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ABSTRACT
The bioaccumulation
ecosystem

was

concentrations

behaviour of single PCB congeners in three trophic levels of a food chain in an aquatic

studied.

Congener-specific

in tissues

biotransfer

of 4 water bird species

factors

with the contents

were

calculated

measured

comparing

PCB

in their food source.

The

coplanar PCBs were of particular interest.
The maximum

concentrations

and 26 pg/g extractable

of individual PCB congeners

lipids, respectively.

levels than the fish-feeding

bird species.

substituted coplanar PCB congeners
If the TCDD
toxicological
impairment

toxic

In general, the mussel-feeding
The biotransfer

tufted ducks showed lower PCB

factors were highest

for the non-ortho

chloro-

from lake trout to grey herons (3 to 15, depending on the congener).

equivalency

assessment

detected in mussels, fish and birds were 0.5, 4,

(TEq)

the detected

concept

based

on mammalian

toxicity

PCB levels are in the range where effects

data is used for the
on the reproductive

of theses bird species could result. However, no indication for such effects could be observed.

This suggests that species-specific

TEF values are required.
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INTRODUCTION
Water birds are exposed
especially

to various

halogenated

of the PCBs have occasionally

potential of adults as well as developmental
[l-3]

resulted

most investigations

such as DDT and PCBs. The high levels

in a number of adverse

effects

and toxic effects such as malformations

so far have been limited to the top predator

species.

preceding trophic levels remains unknown in most cases. Because of their biochemical
highly toxic 2,3,7,8-TCDD,

the non-ortho

chloro-substituted

interest. This activity seems to be mediated by interaction
the concept of toxic equivalency

The bioaccumulation

assessment

The situation

PCB congeners

with the Ah-receptor.

at the

activity similar to the
are of particular

Based on the similarities,
(TEqs)

[6] should be

of the observed PCB levels.

behaviour of PCBs through the food chain and the transfer of PCB congeners from one

trophic level to the next higher was investigated.
non-ortho

coplanar

factors (TEFs) and resulting TCDD toxic equivalents

applicable also for the toxicological

on the reproductive

and lethality to embryos

[4, 51.

possibly leading to population declines

However,

compounds

substituted

congeners

Species-specific

and organ-specific

differences

liver and muscle tissue gave a basis for the assessment

PCB patterns including

the mono- and

in content and/or congener patterns between

of the potential health hazards for different trophic

levels.

MATERIALS AND METHODS
Sample collection
All samples were collected in 1993 in the Linth channel region in Switzerland.
flowing drain of the relatively clean and oligotrophic

The Linth channel is the fast

Lake Waler-r. This mainly agricultural

area is virtually

free of industrialisation.
Species of interest were zebra mussel (Dreissenapolymorpha),

brown trout (Salmo trutta fario), tufted duck

(Aythya fuligula),

grey heron (Ardea cinerea) and cormorant

great crested

grebe (Podiceps

cristatus),

(Phalacrocorax carbo sinensis). Individuals of all the investigated

species were collected at the same time in

spring, autumn and winter, respectively.

Materials
Anbydrous

sodium sulphate (puriss. p.a.), potassium hydroxide, ethanol, silica gel 60, sulphuric acid (puriss.
(pract. -9.5 %) were from Fluka AG, CH-9470 Buchs. Activated carbon Super

p.a.), and cesium hydroxide

A AX-21 was obtained from Anderson (Adrian, MI 49221-3499, USA). All solvents used (dichloromethane,
n-hexane,

toluene, isooctane)

Fluka AG). The reference
Sulzbach).

The )3C-labelled

Isotope Laboratories

were of trace residue analytical grade (Burdick & Jackson, destilled in glass,

PCB congeners
PCB congeners

were obtained

from Amchro

Restek Europa GmbH (D-65837

nos. 77, 118, 126, and 169 were obtained

(Wobum, MA 01801 USA).

from Cambridge
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Sample preparation
Extended

versions of the analytical procedure

will be described

aliquot (1 gram) was spiked with the 13C-labelled

and discussed

PCBs (internal

standard)

elsewhere

[7, 81. A sample

and ground to powder

in a

mortar together with the five-fold amount of anhydrous sodium sulphate. The sample was then packed into a
glass column (0.8 cm - inner diameter)
reduced to approx.

and eluted with dichloromethane.

1 ml in a rotary evaporator

solvent was attained by careful application
was determined

gravimetrically.

(bath temperature

The volume of the extract was

40°C, 6.5 Pa). Final evaporation

The fat extracts were saponified

with 1 % (w/v) potassium

ethanol (100 ‘C, 30 minutes) and then extracted with n-hexane. After purification
gel impregnated

with sulphuric

of the

of a stream of purified nitrogen. The lipid content of the sample

acid, the sample was fractionated

hydroxide

in

by passing through silica

on activated carbon into three fractions

containing the di- to tetra-, mono-, and non-ortho PCB congeners, respectively.

Instrumental analysis, identifrcaon and quantiJication
The di- to tetra-ortho

fractions

were analysed

ECD), whereas the mono- and non-ortho
mass spectrometry
congeners.

(GC-HEMS).

The quantification

ECD) or l3C-labelled

Congeners

(2,4,4’-trichlorobiphenyl),

37 (3,4,4’-trichlorobiphenyl),

by co-chromatography

hexachlorobiphenyl),

determined

PCB

were IUPAC no. 28

52 (2,2’,5,5’-tetrachlorobiphenyl),

70 (2,3’,4’,5101 (2,2’,4,5,5’-

114 (2,3,4,4’,5-pentachlorobiphenyl),

126 (3,3’,4,4’,5-pentachlorobiphenyl),

153 (2,2’,4,4’,5,5’-hexachlorobiphenyl),

(GC-

resolution

with reference

81 (3,4,4’,5-tetrachlorobiphenyl),

105 (2,3,3’,4,4’-pentachlorobiphenyl),

(2,3’,4,4’,5-pentachlorobiphenyl),

capture detection

of the peak areas with those of external (GC-

standards. The PCB congeners

77 (3,3’,4,4’-tetrachlorobiphenyl),

pentachlorobiphenyl),
phenyl),

were identified

was carried out by comparison

internal (GC-HEMS)

tetrachlorobiphenyl),

using gas chromatography/electron

fractions were analysed with gas chromatography/high

118

138 (2,2’,3,4,4’,5’-hexachlorobi-

156 (2,3,3’,4,4’,5-hexachlorobiphenyl),

169 (3,3’,4,4’,5,5’-

and 180 (2,2’,3,4,4’,5,5’-heptachlorobiphenyl).

The TEF concept asedfor risk assessment
The individual
concentrations

TEq

(TCDD

toxic

by the corresponding

A total TCDD-TEq

equivalency)

values

TEF (toxic equivalence

value was calculated

were

calculated

by multiplication

factor) based on mammalian

as the sum of the individual

of the

toxicity data [9].

TEq values of 12 PCB congeners

quantified in the biological samples.
Depending

on the TEF concept used the contribution

of the individual PCB congeners

total TEq can vary greatly. Using for example the WHO TEFs [lo],
would be approximately

fifty percent lower (Table 1). Multiplication

lead to another most important
more to the toxicity
multiplication
literature.

mono-ortho

than congener

with the mammalian

congener,

and consequently

the total TEq determined

the

in this study

with the actual TEFs by Safe [ 1 l] will

namely the PCB no. 105 which seem to contribute

no. 118. In this study we decided

to calculate

the TEq values by

TEFs by Safe [9] to get a useful basis for a better comparability

with
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RESULTS AND DISCUi4SION
Table 1 shows the levels of PCB congeners
The data presented

demonstrate

in the muscle tissue of the 4 different bird species investigated.

the large variability of PCB levels found within a single species. The results

are in the range of wildlife levels reported in the literature [ 12, 131. Besides individual
feeding habits this variability
composition

differences

in the

can be due to the age of the individuals and to a seasonal variation of the food

(the birds were shot in spring, autumn, and winter). After these birds were shot in wild life and

their age is not known;

an age dependence

cannot be verified.

A seasonal

influence

was not generally

visible: only the grey herons show slightly higher PCB levels in spring than in summer and winter (single
values not shown).

Species differences
Great crested grebes, grey herons, and cormorants
zebra mussels exclusively.

are fish eating birds, whereas the tufted ducks feed on

Table 1 shows that the fish eating bird species show higher PCB levels than the

mussel feeding ducks.
This can be explained
cormorants

by the fact that fish belong to a higher trophic

level than mussels.

exhibit higher PCB body burdens than grebes. Herons and cormorants

Herons

and

feed on bigger i.e. older

fish which contain higher PCB levels than young fish which are preferred by the grebes.
The levels of the cormorant
cormorants

given in Table 1 are relatively low as compared to literature data for European

which are in the range of 24 - 301 pg/g lipid weight [ 141. As the cormorant

is a bird species

migrating to breeding colonies in Denmark during the summer months the residence time of 4 to 6 months in
the comparatively

lower contaminated

built up in a higher contaminated

Swiss aquatic ecosystem

may be sufficient to decrease a body burden

area.

Organ differences
The concentrations

of single PCB congeners

measured

shown in Table 1. The results of earlier measurements

in muscle tissues of the different

bird species are

of the liver tissue PCB content

(based on lipid

weight) in the same birds (data not published) were similar to the levels in muscle tissue.
Apparently

there is no significant

difference

between the concentrations

between these two selected organs. This suggests that PCB congeners

or the pattern of PCB congeners

are homogeneously

distributed

in the

lipids of the body.

PCB patterns and bioaccumulation
with literature data of the toxicity of PCB congeners the TEF concept of Safe [9] ,

For reasons of comparison
derived from mammalian
In the investigated

toxicity data was used.

bird species the total TEq value is composed

to 67 % by the mono-ortho,
within the mono-ortho

and 32 to 55 % by the non-ortho

congeners

by 2 to 4% contribution
substituted

congeners.

by the di-ortho, 43

The major contributor

is PCB no. 118. Besides, the PCB patterns found in this study were similar

to those reported in the literature [ 121.

(86 - 406)
(1 -6)
(20 - 222)
(12 - 61)
(123 - 768)

21
380
333
166
912

218
3
68
31
340

153

138

180

sum di-ortho

28

70

118

114

105

TEq 0)

Extractable lipids (%)

(0.1 - 0.6)

1,493

TEq (Safe)

Total PCB

3.6 f 0.7

(637 - 2,701)

6

0.3

(1.8 - 11.8)

0.9

169

(0.2 - 1.2)

(1 - 5)
(0.3 - 1.9)

2.5

126

0.6

(0.3 - 2.9)

1.0

77

(0.1 - 4.4)
(< 0.03 - 0.1)

1.0
0.06

15
114

(0.7 - 6)
(2 - 34)

2
4.2 + 0.5

(0.3 - 4)

(0.7 - 9)

(2,672 - 24,608)

8,561
6

(3 - 48)

23

4

16

2

13
2.7 k 1.5

4
3.5 f 0.5

(7,675 - 50,622)

28,776
(1 - 65)

(14 - 81)

43

(2 - 7)

(5 - 16)

(3 - 17)

8

9

(17 - 58)

34

(2 - 115)

(3 - 12)

7

(2,352 - 112,822)

(0.3 - 1.7)
(0.2 - 1.8)

1
1

(194 - 1,277)
(2,452 - 9,629)

619
4270

24

(4 - 857)

(0.4 - 154)

(2.1 - 637)

(0.9 - 61)

(0.1 - 2.5)

(32 - 146)
(400 - 1,722)

77

31,759

160

29

1

0.3

(0.2 - 11)

1

(0.1 - 1)
(0.1 - 0.9)

0.3

(0.03 - 3.3)

(112 - 5,975)
(1,150 - 44,!378)

1,412

4,090

10,619

(68 - 1,110)

441

(11 - 927)
(137 - 11,524)

1,006

(31 - 170)
(1,592 - 5,575)

3,265
(792 - 25,131)

(22 - 597)

(626 - 8,580)

164
2,158

(90 - 1,503)

655

6,573

148

164

(166 - 772)

(1,417 - 68,496)

89

(4,601 - 30,183)

17,302

(205 - 15,629)

3,848

427

(868 - 8,147)

3,903

(16 - 725)

(1,592 - 9,476)

5,708

(503 - 25,736)

19,148

(1,909 - 13,897)

7,316

(676 - 25,001)

7,782

(6 - 52)
(80 - 709)

32
343

range

average

(n=6)

CORMORANTS

7,05 1

(25 - 2,026)

(3 - 104)

range

437

30

average

HERONS

(n=9)

GREY

(6 - 85)

(434 - 5,881)

43

(11 - 116)

44

4
2,674

(17 - 880)

233

(1 - 84)
(2 - 12)

15

(1,424 - 14,682)

(208 - 2,587)

(480 - 4,5 10)

1,574
778

(679 - 7,378)

2,684

5,139

81

sum non-ortho

(9 - 38)
(31 - 168)

16
84

range

GREBES

average

(n=9)

GREAT CRESTED

(401 - 1,635)

(54 - 370)

(165 - 581)

(157 - 715)

37

sum mono-ortho

156

(< 1 - < 29)

< 12

52

101
(16 - < 29)

range

DUCKS

average

IUPAC no.

(n=8)

TUFTED

Levels of PCB congeners (rig/g extractable lipids) in the muscle tissue of four different water bird species. The total PCB was calculated by
multinlication of the sum of the congeners nos. 153, 138 and 180 by 1.7 [16]. For the TCDD-TEq values the TEFs proposed by Safe [9] and the
wH6[lo] WI used.

PCB congener

Table 1:
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The bioaccumulation
concentrations

behaviour

of the coplanar non-ortho

of these congeners

trophic levels. However,

substituted

PCBs is of particular

relative to the total PCB content did not significantly

in herons the contribution

of the coplanar

congeners

interest.

The

increase with higher

relative to the total PCB

content was higher than in tufted ducks. This may indicate that while the pattern of the remaining congeners
does not change, the coplanar PCBs may have a slightly higher tendency

for bioaccumulation

through the

food chain.
The higher levels of PCB no. 77 in tufted ducks compared to the other coplanar PCBs could be due to lower
metabolic
differences

capacity

of some duck species

in PCB body burdens

for certain planar congeners

between

bird species

individual dietary factors rather than by species differences

Table 2 shows the concentrations
Comparison

of PCB congeners

suggest

[ 151. On the other hand, the

that the PCB pattern

by

in the bioaccumulation.

in the food sources of the bird species investigated.

of these values of the total PCB content with the PCB levels detected

calculation of a mean biotransfer

is influenced

factor (BTF) of approximately

in the birds allow a

3 between zebra mussel and tufted ducks.

It was not possible to calculate a transfer factor for the great crested grebes from the fish data presented

in

Table 2. Great crested grebes feed on juvenile fish, whereas the values in Table 2 are those of adult fish.
In comparison,
individual

the biotransfer

congener.

factors from fish to grey herons ranged from 3 to 15, depending

The biotransfer

factors of the sum of the non-ortho

higher (BTF = 9) than of the mono-ortho
Within the coplanar
congeners

PCBs, congener

congeners

substituted

on the

PCB congeners

(BTF = 6) and of the di-ortho congeners

no. 169 seems to have the highest biotransfering

potency

were

(BTF = 4).
(BTFs for

nos. 77, 126 and 169 from trout to heron were 3, 11 and 15, respectively).

The total PCB content observed in one single egg of a great crested grebe was 18 + 4 pg/g extractable
(number of analyses = 3). The biotransfer

factors of individual PCB congeners

lipids

from the female grebe to the

egg indicating the maternal transfer ranged between 1 and 4 .

Toxicological evaluation and risk assessment with respect to reproductive effects
In wildlife species the reproductive
effects of environmental
examination

impairment

xenobiotics;

is a relatively easily observable biological indicator for toxic

more subtle effects like organ toxicities

require pathophysiological

of individuals.

The total PCB contents of bird species can be compared to those of species which already show impairment
of their reproduction
give an indication

(e.g. reducing pup number and size, hatchability,

occurrence

of deformities),

as to how close the bird species of interest is to become endangered

and thus

by toxic effects of

PCBs.
A first comparison

of our data was performed

This top predator and fish consumer

to those of the mammalian

is now extinct in Switzerland.

of the otter is currently assumed to be responsible

species fish otter (Lutru lufra).

PCB contamination

for the impaired reproduction

in the food sources

of these animals. In livers of

fish otters in critical areas total PCB levels between 2 to 190 pglg lipid were detected. PCB concentrations
of 50 pg/g lipid seem to represent the critical level for impaired reproduction

of these mammals [ 171.
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Table 2:

Levels of PCB congeners (rig/g extractable lipids) in extracts of whole zebra mussels (Dreissena
potjvnorpha) and muscle tissues of trout (Salmo truttafario) from the Cinth channel during 1992

to 1994. The total PCB was calculated by multiplication of the sum of the congeners 153, 138
and 180 by 1.7 [ 161. For the TCDD-TEq values the TEFs proposed by Safe [9] and the WHO
[lo] were used.

PCB congener

ZEBRA MUSSELS

BROWN TROUTS

(n=12)
IUPAC no.
52

(n=

14)

average

range

average

range

< 16

(Cl -51)

126

(16 - 352)

101

84

(13 - 251)

795

(132 - 1,736)

153

124

(32 - 403)

1,558

(211 - 3,142)

138

142

(39 - 489)

1,538

(307 - 3,862)

180

46

(10 - 150)

592

(59 - 1,338)

sum di-ortho

413

28

< 11
< 10

70

(102 - 1314)

4,609

(723 - 9,819)

(6 - 145)

(<3-31)
(< 1 - < 26)

30
110

(18 - 264)

118

89

(39 - 253)

1,208

(207 - 3,418)

114

< 10

(< 1 - < 26)

10

(2 - 29)

105

13

(5 - 37)

218

(33 - 586)

156

12

(4 - 29)

179

(20 - 381)

mm mono-ortho

144

(61 - 395)

1,754

(279 - 4,699)

37

<l

(< 0.3 - < 3)

1

(0.1 - 5)

81

<l

(< 0.2 - < 3)

0.3

(0.01 - 1)

77

<l

(< 0.2 - < 3)

5

(0.6 - 17)

126

<l

(< 0.2 - < 3)

11

(1.2 - 24)

<l

(< 0.2 - < 3)

2

(0.2 - 5)

sum non-ortho

<5

(< 1 - < 16)

18

(1 - 36)

TOTAL PCB

532

(143 - 1,768)

6,270

(981- 13,412)

TEq (Safe)

< 0.29

(< 0.1 - 0.8)

2.9

(0.4 - 7)

TEq (WHO)

< 0.13

(0.04 - 0.35)

1.3

(0.2 - 3)

169

.tractable lipids (%)

0.36 + 0.18

1.3f0.6
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If birds were as sensitive to PCBs as mammals, the observed levels of 2 to 113 pg/g lipid in the bird species
reported here, e.g. great crested grebes, grey herons and cormorants,
impairment.

Indeed, in livers of cormorants

showing reproductive

around 100 pg/g lipids [ 141. The total PCB concentrations
(Table 1, concentrations

are supposed to lead to reproductive

impairment,

the total PCB content was

in bird species determined

in the present study

in muscle tissue are in the same range as the PCB contents in liver which are not

published here) were in the same range, especially these of the grey herons and cormorants.
investigated

bird populations

communication

appear to be growing

from the Swiss Ornithological

and in relatively

Surprisingly,

good health condition

the

(personal

Institute in Sempach). Thus, the total PCB level seems not to

be a good indicator for PCB toxicity in birds. This can be due to the fact that not all bird species are equally
sensitive to the toxic effects of PCBs, as already suggested earlier by Till& and coworkers
be due to a species-specific
PCBs as toxicological

pattern of toxic and non-toxic

congeners

which is not reflected

[ 181, or it could
by use of total

parameters.

In order to evaluate the toxicity of a PCB burden in an organism the TEF concept can be used for accounting
for the different
mechanisms
mammalian

contributions

of the individual

of action of the individual

congeners.

PCB congeners.

data [9]. If these TEFs are applied nevertheless

The TEF concept

12 rig/g lipid were found [22-241.

impairment

has been observed (1

and terns TEq values up to

However, in most of these breeding colonies the hatching success of the

eggs, one of the sensitive parameters

for reproductive

impairment,

TEq value found in the single egg of a great crested grebe presented
lipids), but, as mentioned

bird populations,

from

11).

In birds most data were so far reported for eggs or chicks. In eggs of cormorants

extractable

similar

to the data given in Table 1 the resulting total

TEqs are in the same range as levels in mammals for which reproductive
to 16 rig/g lipid [ 19-2

is based supposing

So far, PCB TEFs have been developed

was not significantly

in this study was even higher (17 rig/g

above, there were no indications

neither. The calculated

reduced [22]. The

of any known toxic effects in these

TEq values (Table 1) for muscle tissue of the four investigated

water bird species were in the same range (1 -24 rig/g lipid) as reported in eggs of other water birds [20, 23251.
It can be concluded
toxicological

that neither the total PCB level nor the total TEq is an appropriate

assessment

of the present data. This asks for the development

anticipate that these TEFs will differ considerably

basis for the

of specific TEFs for birds. We

from the respective mammalian values.
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