
Research Note 

Organochlorine and mercury concentrations in eggs of grey 
plovers (Pluviulis squuturola) breeding in the Lena Delta, 

Seven eggs from four clutches of grey plovers (PI~wialis syuararola) 
breeding in the Lena Delta, Sakha Republic, Yakutia, in 1997 were 
analysed for persistent organochlorines and mercury. Contamination 
levels were low and within the same range as found in eggs from waders 
(Charadriiformes) breeding in  north-west Europe. One exception was 
CHCH, averaging 99.2 ng g - ' fresh egg mass, a level about ten times 
higher than in wader eggs from north-west Europe. P-HCH accounted for 
98% of the total HCH concentration. There are indications that the 
pesticide levels may reflect former local use. CPCB level (57.0 ng g-', 62 
congeners) and mercury concentration (68.7 ng g- ') can be considered 
low. 

K. -M. Ero, P. H.  Becker & U. Somtner, hutituta of Aviciii Research (Itistitut fur Vogelforsckung). Vogelwrrrta 
Helgolmrl, An ckr Vogelwurte 21, 0-26386 Willzeltmhciven, Gertnutiy 

Generally known to be sensitive bioindicators of 
toxic and persistent environmental chemicals, 
birds are researched in several countries to monitor 
the current condition of the environment as well as 
to identify long-term trends (e.g. Becker, Heid- 
mann et al. 1992; Newton & Wyllie 1992; Furness 
1993; Bignert et al. 1995: Becker, Thyen et al. 
1998). In particular, bird eggs have many advnn- 
tages with respect to sampling for toxic contani- 
ination (Gilbertson et al. 1987; Becker 1989). Eggs 
reflect geographical and annual contamination 
levels of the breeding sites, even if the species 
migrate over large distances (Becker 1989: 
Dietrich et al. 1997: Becker, Thyen et al. 1998). 

During the last decades i t  has become evident 
that Arctic regions. even if only sparsely populated 
and far from industrial activities, are contaminated 
with various toxic chemicals and heavy metals. 
mainly by airborne long-range transport from 
industrialized regions (e.g. Rees & Kapitsa 1994: 
Muir et al. 1995; Savinova et al. 1995; AMAP 
1998). DDT, PCB, HCB and HCH are the 
chemicals most regularly measured in the Euro- 

pean Arctic (Steinness 1997). But despite the fact 
that pollution of different Arctic regions has been 
repeatedly documented and that Arctic ecosystems 
are especially vulnerable to pollution, contamina- 
tion of biota by environmental chemicals has been 
little studied (see compilation in AMAP 1998). 
This seems to hold in particular for the Russian 
Arctic, even though the entire flyway populations 
of several wader species breed there. During an 
expedition to the Lena Delta, one of the largest and 
most important breeding areas in the Russian 
Arctic (Laboutin et al. 1985; Pozdnyakov et al. 
1996: Gilg et al. 2000), we collected grey plover 
(Pluvialis squnrurola) eggs to investigate contam- 
ination by environmental chemicals. 

Study area and methods 

The Lena Delta is situated in northernmost east 
Siberia (Sakha Republic. Yakutia). at the border 
between the Laptev Sea in the north and the 
Kharaulakh ridge in the south (Fig. 1). Grey plover 
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Fig.  I .  Location of the study area, the Lena Delta in the Eurasian 
Arctic. 

eggs were collected in the south-eastem delta, near 
the Lena Nordenskiold International Biological 
Station (72“N, 128”E; see Prokosch 1995, 1997; 
Solomonov 1995). In the south-eastem part of the 
delta grey plover breeding density was about 1 
pairkm’ in 1997 (for details see Exo & Stepanova 
3000). 

Seven eggs from four clutches were collected in 
JuneIJuly 1997: four eggs of one abandoned 
clutch, and three unhatched eggs from three 
different nests. All eggs were frozen at -18‘C 
prior to further treatment. Eggs were extracted and 
analysed as in previous studies (for details, see 
Sommer et al. 1997; Becker, Thyen et al. 1998). 
For determination of organochlorine compounds. 
2 g of the egg homogenate were dried with sodium 
sulphate, cleaned by a column filled with silica 
gel, eluted with n-hexane : dichloromethane (8 : 2), 
evaporated and taken up in 250 kt1 toluene. A gas 
chromatograph HP 5890, series 11, coupled with a 
mass selective detector HP 5971 was used, with 
electron impact ionization and measure in SIM- 
mode. A HT-5-column made by SGE with a length 
of 25 m was utilized for separation. For mercury 
determination, 100 mg egg homogenate were 
prepared with a mixture of nitric acid, chloric acid 
and perchloric acid in a partly closed test tube, in 
accordance with Kruse (1979). An atomic absorp- 
tion spectrometer (FIMS-400, Perkin Elmer) with 
an integrated flow injection module of the FIAS 
series was used for the measurements. 

The organochlorine compounds analysed were 

hexachlorobenzene (HCB), three isomers of hexa- 
chlorocyclohexane (a-, p- and y-HCH, also given 
as CHCH), the DDT (dichloro-diphenyl-trichloro- 
ethane) group (expressed as CDDT including six 
metabolites: o,p‘-DDT, o,p’-DDE [o,p’dichloro- 
diphenyl-dichloroethene], o,p’-DDD [o.p’-di- 
chloro-diphenyl-dichloroethane], p,p’-DDT, p,p’- 
DDE, p,p’-DDD), and polychlorinated biphenyls 
(PCBs). We analysed 62 congeners of PCBs 
(expressed as CPCB; see Table 1); 41 of them 
were recorded individually. 

Concentrations are given as ng g-‘ fresh (wet) 
egg mass. Detection limits were 0.1 nggg’  fresh 
egg mass for mercury, and 0.3-0.9 ng g-’ for all 
examined organochlorines. The values presented 
are arithmetic means 21 sd of the four clutches 
(the data of the multi-egg clutch were averaged 
before). To allow direct comparisons with the 
literature, concentrations expressed on a dry mass 
or lipid mass basis were converted to fresh mass 
basis assuming dry mass = 0.26 x wet mass, and 
lipid mass = 0.09 x wet mass, respectively, in 
accordance with Mattig et al. (1996). 

Results 

Shell thickness varied between 0.19 and 0.24 mm 
(0.22 f 0.02 mm), and the shell thicknesf index 
calculated according to Ratcliffe ( 1967) between 
0.73 and 1.04 (0.93 f 0.14). 

The organochlorine pesticides dominated 
among the contaminants (Table 1). /I-HCH 
(97.6 ng g-l) - the most stable compound of all 
HCH isomers (Koch 1991) -accounted for 98% of 
CHCH. p,p’-DDE accounted for about 91% of 
CDDT; p,p’-DDT/p,p’-DDE ratio was 0.063. o,p’- 
DDE, o,p’-DDD and o,p’-DDT were not detected 
in any of the samples. 

In contrast to the pesticides, industrial chemi- 
cals like PCB, HCB and mercury were found in 
comparatively low concentrations (Table 1). 
About 45% of the CPCB (57.0ngg-’)  was 
contributed by the eight indicator PCB congeners. 
HCB (20.2) and mercury levels (68.7) were also 
low. 

Discussion 

Keeping in mind that we analysed only eggs from 
four clutches of one species and that pollutant 
studies of waders breeding in the Russian Arctic 
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7 ' ~ i b / ~  /. Contaminant concentrations in  four grey plover 
clutches from the Lena Delta, Yakutia in 1997. Concentrations 
are expressed in  tig g ~' fresh egg mash. YHCH = sum of three 
isomers CL-, /j- and y-HCH; ZDDT = suni of six metebolite\ 
0.p'-DDT. p.p'-DDT. o.p'-DDD, p,p'-DDD. o,p'-DDE. p.p- 
DDE; CPCB = sum of 62 PCB congeners; addirionally the \uni 
of eight PCB indicator congeners (*)  and the PCB congcnw 
accounting fcir more than 57r to CPCB are given: PCB 
congeners referred to by IUPAC-nurnhers (Ballschmiter & Zsll 
1980). 

Varkahlr Mean rd Min. Max 

CHCH 99.2 
r-HCH 1 . 1  
I(-HCH 97.6 
pHCH 0.2 
HCB 20.2 
CDDT 226. I 
p.p'-DDT 16.6 

CPCB 57.0 
PCB 28* 5.2 
PCB 52* 1.6 
PCB 95 -1.6 
PCB 101:'' 3.1 
PCB 110 3.3 
PCB 118" 3.3 
PCB 132 2.9 
PCB 138* 3.4 
PCB 149 3.9 
PCB 153* 5.8 
PCB 175 3.3 
PCB 180* 3.5 
PCB 190* 0 

"8 PCBs 25.8 
Hg 68.7 

p.p'-DDE 205.0 

80.3 17.7 
0.7 0.6 

79.7 17.1 
0.5 0.0 

17.J 8.0 
172.1 99.5 
22.5 4.1 

114.5 95.4 
15.0 39.6 
0.3 4.8 
0.4 I .2 
1 2  3.4 
I .o 2.1 
0.S 7.9 
0.3 3.0 
0.1 2.3 
0.5 2.7 
I .0 3. I 
1.6 3.6 
0.6 2.8 
0.6 3.0 
0 0 
3.9 20.7 

13.1 56.0 

209. I 
7. I 

107.0 
0.C) 

46. I 
476.1 

50.2 
41 1.6 

75.7 
5.4 
1 .o 
5.7 
4. I 
3.0 
3.(r 
3.3 
3.'J 
5.0 
7. I 
1.2 
4.4 
0 

30.' 
x7.0 

are extremely limited, conclusions must be drawn 
with caution. Nevertheles?, i t  can be stated that 
levels of organochlorines and mercury found in 
grey plover eggs from the Lena Delta were low 

and far below levels considered embryotoxic (see 
Scheuhammer 1987; Becker, Schuhmann et al. 
1993). A comparison with eggs from other wader 
species breeding in northern Noway and along the 
German Wadden Sea coast from the mid-1990s, 
reveals (Table 2 )  that the levels were on the same 
order of magnitude except for CPCB concentra- 
tions being much lower in grey plover eggs, and 
about ten-fold higher CHCH levels consisting of 
98% of /&HCH. In comparison, in eggs from 
waders breeding in the Wadden Sea /I-HCH 
contributes only about 50-78% to the total HCH 
concentration (Becker, Thyen et al. 1998). The 
DDT values as well as the DDT/DDE ratio were 
also comparable to values in the Wadden Sea. 
Whereas the high proportion of P-HCH may 
indicate an actual input of HCH from industrial 
sources into the Lena Delta. the DDTDDE ratio 
does not indicate a recent contamination of the 
birds by this pesticide. Egg contamination may 
originate from both breeding and wintering sites. 
Many studies of Charadriifonn species indicate 
that the contamination of the breeding grounds is 
more important for egg contamination than that of 
the wintering areas (e.g. Becker 1989; Dietrich et 
al. 1997; Becker, Thyen et al. 1998). Is this also 
valid for grey plovers breeding in the Arctic, and 
migrating to southern Asia or to Europe and 
Africa'? in our opinion this may indeed hold for 
grey plovers. especially with respect to HCH. as 
has been shown by Dietrich et al. (1997), who 
found that fl- and 7-HCH levels in eggs of avocets 
(Rrcunirostra czvosetta) originate from the breed- 
ing grounds. But this has to be verified. 

The results of grey plover egg contamination are 
in line with pollutant studies in the neighbouring 

Tuhk  2. Geographical differences in mean contaminant conct'ntrations in  eggs of waders. Given are mean levels of Hg. Y8 PCB 
(see Tahle I ); ZHCH, CDDT = sum of six and four(*). re\pectively, metabolites o,p'-DDT, p.p'-DDT*, 0.p'-DDD, p,p'-DDD*. 
0.p'-DDE*, p,p'-DDE*: and p,p'-DDE. Concentrations arc given in ng g .  ' fresh egg mass (data from the literature were converted, 
see Methods). 

Hg C8 PCB CHCH /I-HCH HCB CDDT p,p'-DDE source 

Grey plover Plui~icrlis sqirurcrrola 69 26 99 98 20 226 205 This paper 
Lena DeltdYakutia 1997 (ti = 3 )  
Dunlin Cdidr-is d p i n n  93 I83 5 1 8 77" Mattig 1998 
Northern Norway 1993 ( 1 1  = 5 )  
Oystercatcher Huemumpus 768 581 S 6 7 56 49 Becker unpuhl. 

German Wadden Sea 1993 ( n  = 10) 
Avocet R < T L O Y ~ ~ O S ~ ~ . ~ I U  c w o w r I i i  50 150 5 4 15 190" 170 Mattig et al. 1996 
German Wadden Sea 1993 O r  = 10) 
Redshank Tri'rzgn totunus 60 360 6 4 7 150* 150 Mattig et al. 1996 
Germnn Wadden Sea 1993 ( n  = 10) 

osrrulegus data 
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Laptev Sea (Melnikov & Vlasov 1990 cited in 
Dethleff et al. 1993). These investigations indicate 
comparatively high concentrations of PCB. HCH, 
the DDT group and PHC (petroleum hydrocar- 
bons) in sea water as well as in sea ice (Dethleff et 
al. 1993). The Lena Delta itself is only sparsely 
populated; inhabitants are mainly engaged in 
fishing and hunting. Besides an old coal mine at 
Tiksi, there is no industry in the delta. Though 
wind as a potential long-range transport vector for 
environmental chemicals and heavy metals has 
been documented repeatedly (e.g. Muir et al. 1995; 
Steinness 1997; AMAP 1998). huge amounts of 
the chemicals found in the delta are probably 
derived from sedimentation of transported fluvial 
material (Dethleff et al. 1993; Rachold et al. 1995; 
Savinova et al. 1995; Utschakowski 1998). The 
Lena River discharges annually about 10- 
20 x lo6 t of sediment into the delta. For instance, 
the similarity of the PCB congener ratio from sea 
water and sediment samples to those of the 
Russian commercial PCB mixture “Sovol” indi- 
cate a riverine transport into the delta (Utscha- 
kowsk 1998). 

Whereas outside the breeding season grey 
plovers mainly prey on polychaetes, during 
breeding they feed primarily on insects (Byrkjedal 
& Thompson 1998). This may explain why the 
insecticides DDT and HCH had the highest 
concentrations among the environmental chemi- 
cals analysed (Table 1). Both DDT and HCH 
contamination in the study area may derive from 
use in Yakutia in former times as well as from 
elsewhere in Asia. DDT was used in Yakutia to 
control Aedes midges, especially in reindeer 
breeding areas, up to the end of the 1960s 
(Degtyarev 1997). Whereas agricultural use of 
DDT was banned in the former Soviet Union in 
1970 (AMAP 1998). DDT is still in use elsewhere 
in Asia (see Kucklick et al. 1996). HCH is 
generally known as one of the dominant persistent 
organochlorine pesticides in Arctic air and sea 
water (Savinova et al. 1995; AMAP 1998). With 
China and India, the former Soviet Union was a 
leading HCH-utilizing country. According to 
Degtyarev (1997). from 1970 to 1995 about 
3000 t of HCH were used for agricultural purposes 
in addition to other pesticides in Yakutia, mainly 
in the alas-type taiga between the Lena and the 
Amga. The drainage basin of the Lena reaches up 
to Lake Baikal. The relatively high HCH pollution 
of the sea water (1.66 ng g-’ , Melnikov & Vlasov 
1990 cited in Dethleff et al. 1993) may be 

responsible for the comparatively high HCH levels 
in grey plover eggs; parts of the delta are regularly 
flooded. 

Arctic ecosystems are particularly sensitive to 
perturbations. Additional studies are needed to 
document the present situation with respect to 
pollution (Savinova et al. 1995: AMAP 1998). 
Because of their relatively high position in the 
food web and their vulnerability to persistent 
pollutants, waders are good bioindicators of 
environmental chemicals. They should therefore 
be included in an overall Arctic monitoring 
programme, along with fish-eating birds and birds 
of prey. Due to the impact of the river Lena on the 
Arctic Ocean and the outstanding ornithological 
importance of the delta, we recommend the Lena 
Delta as one reference area. 
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