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Residues of DDT and PCBs in the eggs of the Herring Gull Larus argentatus
in the archipelago of southwestern Finland
Antti Karlin, Pirjo Rantamäki & Risto Lemmetyinen
As DDT and PCBs have deleterious effects on the reproductive success of birds and also on chick survival, we measured DDT and PCB residues in eggs of Herring Gulls in
the archipelago of southwestern Finland . The samples were
taken in Kustavi and Sauvo in 1978 . The distance between
the colonies was about 100 km (Fig. 1) . We also examined
whether the laying sequence had an effect on the levels of
chlorinated hydrocarbons .
The eggs were collected at the beginning of incubation
and were kept frozen at -18°C . For the analysis, the eggs
were thawed and homogenized with a macerator and samples were weighed out (2-5 g) . The samples were then
homogenized again in a mortar with granular quartz, mixed
with a fourfold amount of anhydrous sodium sulphate,
dried overnight at room temperature and Soxhlet-extracted
with a mixture of hexane, acetone, diethyl ether and petroleum ether (2 .5 : 7 .5 : 1 : 9 w/w) (Hattula 1973) . The extracted fat was weighed and purified by TLC on Silica Gel
(Linko et al . 1974) . The analyses were conducted on a Varian gas chromatograph, Model 2440, equipped with two 3Helectron capture detectors . The packing material in the column was 6 % (w/w) GE SF-96 on Chromosorb W . The carrier gas was nitrogen (30 ml/min) . The standard compounds
were p'-DDE, p,p'-DDD, p,p'-DDT and Clophen A 60
(PCB The sum of DDE, DDD and DDT is referred to in
the text as sDDT . The PCBs were quantified by summing
the five highest peaks that did not overlap with the pesticide
peaks and taking their mean value . The recovery percentages for p,p'-DDE, p,p'-DDD, p,p'-DDT and PCBs
(Clophen A 60) were 84±8, 95±4, 86±4 and 94±2 .
In the eggs collected in Kustavi the levels of sDDT and
PCB residues were significantly lower than in the eggs from
Sauvo (Table 1) . The fact that in Kustavi the lipid content
of the eggs was higher than in Sauvo makes the difference

even more remarkable . The proportion of DDE in sDDT
was almost the same in both colonies, in Kustavi 96 .3
and in Sauvo 97 .0 % .
The differences in the levels of sDDT and PCB residues
between Kustavi and Sauvo might be due to the female
gulls using different wintering areas or different food during
the wintering or breeding season . However, the Herring
Gulls from SW Finland winter mainly in the southern Baltic
Sea and no differences have been found between the individuals of different colonies in the Finnish southwestern archipelago (Kilpi & Saurola 1984) . It is possible that the
female gulls use different food in the breeding area, for
some gulls take their food at dumps, where the DDT and
PCB levels in the edible matter are low, while other gulls
feed mainly on fish and may ingest more chlorinated hydrocarbons . This has not been studied, however .
The levels of DDE and PCB residues in the eggs from
Kustavi and Sauvo are fairly similar to the levels observed
in the southern Baltic Sea area (Eggers et al. 1977) . In the
North Sea the levels are much lower (Johansen 1978,
Jørgensen & Krau11974), which is evidence of the pollution
of the Baltic Sea .
As the laying sequence of the eggs could be determined,
it was possible to examine its effect on the levels of sDDT
and PCB residues (Figs . 2 and 3) .
If we consider the egg material as a whole, the levels of
sDDT and PCBs were in most cases lower in the second egg
than in the first one and the lipid content changed in the
same way . The residue levels in the third eggs had no
noticeable trend compared with the first or second ones .
The weights of the eggs were also measured and the
amounts of sDDT and PCBs in every egg were calculated
separately . This did not, however, change the effect of the
laying sequence . The highest amounts of sDDT and PCBs
recorded in an egg in Kustavi were 1 .06 mg and 3 .60 mg
and in Sauvo 1 .23 mg and 3 .78 mg, respectively . The combined data were tested with the Kruskal-Wallis test
(Table 2) .
In this study the laying sequence had no statistically significant effect on the levels of sDDT and PCBs . The sample
Table 1 . The levels of sDDT and PCB residues in the eggs
of Herring Gulls in Kustavi and in Sauvo (mg/kg) and the
statistical significance of the differences( Kruskal-Wallis
test) (- not calculated ; ns not significant ; o P < 0 .1 ;
P<0 .05 ;**P<0 .01) .
Kustavi

Fig . 1 . The sampling areas : 1 . Sauvo, Peimar, Bådan ; 2 .
Kustavi, Porkankari .

Eggs (N)
9
Lipid content (%) 9 .1 ± 2 .7
Lipid
sDDT
45 .6 ± 15 .5
DDE
43 .6 ± 15 .4
DDD
0 .8 ± 0 .5
DDT
0 .9 ± 0 .3
PCB
130 .8± 96 .3
Fresh
sDDT
4 .3±2 .7
DDE
4 .1±2 .6
DDD
0 .1±0 .04
DDT
0 .2 ± 0 .2
PCB
12 .6±11 .8

Sauvo

Signif .

20
7 .5 ± 1 .9

-

97 .3 ±- 43 .6
93 .9 ± 43 .0
0 .7 ± 1 .9
2 .6 ± 3 .6
260 .0 ± 137 .0

**
**
ns
*
*

7 .0±3 .1
6 .8±3 .2
0 .1±0 .1
0 .2 ± 0 .2
18 .1±7 .7

*
*
**
ns

0

0
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Fig . 2 . The levels of sDDT and PCB residues in the eggs of
Herring Gulls (mg/kg of fresh weight) as a function of the
laying sequence in Sauvo .

Fig. 3 . The levels of sDDT and PCB residues in the eggs of
Herring Gulls (mg/kg of fresh weight) as a function of the
laying sequence in Kustavi .

was, however, very small . When studying the eggs of European Sparrow hawks Accipiter nisus, Newton and Bogan
(1978) also found that the organochlorine concentrations
did not differ significantly according to the laying sequence .
According to Johansen (1978), however, in Great Blackbacked Gulls Larus marinus the levels of DDE and PCBs
are highest in the second egg . The second egg of Great
Crested Grebes Podiceps cristatus and Little Grebes
Tachybaptus ruficollis also has higher levels of DDE and
PCBs than the first one (Alberto & Nadal 1981) . Nisbet
(1982) reported that in the third eggs of Common Terns
Sterna hirundo organochlorine concentrations are generally
higher by about 20 % than in the first eggs . He suggested
that the difference may be related to changes in the lipid balance of female Common Terns during the egg-laying
period . Prior to egg-laying female Common Terns accumulate substantial weight-reserves, but during the egg-laying
period their food intake is reduced and the reserves are
rapidly depleted . It is probable that the effect of the laying
sequence on the concentrations of DDT and PCBs varies
with the species and the feeding habits during egg-laying .
Although the eggs of Herring Gulls in the archipelago of
SW Finland have relatively high sDDT and PCB levels, no
reproduction problems have been observed .
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Table 2 . The levels of sDDT and PCB residues in the eggs
of Herring Gulls (mg/kg) according to the laying sequence
and the statistical significance of the differences (KruskalWallis test) . The data from Kustavi and Sauvo combined.
The symbols as in Table 1 .
I egg

II egg

Eggs (N)
12
11
Lipid content (%) 8.5 ± 2 .5
7 .2 ± 2 .3
Lipid
sDDT
73 .2 ± 33 .1 91 .1 ± 54 .4
DDE
69 .8 ± 33 .6 88 .8 ± 52 .1
DDD
1 .1 ± 2 .4
0 .3 ± 0 .4
DDT
2 .4 ± 3 .0
1 .9 ± 3 .8
PCB
193 .7 ± 81 .8 247 .0 ± 181 .7
Fresh
sDDT
6 .2 ± 2 .9
6 .0 ± 3 .4
5 .9 ± 2 .9
5 .9 ± 3 .4
DDE
DDD
0 .1 ± 0.2
0 .02 ± 0 .03
0 .2 ± 0.2
0 .1 ± 0 .1
DDT
PCB
16 .5 ± 5 .0
15 .2 ± 8 .0

III egg

Signif.

6
8 .4 ± 1 .3

ns

78 .7 ± 47 .3
75 .0 ± 47 .0
0 .6 ± 0 .7
2 .1 ± 2 .1
222.4 ± 151 .1

ns
ns
ns
ns
ns

6 .5 ± 4 .1
6 .3 ± 4 .1
0 .1 ± 0 .1
0 .3 ± 0 .3
18 .3 ± 13 .2

ns
ns
ns
0
ns

Selostus : Harmaalokin munien DDT- ja PCB-pitoisuuksista Saaristomerefä
Saaristomeren harmaalokkien munien DDT- ja PCB-pitoisuuksia analysoitiin Kustavin ja Sauvon alueilta kerätyistä
näytteistä . Kustavista kerätyissä munissa sDDT- j a PCB-pitoisuudet olivat merkittävästi pienempiä kuin Sauvon aineistossa . Kustavissa sDDT :tä oli keskimäärin 4 .3 mg/kg ja
PCB-yhdisteitä 12 .6 mg/kg ja Sauvossa sDDT:tä 7 .0 mg/kg
ja PCB-yhdisteitä 18 .1 mg/kg tuorepainoa kohti laskettuna .
Eron tekee vielä merkittävämmäksi se, että Kustavissa munien rasvapitoisuus oli korkeampi kuin Sauvossa . Syynä
eroon saattaa olla emojen erilainen ravinto . Tutkimustuloksia tästä ei kuitenkaan ole .
Koska munat oli identifioitu munimisjärjestyksen mukaan, oli mahdollista seurata munimisjärjestyksen vaikutusta sDDT- ja PCB-pitoisuuksiin . Toisessa munassa oli
useimmissa tapauksissa vähemmän sDDT:tä ja PCB-yhdisteitä kuin ensimmäisessä . Erolla ei kuitenkaan ollut tilastollista merkitystä .
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