'-DDT, p,p'-DDE, p,p'-DDD
f. ' -PCB, sum of 12 congeners
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trout from Elusive and Feniak Lake than in their prey,
snails (Table 8 and 9).

For example, in Feniak trout,

E-DDT

concentrations were 331.9 ng/g lipid wt while in the snails
E-DDT was 32.7 ng/g lipid wt.

In the snails, only p,p'-DDE

was detected.

The third most abundant group of SOCs in the biota from
the three lakes was chlordane compounds and metabolites
A significant difference in

(Table 6, 7, 8 and 9).

chlordane concentration and composition between trophic
Trans-nonachlor was the dominant

levels was detected.

chlordane related residue in trout and grayling whereas in
snails

E-chlordane

(

a-chlordane + y-chlordane) and

t-nonachlor were both near the detection level.

B-chlordane/t-nonachlor ratios in trout muscle on a lipid
weight basis were about 1:2.5 while the ratio was about 1:1
in snails.

Muir et al.

(1988, 1990) found similar chlordane

patterns with ratios of 1:2 in Arctic Char and burbot from
the North West Territories.

The proportions of a- and y-chlordane in E-chlordane
have been shown to decrease and t-nonachlor to increase in
food chain studies (Kawano, 1988; Muir, 1992).

This partly

results from the ability of fish and higher trophic level
organisms to metabolize B-chlordane to oxychlordane.

y-chlordane is reported to be transformed more readily to
oxychlordane than a-chlordane (Kawano, 1988).

Our results

show that a-chlordane was present in higher levels in the
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trout, grayling and snails than y-chlordane, which was found
primarily near the method detection level or not detected at
Furthermore, oxychlordane was detected in the lake

all.

trout.

A spectrum was recorded and compared with a

published spectrum of oxychlordane by Stemmler and Hites
(1988).

Of the chlordane compounds targeted, heptachlor, a
constituent of technical chlordane (Parlar, 1979), was not
detected in any of the tissues studied.

However, the

principal metabolite of heptachlor, heptachlor epoxide, was
detected in lake trout and grayling but not in snails (Table
6, 7, 8 and 9)

.

PCB Distribution and Patterns

PCBs comprise a class of 209 different congeners.

Commercial mixtures of PCBs (e.g. Aroclor 1242, 1254 and
1260) represent mixtures of 45-118 of the possible 209
congeners (Ballschmiter, 1980).

The distribution of PCBs in

the Canadian arctic has been studied and several distinct
congener patterns

have been identified (Muir, 1988; Barrie,

1992; Bright, 1993).

The pattern of PCB congeners observed in the fish and
snails from the three lakes was similar to the pattern found
in other arctic fish (Muir, 1988, 1990).

The predominance

in the lake trout and grayling of the hexachlorobiphenyls
PCB 138 and 153, correlate well with these reports

,
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(Figure 5b).

Both congeners contribute significantly to the

mass of Aroclor mixtures (Figure 5a).

In Feniak and Elusive Lake, the pentachlorobiphenyls
PCB 101 and 118 were the primary congeners found in snails
(Figure 5c and 5d).

Other studies have shown similar

patterns in lower trophic levels and concluded the tri,

tetra, and penta congeners comprise a higher fraction of
E-PCBs in water and lower trophic levels, whereas the hexa
and hepta congeners dominate the upper trophic levels
(Oliver, 1988).

A larger snail sampling pool and inclusion

of tri and tetra congeners would be required to further
investigate this pattern.

Food Chain Accumulation

In many northern lakes, food chain relationships are poorly
understood.

The lakes, though oligotrophic, still exhibit

lake-to-lake variability in the length of food chain and in
feeding preferences of the top predator (Kidd, 1994; Wilson,
unpublished data).

Although the predators, lake trout

and/or burbot, are considered to occupy the highest trophic
position, determining the trophic status of their diet is
difficult.

Most studies have defined food chains from

stomach contents, visual observation of feeding behavior, or
from expected feeding interactions (Kling, 1992).

57

co

10

ri

8

Aroclor
1242:1254:1260 (1:1:1)

8 6
0

<

4

0

1.1

Ioff ir

I

1

1

101 118 153 105 138 187 128 180 170 195 206 209
Selected PCB Congeners (Muir, 1990)

S. b.

40

Schrader Lake 1992
co 30
Grayling 81111 Trout

0
E 20
co

0

gZ 10

0

111111

1111
101 118 153 105 138 187 128 180 170 195 206 209
im

[HT

PCB Congener

Figure 5. Major PCB congeners in snails and fish expressed
as a percentage of the E-PCB compared with an Aroclor
mixture.
5a. Congeners from Table 1 and their percentage contribution
in a commercial Aroclor mixture.
5b. 1992 Schrader Lake biota
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Recently, Kidd et al.

(1994) used stable isotopes of

carbon,(13C), and nitrogen,('N), to determine relative
trophicpositions of organisms in several Yukon lakes.
main trophic levels were identified.
included snails and zooplankton.

Three

The lowest level

The forage and

insectivorous fish, cisco and broad whitefish, were
intermediate between the invertebrates and piscivorous fish,

and the lake trout and burbot were the top trophic level.
These trophic relationships were consistent with observed
diets of the fishes (Kidd, unpublished data).

The components of the food chains for Schrader, Feniak
and Elusive Lake were determined by analyzing stomach
contents.

Inference based on visual observation given the

species present and absent and reports from other arctic and
subarctic lakes (McCart, 1972; Kidd, 1994; Schindler,l994)
also added insight.

In Schrader Lake (1992), the trout's major dietary
items were small grayling and insects.

Grayling, an

insectivorous and planktivorous fish, occupied the
intermediate trophic level.

The lake trout-to-grayling

muscle tissue biomagnification factors ranged from 0.9 to
2.3 on a lipid weight basis (Table 10).

The highest ratios

for the compounds, E-PCBs, E-chlordanes and p,p'-DDE, were
similar to ratios reported for other top predators in
aquatic systems (Rasmussen, 1990; Muir, 1993)(Figure 6).

The lowest biomagnification factors, 1.1 and 0.9, were for
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Figure 6. Comparison of mean SOC concentrations (ng/g lipid
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wt) in fish and snails from the three lakes.
sum of a- and rchlordane, heptachlor epoxide and
t-nonachlor.
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the more polar analytes, , -HCH and dieldrin (Table 10).

Both species of fish contained higher concentrations
inliver relative to muscle for the nonpolar compounds even
after normalizing for lipid content (Table 7).

The PCB and

chlordane distribution patterns were similar to the patterns
observed in the corresponding muscle tissue.

In the Schrader Lake system, dredging, stomach analysis
and visual examination of the shore line revealed no
freshwater snail population.

This may be partly attributed

to the low total organic carbon content of the sediments
(Gubala, unpublished data).

The glacial lake has a silty

bottom that may not provide a suitable substrate for benthic
organisms such as snails or clams.

Snail populations were

however found in small perimeter ponds near the Schrader
Lake system.

The surface sediment in these shallow ponds

appeared to be rich in organic matter and supported algal
communities.

At Feniak and Elusive, a freshwater snail population,
served as the lowest trophic level in addition to the
intermediate level occupied by grayling.

While trout have

generally been recognized to be piscivorous, they did not
utilize the intermediate trophic level in their diet during
our sampling period.

The snails in these systems were the

preferred prey for the trout during the period of study.
In Feniak and Elusive Lake, the lake trout-to-snail
bioaccumulation factors (BAF) were considerably higher than
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those for trout-to-grayling.

Mean BAFs ranged from 1.0 to

25 on a lipid weight basis (Table 10).

The highest ratios

were found in the more nonpolar compounds,

E-chlordanes and

p,p' -DDE (Figure 6).

E-DDT was the most highly bioaccumulated compound
increasing 25-fold in concentration from snails to trout in
Elusive Lake.

The next high BAF (22X) was found for .

chlordane in Feniak Lake.

Table 10. Range and Mean Bioaccumulation Factors

Compound
E-HCH

Dieldrin

Schrader L.
Grayling/Trout

E-DDT

0.6-10.0

3.7-22.0

(1.1)

(10.3)

(1.8)

0.2-3.0

0.7-12.0

0.3-6.0

0.3-4.5

(2.5)

(1.1)

7.5-55.0

2.3-37.2

(1.9)

(21.6)

0.3-6.0

2.2-27.0

(8.8)

2.0-107.3

(10.1)

(25.2)

0.3-15.6

1.0-3.0

0.6-5.8

(2.3)

(2.2)

(2.2)

(1.811

E-PCB

Elusive L.
Snail/Trout

0.3-3.8
(0.9)

E-Chlordanea

Feniak L.
Snail/Trout

Ratio of tissue concentration on a lipid wt basis
a. E-chlordane, sum of heptachlor epoxide, t-nonchlor, and
a- and y-chlordane
b. ratio for p,p1-DDE
Comparison of the BAFs for the snail/trout to the
grayling/trout revealed they were significantly higher for
most of the analytes (Table 10).

The relative difference in

trophic position between grayling, an intermediate level
specie, and snails, a lower level specie, may explain the
pronounced differences in BAFs.

The smaller BAFs were

primarily noted in the more polar compounds, ,HCH and
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dieldrin, with the exception of , -HCH in Feniak Lake.

Given

the fact that E-HCH is the most soluble of the compounds in
Table 1, this BAF seemed unusually high.

A larger sampling

pool would be required to determine if E-HCH was
bioaccumulating in trout.

Comparison with Other Aquatic Systems of North America

Contaminant concentrations in lake trout from these
three study lakes were generally similar to those in lake
trout from Canadian studies in the NorthWest Territories
(Table 11) and to those in burbot, another top predator,

from the Arctic Red River and Fort Good Hope in the
northwest Canadian Arctic (Muir, 1990).

The lake trout

levels were higher and grayling levels lower than those
reported in whitefish from these studies as well.

Freshwater SOC levels for benthic organisms were
unavailable.

A quantitative comparison could not be made for PCBs
and chlordanes from Muir's et al.

(1993) study because

additional PCB congeners and chlordane-related compounds
were measured in the Canadian studies.
freshwater arctic fish, Muir et al.

However, in other

(1990) reported

t-nonachlor to constitute over 30% of E-chlordane.

If this

TABLE 11. Concentration of SOCs in Biota from the U.S. and Canadian Arctic and
the Great Lakes (ng/g lipid)
Specie

Location

Sample

n Lipid 21-11CH

p,p'-DDE

t-nonach E.-PCBs

Dieldrin Reference

(%)

Schrader L.

Muscle

5

1.2

40

53

32

Lake Trout Schrader L.

Muscle

11

2.4

44

96

80

Grayling

85u-

278
o_

30

present study

29

present study

38

present study

Lake Trout Feniak L.

Muscle

5

1.5

41

180

200

628

Lake Trout Gordon L.
NWT, Canada
Lake Trout Trout L.
NWT, Canada
Lake Trout Great Lakes

Muscle

6

3.0

23

180'

263

5430

Muir, 1993

Muscle

9

4.2

60

126

250

329

Muir, 1993

fillet

18

19.7

119

751

584

1767

110

2800

360

1986

b

a
e.

whole
Lake Trout Siskiwit L.
(near L. Superior)
Arctic cod Barrow Strait

14

1.5

133

86

50

103E

Ringed sea Barrow Strait blubber

19

90.0

304

659

132

416

10

80.0

554

186

200

Polar bear Barrow Strait

fat

5

a. 2 -PCB (sum of PCBs in Table 1)
b. Includes E- DDT
2' -chlordane (sum of all chlordane related compounds)
c.
Does not include PCB 101, 128, 195, 206, 209
d.
e. Does not include PCB 153, 105, 128, 170, 195
f. Does not include PCB 195

4408

209

Newsome, 1993

180

Swackhamer, 1988

68

Muir, 1988

107

Muir, 1988

476

Muir, 1988
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percentage were applied to his 1993 study, t-nonachlor
values in Table 11 would be in the range reported for the
Schrader Lake trout.

Comparison of levels in the biota from the three arctic
lakes to other mid-latitude lakes, in particular, the Great
Lakes, yields a different picture.
the

Overall, the levels in

biota were quite low relative to the levels in trout

reported by Swackhamer et al.
(1993)

(Table 11).

(1988) and Newsome et al.

PCB levels were approximately 3-8 times

higher, p,p'-DDE about 4-10 times higher, dieldrin 6-7 times
higher, and t-nonachlor levels around 2-7 times higher on a
lipid weight basis in the trout from the Great Lakes area.

A considerable amount of research on arctic
contamination has investigated marine food chains (Muir,
1988, 1992; Hargrave, 1992).

Muir et al.

(1988) reported

the levels of PCBs and chlordanes in a simple food chain
consisting of arctic cod, ringed seal and polar bear.

It

was surprising to note that the top predator levels of
organochlorines from this study were comparable to those in
arctic cod, which occupies a low level in the marine food
chain (Table 11).

Interestingly enough though was the level

of contamination in the top marine predator, the polar bear.
PCB levels were twice those reported in the Great Lakes
trout and t-nonachlor levels were 2 times lower.

If

,- chlordane were compared in Great Lake trout versus polar
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bears, the levels were >5 times higher in polar bears.

Muir's results clearly reflected the food chain contribution
to the accumulation of contaminants in the top predator.
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CONCLUSION

Results from this study indicate mean contaminant
concentrations in the trout were higher than in their prey
reflecting the food chain contribution to the accumulation
of contaminants in the top predator.

Most notably, the

nonpolar compounds, PCBs, chlordanes, p,p'-DDE, accumulated
to a larger extent in the fish and snails than the more
polar compounds, dieldrin and HCH.

BAFs were significantly higher in the trout which fed
primarily on snails in Feniak and Elusive Lake (1993) than
in the trout which fed on grayling and insects in Schrader
Lake (1992).

These pronounced differences may be attributed

to their relative position in the food chains for the three
study lakes.

Grayling occupy an intermediate level whereas

snails occupy a lower benthic level.

This study has been the first investigation to measure
and report SOC levels in a U.S. arctic freshwater food chain
(Wilson, 1994).

Further studies will continue to evaluate

food chain contamination.

The effects of sex, fish weight,

and length on contaminant concentrations will be examined
after pooling these data with other measurements.

Additionally, the concentration of organochlorines in
sediment from Feniak and Elusive Lake will be correlated
with the SOC levels measured in the snails from this study.
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