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Introduction 

The Programme for the year 1999-2000 was planned as a follow up programme of the geographical pilot 
study carried out 1997-1998 by which very high concentrations of POP´s were found in East Greenland. 
It was furthermore a continuation of the completed Phase I program for Human Health. 

The main objectives of the program was: 

1. Monitoring and assessment of exposure to heavy metals and POP´s and to describe and analyse time- 
and spatial trends. 

2. Risk assessment  based upon questionnaire-answers  with emphasis on lifestyle parameters such as 
diet, smoking, and drinking habits. 

3. Analyses of body-fat acid profiles, and selenium as dietary markers and cotinin as a marker of 
smoking 

4. Monitoring of defined effect markers/biomarkers. 

 

Materials and methods 

Sample Collection 

The target areas were the two East Greenland districts Scoresbysund (Ittoqqqortoormiit) and Angmassalik 
(Tassiilaq). In each districts  blood samples from 50 men and 50 women were collected and for each 
person a questionnaire was filled out. These results were supplemented with data from 48 men from 
Uummanaq, West greenland 1999. 

From 1999 the collection procedure was changed to improve the earlier problems concerning 
representability and compliance. Names and addresses of 20-50 year old men and/or women (pregnant or 
non-pregnant), were randomly drawn from the public registries and they were personally contacted by a 
district medical officer, DMO, who took the blood samples and surveyed the answering of questionnaires.  

All the sampling took place within a short time period of 1-2 weeks, during which the DMO visited the 
target location, the compliance to participate was over 90%, blood samples were obtained from 100% of 
the actual participants and the compliance in answering questionnaire was also very high, close to 100%. 

Sample analysis 

Blood samples were prepared for determination of plasma organochlorines ( microgram per litre and 
microgram per kg lipid), cholesterol, triglycerides,  phopholipids  ( g/l and mmol/l), and total fatty acid 
profiles ( distribution in % of total lipids). 

According to protocol conditions agreed upon by the AMAP Human Health Expert group as previously the 
plasma samples were analyzed at Le Centre de Toxichologie, Sainte Foy, Quebec, Canada (8) for 11 
pesticides, 14 PCB-congeners (28, 52, 99, 101, 105, 118, 128, 138, 153, 156, 170, 180, 183, 187) and  
four toxaphenes. 
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Furthermore Selenium and heavy metals ( microgram /l) were determined as additional indicators of 
marine food product consumption and cotinine ( ng/l) was determined as an indicator of nicotine 
breakdown products and current smoking status or exposure. 

Selenium and heavy metals were analyzed at the National Environmental Research Institute, Dept. of 
Arctic Environment, Copenhagen, Denmark.  

The fatty acid profiles were  determined in plasma phospholipids ( at the Biology Dept. University of 
Guelph, Canada).  

Plasma cotinine, a biomarker of metabolic nicotine breakdown, was  determined using a semi quantitative 
Cotinine Serum Micro plate assay (STC technologies) according to the instructions by the company.  

The standard AMAP questionnaire was used to collect information on demography, anthropometric 
parameters and lifestyle questions such as smoking and frequency of traditional food intake. In addition a 
more detailed dietary questionnaire was applied. 

All the data were analyzed using SPSS-statistics program version 9.0 and 10.0. Arithmetic and geometric 
means, medians and ranges of contaminants were calculated and compared.  In the final linear regression 
analyses logaritmized concentrations of POP were used to approach normal distributions. Multiple linear 
regression analyses for predictors of high contaminant exposure were performed for a number of 
plausible models, and model control was performed for the best models.  

 

Results 

The results of the contaminant analysis are summarized in the table below. They confirm the results from 
the geographical pilot study collected in1997-98 with almost identical contaminant levels. They show that 
the POP levels, especially PCB, were extremely high in Ittoqqortoormiit , the highest in Greenland and 
among the highest in the Arctic This is in accordance with very high PCB guideline exceedances. (100%) 
(Canadian levels of concern). Also the US-EPA guideline for mercury was exceeded by >90 % in both 
Tassiilaq and Ittoqqortoormiit . The mercury level was higher in Tassiilaq.    

The dietary survey showed that the local , traditional food made up about 28% of the total intake in 
Ittoqqortoormiit and 25 % in Tassiilaq. The relative composition , however was different with higher 
consumption of  seal and fish in Tassilaq, and higher comsumption of polar bear and muskox in 
Ittoqqortoormiit. Also the relative composition of the imported food differed and was more varied in 
Tassiilaq. 

The plasma fatty acid content was characteristic of the dietary composition.of the n-3/n-6 ratio is an 
indicator of the cotent of traditional food ( Uummanaq 0.70, Ittoqqortoormiit 0.35 and Tasiilaq 0.41). All 
the blood n-3 fatty acids were significantly correlated with the organic pollutants ( betaHCH, chlordanes, 
Ddt, hexaclorobenzene PCB and toxaphenes) the strongest correlations between POPs and fatty acids 
were found with FA: 22.5.3 which is a strong indicator of seal and polar bear fat intake, thus indicating 
seal and polarbear blubber as the main contributors of POPs. 

The plasma cotinine levels confirmed the self-reported smoking status but indicated that the smoking level 
was underreported. More than 75 % were present smokers with a reported average of 9 cigarettes a day. 

Multiple linear regression analyses of results from Disko Bay 1994-97, the geographical survey 1997 , 
Uummanaq 1999, and these latest results from the East Coast 2000 showed  the  main predictors of high 
blood levels of persistent organic pollutants to be age, smoking (cotinine), and high n-3/n-6 ratio indicating 
high intake of traditional seafood, also  district was a major determinant. 

Whereas gender itself was not a predictor , lifestyles, particularly smoking, but also traditional food intake 
varied between the two sexes and therefor exposure was sometimes higher among men than among 
women   In Ummanaq the mean blood level of mercury increased significantly between 1979 and 1999, 
whereas the mean blood levels of Pb had dropped significantly among men in Uummanaq  since1979 and 
among men and women in Tasiilaq since 1981.  
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Previous measurements of organic pollutants were not available and the time period  within  the AMAP 
study was too short and the material  insufficient to detect any possible time related changes in  organic 
pollutant levels. 

 

Table 1. Contaminants in wet weight, microgram/L plasma. Geometric means, minimum and maximum 
determined from pregnant women, men, and non-pregnant women on the East Coast of Greenland. 
 

 
 
Ittoqqortoormiit 

99-2000 

 
Ittoqqortoormiit 

99-2000 

 
Ittoqqortoormiit 

99-2000 

 
Tasiilaq 

2000 

 
Tasiilaq 

2000 

 
Tasiilaq 

2000 
total n 8 pregnant 52 men 42 women 8 pregnant 40 men 40 women 

 
Hg 

 
10.5: 

(3.9-27.3) 

 
14.2: 
(2-73) 

 
18.2: 
(4-48) 

 
19.7: 

(6.5-60) 

 
26.0: 
(4-82) 

 
24.7: 

(7-155)  
Pb 

 
30.8: 

(23-47) 

 
70.7: 

(38-148) 

 
57.8: 

(28-156) 

 
23.8: 

(16-33) 

 
51: 

(22-123) 

 
37.9: 

(18-140)  
Cd 

 
0.95: 

(0.6-1.54) 

 
1.65: 

(0.1-7) 

 
1.38: 

(0.1-5) 

 
0.66: 

(0.25-2) 

 
1.22: 
(0.3-3 

 
1.23: 

(0.3-3)  
aldrin 

 
nd 

 
0.01 

 
0.01 

 
nd 

 
0.01 

 
0.01  

beta HCH 
 

0.24: 
(0.12-0.61) 

 
0.49: 

(0.07-2.6) 

 
0.56: 

(0.07-2.0) 

 
0.20: 

(0.1-0.4) 

 
0.16: 

(0.01-0.7) 

 
0.16: 

(0.03-0.7)  
sum of 

chlordanes 

 
3.5: 

(1.4-10.6) 

 
5.91: 

(0.9-27) 

 
6.6: 

(0.6-24) 
 

 
4.9: 

(2.1-9.1) 

 
3.4: 

(0.15-19) 

 
3.28: 

(0.63-23) 

 
DDE+DDT 

 
5.94: 

(2.9-19.4) 

 
8.68: 
(2-40) 

 
12.3: 

(1.7-46) 

 
11.4: 
(6-21) 

 
6.7: 

(0.4-36) 

 
7.82: 

(1.5-30.5)  
hexachloro-

benzene 

 
0.78: 

(0.37-1.97) 

 
1.18: 

(0.17-4.3) 

 
1.6: 

(0.3-4.9) 

 
1.05: 

(0.4-1.9) 

 
0.83: 

(0.13-2.45) 

 
0.80: 

(0.22-2.8)  
mirex 

 
0.18: 

(0.05-0.88) 

 
0.39: 

(0.04-2.2) 

 
0.35: 

0.02-1.33) 

 
0.30: 

(0.1-0.7) 

 
0.24: 

(0.01-1.33) 

 
0.23: 

(0.02-1.2)  
PCB, 14 

congeners  

 
14.5: 

(5.1-49) 
 

 
29.1: 

(3.4-180) 

 
30.8: 

(2.5-106) 

 
14.7: 

(8-25.6) 

 
10.54: 

(0.7-49) 

 
10.52: 

(2.2-39) 

 
Arochlor 1260 

 
36.0: 

(13.6-125) 

 
78.9: 

(9.6-404) 

 
85.1: 

(7.3-263) 

 
37.6: 

(22-60) 

 
26.1: 

(1.7-119) 

 
26.6: 

(5.1-90)  
Toxaphenes, 4 

congeners  

 
0.60: 

(0.37-1.22) 

 
1.24: 

(0.03-4.1) 

 
1.26: 

(0.14-7.3) 

 
1.35: 

(0.4-2.9) 

 
0.89: 

(0.05-6) 

 
0.88: 

(0.18-3.8)  
PCB Guideline 
Exceedance (a) 

 
100% 

 
100% 

 
100% 

 
97% 

 
98% 

 
100% 

(a) PCB Aroclor 1260, Canadian level of concern for pregnant / fertile women, 5microgram/litre 
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Introduction 

Tissue metabolism is function of different metabolical pathways. The key  (regulatory) points of its  
pathways often are enzymes contain vitamins as its obligatory parts. It is may concern of many lively 
important processes such as energy homeostasis and pollutant and toxic substrates detoxication. The 
lowering of vitamins content in organism leads to decrease of its enzyme activity and results of that  
may be suffered the function of metabolical pathways  responsible for energy homeostasis and 
detoxication. 

Last years in Russia marked change in living style, nutrition, diet habits which has tendency to worse. 
So it was an interesting to search the vitamins profile in inhabitances of Russian North in nowadays 
conditions. 

 

Methods  

It was been examined more than 800 persons (males and females) inhabited in the Russian European 
North mainly in the Komi Republic. The age of examined persons varied from 7 to 85 years old. 
Some of persons were examined several times (up to 4 ) during the 12 months. 

From all examined peoples in the morning time on fast were taken the blood from cubital vein for 
analysis. The content of “vitamin A” and “vitamin E” in serum were performed spectrofluometrically. 
The serum content of «vitamin C» (ascorbic acid) was measured using 2,6-dicloroindophenol 
methods. The body level of “vitamin B1” (thiamin) and “vitamin B2” (riboflavin) were measured 
according the (Vuilleumier L.P et al, 190). 

 

Results 

It was been detected tat in general the normal content of vitamin A, vitamin E and vitamin C were 
detected in more than 85% of examined persons.  

In the same time the body levels o vitamin B1 and vitamin B2 was very negative. In separate social 
and ethnical groups the percent of deficiency peoples achieve 80%. In young students age 18-20 was 
detected during the different season from 30 to 65% persons having lowering content of vitamin B1. 
The most difficult situation opened in industrial North city Vorkuta situated 68”N.C. This city 
population typical quick development of heavy deficits of B1 content especially between woman. 
Examining of indigenous peoples living in this area also shown wide spread B1-deficits in his 
population. 

Also in the examined peoples shown wide speed deficits of vitamin B2. In general the situation with 
vitamin B2 better comparatively to vermin B1 ones. The worst content of vitamin B2 were detected in 
elderly peoples and also in Komi natives. 

In Europe the main sources of B1 and B2 are meet. The Russian nutritional habits the main sources of 
B1 are bread and B2 come milk. In fact we see the problem with providing B1 and B2 in nowadays 
diet of Russian North inhabitances. 
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Conclusion 

Vitamin B1 and B2 is the part of key enzymes of energy homeostasis and pollutant detoxication 
pathways. We detected the strong decreasing of this vitamins content between population of Russian 
European North at now. We supposed that from this positions it ought to look on the effect of 
pollutant on human tissue metabolism and health and functional conditions.  
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About 18 000 indigenous people populate Chukotka autonomous okrug which counted 26,4 % of the 
total population of Chukotka in January 1, 2002. Since 1959 till now the total native population of 
Chukotka has increased by 48,9 %. The population of natives in 1991 counted 11,3 % of the total 
population, and in 2000 it increased to 25,2%. The major ethnic groups of the small indegenous 
peoples are Chukchi, Eskimo, Even and Koryak. 

During 1991-2000 years the epidemic situation on a infectious and parasitic sickness rate in the 
district critical. Annually among the native population the infectious and parasitic sickness rate was 
registered for 30-35 nosological forms. The infectious and parasitic sickness rate among the native 
population made from 30,0 up to 45,5 % of the total native population. Thus, both for adults, and for 
children the levels of the infectious and parasitic sickness rate among the indigenous population 
during the study period were 1,7-2,5 times higher, than in the total population of the district (Fig. 1).  

Fig.1. Levels of infectious sickness rate of population in 
Chkotka (per 100 000 people)
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Among infectious and parasitic sicknesses of the native population sharp respiratory virus infection 
and flu ranged from 78,0 up to 85.0 %; the patients by, other aerosol infections counted from 10,0 up 
to 13,5 %, sharp intestinal infections made up to 2,0 %, and helminthiasises made up to 1,6%. Thus 
the greatest fluctuations of sharp virus infection and flu sickness rate were observed among children. 
In the district there were observed epidemics of the flu and of the so-called “children's infections”: the 
flu in 1991, 1992, 1997, 1999, measles in 1991, 1992, 1994, scarlatina in 1991 and 1992, and roseola 
in 2000. The State sanitary and epidemic inspection service stated, that the situation in the district 
with infections controllable by specific facilities of preventive maintenance, including diphtheria, is in 
general safe. The poliomyelitis is not registered since 1979, during the last five years were observed 
isolated instances of whooping-cough, measles, and parotit. 

Epidemic conditions on intestinal infections was also critical during the study period, and the levels of 
sickness rate in the indigenous population 2-3 times exceeded the average of the district, which one, 
in turn exceeded 2-3 times the average sickness rate in Russian Federation in. On salmonella sickness 
the most ill-behaved is Bilibinsky region, whereas the most ill-behaved regions on dysentery and 
other sharp intestinal infections are Chukotsky, Providensky, and Iultinsky. 
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Sickness rate of living condition dependent tuberculosis, sexually transmitted diseases, scab and 
others tends also to grow up. The tuberculosis sickness rate of the indigenous population tends to 
decrease from 321,4 to 106,7 per 100000 people, although the initial tuberculosis sickness rate among 
the adult population tends to grow up from 19,3 in 1993 to 31,5 in 1997. Unfortunately preventive 
maintenance of tuberculosis took a turn for the worse, and the epidemic tuberculosis condition is 
critical. 

There are some peculiarities in dynamics of the sexually transmitted diseases in the indigenous 
population. The sickness rate of all the forms of syphilis was growing until 1997, and in the 
subsequent period considerably decreased to 5,6 per 100000 people, but the initial gonorrhoea 
sickness rate remained high, 3-6 times exceeding it for the whole Russia. Since 1992 among the 
native inhabitants trichomoniasis is recorded; the level of an initial sickness rate of the last one now is 
3-4 times higher, than the average of the whole Russia. 

In 1998 three cases of AIDS-infection are recorded in the district for the first time. Infected people 
came from the FSU-countries. 

Among natural and zoogenic infections, which are dangerous first of all for the indigenous inhabitants 
lyssa and brucellosis should be mentioned. Annually up to 500 people injured by animals are 
recorded. Up to 30,0% of them got the course of vaccination against lyssa. About 50,0% of reindeer 
farms have endemic brucellosis. Therefore reindeer farmers should be regularly checked up on the 
brucellosis. Last checkup was carried out in 1998. 

The parasitosises and the helminthiasises are widespread among the native population and tended to 
grow during the studiedtime. So, 881 cases of parasitosises were registered in 1998, that is 1058,4 per 
100000 people, i.e. 14,5% higher than in 1997 and 17,5 % higher than in 1994. 99,5% of cases are 
helminthiasises, and 0,5 % is lambliozos of protozoan diseases. Among helminthiasises the contact 
helminthes prevail (92,1%), the geohelminthes make up 2,7 %, biohelminthes make up 5,0 % and 
others make up 0,2 %. Enterobiosis prevails among contact helminthes, 93,5 % among them are 
children, the isolated instances of hymenolepidosis also take place. 

The major ilness among geohelminths remains ascariasis, its dynamics of a sickness rate has the 
expressed tendency to decrease. The cases of diphyllobothriasis and sometimes of trichinosis are 
permanently recorded mostly among the native population. 

The district is endemic on echinococcosis. Dynamics of the echinococcosis sickness rate tends to 
stable growth. Statistics of the parasitosises and the helminthiasises does not reflect the realityof the 
sickness rate in the indegenous population because of difficulties of examination of the population of 
distant villages and mobile tundra farmers. 

The level of scab sickness rate is several times higher, than average for Russia. In 1990 scab was not 
recorded in Chukotka, in 1991 the isolated instances were recorded, but in 1995 the sickness rate 
reached 2462,4 per 100000 people. During the subsequent five years the sickness rate decreased, but 
remains rather high: 729,0 per 100000 in 2000. 

Thus infectious and parasitic sickness rate is one of the relevant dynamical parameters of a state of 
health of indigenous peoples in the Northeast of Russia and, apparently, of all the Russian Arctic, 
which reflects social, economical and ecological conditions. 
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Environment and respiratory morbidity in Karelia 
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The problems of the prevention of adverse influence of the ecological factors on population health are 
now rather urgent for all countries in the world. The importance of these questions proves to be true 
by numerous researches (V.P.Kaznacheev, 1973, 1980; G.I.Sidorenko et all. 1991; M.Feshbach, 
A.Friendly, 1992; N.V.Dorshakova, 1997).  

The man, as a biological kind, existing at certain geographic, physical and meteorological conditions, 
has achieved the most perfect forms of adaptation to the environment. Still he is exposed to the 
ecological factors, which under adverse conditions affect his health. Health disturbance is quite often 
caused by anthropogenous factors. Their influence is exponentiated by discomfort climatic conditions. 
It results in failure of adaptation processes and occurrence of a disease. Respiratory system, having 
the greatest area of contact with the environment, is vulnerable and open to injury at combined 
influence of technogenic pollution of an atmosphere and adverse climatic conditions.  

The Republic of Karelia is located in high latitudes of the European part of Russia. Characteristic 
feature of it is discomfort environment that negatively affects people's health and vital activities. In 
this connection territories of Belomorsk, Kalevala, Kem and Louhi regions and the town of 
Kostomuksha are referred to areas of Far North, and other territory - to districts, equated to Far North. 
Affinity of the Atlantic ocean and Arctic basin and alternate influence of air masses from these 
regions determine a climate above Karelia territory, which distinguishing feature is the large 
variability of meteorological elements within a day. 

 

The purpose of research 

The comparison of the quality of the Environment and the prevalence of bronchopulmonary pathology 
in the Republic of Karelia (RK). 

 

Materials and methods  

Complex analysis of quality of the environment in RK was carried out and it has shown, that basic 
pollutants in the atmosphere are sulfur dioxide 55,6 %, particulate matters (firm particles) (dust) - 
19,7 %; carbon oxide - 18,3 %; nitrogen oxides - 4,7 %. Technogenic pollution of the atmosphere, as 
a risk factor of respiratory diseases (RD) development, is intensified by climatic features of RK such 
as large variability of meteorological elements throughout the year and within a day (air temperature, 
atmospheric pressure, oxygen partial pressure) in combination with constantly high air humidity (80-
82 %) and negative temperatures prevalence within a year, often long fogs, strong winds, natural UV 
insufficiency in a solar spectrum. The results of ecological and hygienic research have shown that 30 
% of atmospheric pollutants is brought with the winds of prevailing western and southwest directions 
from the countries of Western Europe and Scandinavia.  

The combination of high humidity and subnormal air temperature creates favorable conditions for 
occurrence and distribution of catarrhal inflammatory processes with fast chronization of pathological 
process. First of all the respiratory system is affected which is a place of the greatest contact with the 
environment. While conducting epidemiological researches it was shown that the respiratory diseases 
are prevailing in the region. The share of Respiratory Diseases (RD) (acute virus infection, influenza, 
acute pneumonia, acute and chronic bronchitis, less bronchial asthma) among the adult and children's 
population of Karelia makes on the average 62 % of all diseases of the population of Karelia. RK 
stably holds the 3 place by respiratory morbidity among 89 subjects of Russian Federation. Primary 
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RD morbidity of the adult population of RK in 1998 has made 190,9, and in 2001 - already 267,3 per 
1000 people. The primary physical inability (disablement) due to RD also goes up. RD stably hold the 
4 place in the structure of mortality of the able -bodied population of the Republic within several last 
years. Chronic bronchitis (CB) is one the main nosological forms in the region, making 68 % in the 
structure of chronic obstructive pulmonary diseases (COPD) and being characterized by fast 
development of complications. Many researchers (V.V.Guzeev, 1988; V.V. Hudolei, I.V. Mizgirev, 
1996; N.N.Trizno, 1996) specify the direct connection between a degree of atmospheric pollution and 
growth of respiratory diseases. This statement proves to be true by the results received in industrially 
advanced regions of Karelia: Kondopoga, Segezha regions and the town of Kostomuksha. In these 
areas respiratory morbidity is the highest, and also the greatest volume of gas emissions in the 
atmosphere, first of all one of the basic pollutants - sulfur dioxide, is observed.  

Thus a high level of exogenous risk factors of respiratory diseases' development (sharp differences of 
air temperature, the prevalence of negative temperatures within a year, constantly high air humidity, 
anthropogenous pollution of an atmosphere, adverse social characteristics) is marked. It is meaningful 
to speak about a critical combination of the adverse factors of environment, including social factors. It 
causes the necessity of development the whole complex of preventive measures aimed at elimination 
of negative influences. 

 

Acknowledgement 

The research is financed by the grant of the President of Russian Federation, project ¹ 00-15-99361.   

 

 

 



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – H06 

Contaminants in local human diet items in Greenland 
 

Poul Johansen1, Derek Muir2, Gert Asmund1 and Maja Kirkegaard1 
 
1National Environmental Research Institute, Department of Arctic Environment, Frederiksborgvej 
399, DK-4000 Roskilde, Denmark 
2National Water Research Institute, Aquatic Ecosystem Protection Research Branch, Environment 
Canada, Burlington, ON LO7R 4A6 Canada 
 

Introduction and methods  

In general people in Greenland are more exposed to contaminants from their diet than people in 
Europe and North America. The reason is that marine traditional food items (fish, seabirds, seals and 
whales) are much more important in Greenland, and at the same time that some of these food items 
have high levels of contaminants, i.e. metals like mercury and cadmium and organochlorines like 
PCBs. Within the Arctic, Greenlanders have the highest concentrations of mercury and PCBs. Some 
knowledge of contaminant concentrations in the diet of Greenlanders was available, but a study to 
systematically survey the traditional diet was not initiated until 1999. This paper presents results and 
preliminary conclusions from the study. We have included the most commonly eaten tissues from 
marine and terrestrial animals.  

The methods and the results in the diet study are described Johansen et al. (in prep. a). The focus in 
the diet study has been on Southwest Greenland, which is the most densely populated part of 
Greenland. All metal and organochlorine levels are presented on a wet wt basis with arithmetic means 
and standard deviations shown. This has been chosen, because the arithmetic mean will represent the 
average human exposure to the contaminant in question from the diet (Johansen et al. 2000). For lead, 
cadmium and mercury we have compared the levels in local Greenland diet with Danish residue 
guidelines for heavy metals in food (Anon. 2002). These regulations are not in force in Greenland, but 
the limits may be used as a reference point in assessing the levels found in Greenland food items. We 
also discuss the human intake of the metals and compare these to the PTWI (Provisional Tolerable 
Weekly Intake) set by FAO/WHO (1972, 1989, 1993). 

 

Results and discussion 

Lead. Mean lead concentrations range from below 0.01 µg/g wet wt in marine fish meat to 0.337 µg/g 
in caribou liver. From the same species levels are higher in liver (and kidney) than in meat. However, 
all lead concentrations may be considered low and are lower than the Danish Residue guidelines for 
food. In a study in West Greenland, the mean human intake of lead from marine food is estimated to 
15 µg per person per week (Johansen et al. 2000), which is well below the PTWI. However, 
contamination from lead shot pellets hunting birds may increase lead intake considerably and likely 
above the PTWI (Johansen et al., in prep. b). 

Cadmium. The mean cadmium concentration range from below 0.01 µg/g wet wt in berries and meat 
from fish and terrestrial mammals to 70.4 µg/g in ringed seal kidney. In the same species levels are 
lowest in the meat, higher in the liver and highest in the kidney. Cadmium levels are generally higher 
in the marine than in the terrestrial environment. In terrestrial species high cadmium levels are only 
found in ptarmigan (liver) and hare (kidney). In meat levels are below the Danish residue guidelines 
(DRG), except for ptarmigan, narwhal, common eider, ringed seal, king eider and kittiwake with 
mean levels up to about 5 times the DRG. But in liver and kidney most levels exceed the DRG, up to 
about 70 times the DRG. In liver only terrestrial mammals, Atlantic cod, Arctic char, Atlantic salmon 
and Greenland cod have cadmium levels below the DRG, and in kidney this is only the case for sheep, 
caribou and musk-ox. In fat, blubber and muktuk cadmium levels are very low. The mean human 
intake of cadmium from marine food in West Greenland has been estimated to 1004 µg per person per 
week, which is about twice the PTWI (Johansen et al., 2000). Seal liver is the dominant source for 
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cadmium intake from local marine food in Greenland, but seal meat and seabird liver is also 
important.  

Mercury. The mean mercury concentration range from below 0.01 µg/g wet wt in meat from all 
terrestrial species except caribou to 18.1 µg/g in polar bear kidney. Except for fish, the mercury 
concentration is higher in liver than in meat of the same species, and levels are generally higher in the 
marine than in the terrestrial environment. Except for caribou liver, no mercury levels exceed the 
DRG in any tissue of the terrestrial species, whereas in marine species mercury levels exceed the 
DRG in most cases. The mercury concentration is only below the DRG in mussels, crustacea, fish 
meat and fish liver. In fat and blubber from mammals and in muktuk from minke whale mercury 
levels are below the DRG for meat, whereas levels in muktuk from toothed whales exceed this limit. 
The mean human mercury intake from marine food in West Greenland has been estimated to 846 µg 
per person per week, which is almost 3 times the PTWI (Johansen et al., 2000). Seal liver is the 
dominant source and seal meat is important for mercury intake from the local diet in Greenland.  

Selenium. The mean selenium concentration ranges from less than 0.3 µg/g wet wt in berries and 
meat from most terrestrial mammals to 16.9 µg/g in whale skin. In the same species the concentration 
is higher in the liver than in the meat. Selenium levels are higher in the marine than in the terrestrial 
environment, as is also seen for mercury. Selenium is an essential trace mineral and has 
experimentally been shown to reduce the toxic response in the nervous system associated with 
exposure to mercury (WHO 1990). It is notable that in all tissues of Greenland animal groups with 
high mercury levels (e.g. marine mammals and seabirds) selenium is present in substantial surplus to 
mercury on a molar basis, indicating an association between mercury and selenium (Dietz et al. 1996).  

Organochlorines (OCs). Among the suite of organochlorines analyzed, PCBs, DDTs, chlordanes and 
toxaphene are found in the highest concentrations. PCB levels range from 1 ng/g in sheep meat to 
3288 ng/g in narwhal blubber, DDT from 0.01 ng/g in hare meat to 1912 ng/g in narwhal blubber, 
chlordanes from 0.03 ng/g in sheep kidney to 1203 ng/g in beluga blubber and toxaphene from 0.04 
ng/g in hare meat to 219 ng/g in ringed seal blubber. Almost without exception, OC levels are lower 
in the terrestrial than in the marine environment. The highest OC concentrations are found in fat 
tissues of marine mammals, whereas fat of terrestrial mammals has low concentrations. Otherwise 
there are no systematic variations in OC concentrations in different tissues. In some mammal and bird 
species concentrations are highest in the liver, but in other species it is opposite.  At this stage data are 
too incomplete to calculate human intakes of OCs in Greenland. This has been done for the Baffin 
Island community of Broughton Island (Qikiqtarjuaq) by Kuhnlein et al (1995), who also has 
compared the intakes to Tolerable Daily Intakes (TDI) of OCs. They conclude that the mean intake 
value of DDTs is well below the TDI (a factor of about 100) and that the mean intake values of 
chlorbenzenes, HCH, dieldrin and PCB are within a factor of 10 of the TDI for these contaminants. 
However for chlordane and toxaphene, the mean intakes exceed the TDI by nearly ten-fold. 
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A questionnaire study focused on nutritional patterns in association with the blood POPs 
concentrations and possible health effects, was conducted in settlements of Nelmin-Nos and Indiga 
which are located in rural area of Pechora Basin. 347 adults from 65 Nenetz families were interviewed 
with the attendance rate of 68%. The traditional food consumed in Pechora Basin varies by local 
preferences and season. Reindeer and fish have been and remains a primary food staple throughout 
the rural area. Game meats are harvested throughout the region, including locally available ones (elk, 
brown bear, alpine hare, duck, goose and ptarmigan). Berries and edible plants are gathered and 
consumed when available. Marine mammals, sea cucumbers are not commonly harvested in Pechora 
Basin. Significant differences in diets between other Northern regions of Russia were found. The most 
important is that the less sources of meat and by-products of marine mammals are present in Pechora 
indigenous people diets. Different aspects of these dietary patterns and possible health effects are 
discussed. 

 

Background 

Pechora Basin is a part of the Nenetsk region of Russia, with populations of approximately 45000 /3/. 
Nenets Autonomous Okrug is subarctic territory and it is included in the AMAP area. Living 
conditions and exposure are different in the Pechora Basin from other Northern regions of Russia. The 
2001 summer expedition to Pechora Basin started as a part of the RAIPON/AMAP/GEF project 
“Persistent toxic substances (PTS), food security and the indigenous people of the Russian north” 
aiming at clarifying the pathways of PTS migration through food chains to northern aborigines and 
revealing potential hazard of the PTS accumulation in man. Four regions were involved in the project 
–Taimyr, Chukotka, Kola peninsula and Pechora Basin. Particular significance of Pechora Basin in 
the framework of the project is defined by the possibility of investigation of the population, which 
consume mainly venison, game meat and fish, in comparison with Chukotka northern natives, which 
feed upon marine mammals (whale, walrus, seal) /2/. As its  known, marine food items, in particular 
meat and organs of marine mammals, are consumed in the rural area in large quantities and are highly 
contaminated by environmental pollutants.  

 

Methods  

A questionnaire study focused on nutritional patterns in association with the blood POPs 
concentrations and possible health effects was conducted in settlements of Nelmin-Nos and Indiga, 
which are located in rural area of Pechora Basin. 347 adults from 65 Nenetz families were interviewed 
with the attendance rate of 68 %. Also, blood sampling and questionnaire among indigenous 
population were carried out in Chukotka (714 of 611 adult natives) and Taimyr (601 of 350 adult 
natives). Investigation covered all available adult inhabitants of the settlements. Others were absent 
due to objective reasons – outside herding, hunting and fishing, summer vacation, duty journey, 
hospitalization, imprisoning. Dietary investigation included some combination of frequency of food 
consumption and food preference. A key methodological issue was the precise estimation of portion 
size by respondents.  
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Results   

Dietary study data from across Northern regions of Russia indicate that country food is widely 
available and harvested by indigenous people. The amount available for human consumption ranges 
from 72 to 282 per capita kg/year. The diet of Aboriginal Northerners consists of a mix of country 
food and imported, store-bought food. The traditional food consumed in Pechora Basin varies by local 
preferences and season. Dietary investigation indicates that while many animals and plant species are 
used as country food, a few species typically account for the bulk of country food consumption. Game 
meats are harvested throughout the region, including locally available ones (elk, brown bear, alpine 
hare, duck, geese and ptarmigan). The fish was consumed by  96 - 99 % respondents. Venison and 
fish has been and remains a primary food staple throughout the rural area. For instance, 21.5% of the 
Nenets population living in the Pechora basin consume venison about 30 or more times a month, 
29.1% consume it 12 times a month, 23.9% eat it 3 times a month, and 25.5% - less than once a 
month. Males consume venison 1.4 times more (465.9 g/day on the average) than females ( on the 
average 342.6 g per day). According to our questionnaire data the Taimyr indigenous population 
consumes  significantly more venison than the Pechora one. 87.2% of the respondents consume 
venison more than 30 times a month, 10.4% use it 12 or more times, 2.3% - from 1 to 3 times a 
month. Taimyr males consume 2.2 times more meat than females, 914.6 and 423.9 g per day, 
respectively. Indigenous people living along the coastline of Chukotka sea and Bering sea consume 
significantly less venison than the Taimyr and Pechora people (2,4 % of the respondents from 
Chukotka, 98.6% and 95,1 % respectively). Berries and edible plants are gathered and consumed 
when available everywhere in the Northern regions of Russia. 

 

Discussion 

Significant differences in diets between Northern regions of Russia were found. Marine mammals, sea 
cucumbers are not commonly harvested in Pechora Basin and Taimyr. The most important is that less 
sources of meat and by-products of marine mammals are present in Pechora Basin indigenous people 
diets. Food is a significant vector for contaminant exposure in all populations. As a substantial 
proportion of the indigenous people diet consists of country food, indigenous populations have a 
higher risk of contaminant exposure than the non-indigenous populations in the North Russia /1/. The 
study of the traditional diet peculiarities of the Pechora Basin indigenous population compared to 
other northern Russian regions will allow to develop recommendations on safe nutrition in heavily 
polluted regions. Different aspects of these dietary patterns and possible health effects are discussed. 
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Introduction 

Environmental pollution puts risks on food security of Arctic residents. It introduces pollutants in the 
food chain that increase the contaminants body burden. It may lead to replacing food directly 
produced from the land through harvesting and herding by imported food; in turn, this causes diet 
imbalances associated with food-related pathologies such as cardiovascular diseases. 

However, the issue of sustainable food security in the Arctic is not only linked to pollution problems. 
A comprehensive approach allows to evaluate the importance of other factors at play in this 
problematic. 

The objective of the international research program Sustainable Development in the Arctic. 
Conditions for Food Security  was to present a comprehensive diagnosis on sustainable food security 
for different Arctic regions. This paper is one of the integrated results of such effort. 

 

Conceptual Framework 

Sustainable food security exists when all people, at all times, have physical and economic access to 
sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and 
healthy life; but it does exist when this situation is the result of a “development without growth 
beyond the environment’s capacity”.   

The processes at play are seen as the interrelations of systemic components. Various factors of the 
social system are the preconditions that shape supply mechanisms. For instance, demographic trends, 
economic situation, state of the technology, to name a few, make it possible to organize large-scale 
food processing industry as well as customary harvesting of wild resources. These food supply 
mechanisms of production and circulation, coupled with the above factors of the social system, 
determine all together availability, accessibility of food stuff for consumption purposes. Analytic 
evalutation of these interrelations allow to diagnose to what extent sustainable food security is 
achieved for each region of the Circumpolar Arctic. 

 

Method 

An international and multidisciplinary research team, with contribution from social scientists, health 
scientists and jurists have conceived and apply a comparative research program that led to data 
gathering and analysis. For the first half of a five years program, each disciplinary teams worked in all 
regions; then, regionally focused teams have been put together, analyzing the data in a transversal 
perspective, making it possible to come with regional integrated diagnosis. In each region, food 
supply networks were used as a central analytical tool.    

 

Results 

Alaska-In Northern Alaska, commercial food supply mechanisms are, by far, mainly based on the 
private sector, including in the field of fresh food supply transportation by airplane. In the commercial 
food sector, profitability is rather low, as incentives for investments are. Consequently, the material 
availability of foodstuffs is vulnerable to private decisions of numerous private actors.  
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Environmental pollution is less likely to affect costumary food production, circulation and 
consumption, when compare to the issue of climate warming. There are environmental risks affecting 
wild species, related to oil and mineral exploitation and, to a lesser extent, military installations. 
Nonetheless, the most important risk factor seems to be linked with climate changes, that would 
modified migratory routes, species populations, seasonal cycles and territorial access. Nevertheless, 
the principal debate in Alaska does concern the legal regime regulating access to resources for Inupiat 
customary activities. Complexity of regulations enacted from multiple jurisdictions, and equivalent 
access right to resources regardless of ethnic origins, are causes of social insecurity.  

Canada-In the Canadian Arctic, commercial food supply mechanisms rely on private initiatives for 
transportation and trade. Even though a government program subsidizes transportation for specific 
food items, a growing dependency can be observed regarding air cargo, making food security 
vulnerable to weaknesses of such a system. Economic inequities are obstacle to household food 
security, which is compensated for customary networks of self-help, and, to a very small scale, by few 
food banks.  

What is true for commercial food supply is also true for customary food supply. Customary activities 
are highly practiced in Arctic Canada, and pollution problems do not prevent wild food consumption. 
The variety of available species allows a choice and consequently a way to avoid contaminated 
species. The nearly absent commercialization of country food could limit the access of such resources 
for certain individuals, specially those without resources to afford harvesting activities, disable 
persons and the like. Existing programs that subsidized harvesting for free distribution purposes are an 
important factor compensating the absence of wild food commercialization. 

Greenland-Greenland is characterized by an relatively efficient transport system and local food 
industry, together with a substantial commercialization of country food. These factors create a 
situation where food security is fairly protected compared to other Arctic regions. Economic 
inequities between households, towns and settlements, and between regions are visible, and represent 
the main threat. Recent changes in the Home Rule economic policy aiming towards privatization are 
jeopardizing these secured food supply mechanisms. Questionning the role of the state in 
transportation and trade industries may lead to prices increases and disparities which could raise 
barriers for economic access to foodstuff. 

Euro-Arctic Barents-In the Euro-Arctic Barents, competition between customary activities, specially 
reindeer herding, and massive industrial developments, such as oil and gas, forestry, mining and 
smelters operations, treathen sustainable food security. In the Russian part of the region particularly, 
these operations produce massive air and soil pollution, and soil disturbances that destroys grazing 
areas. Thus, competition for land uses fragilizes customary food production activities; moreover, these 
difficulties may treathen monetary incomes resulting from customary activities, and consequently, 
access to commercial foodstuff.  

The Russian part of the Euro-Arctic Barents is experiencing a long lasting economic turmoil that 
created a major food crisis. Remote regions are hardly supplied with manufactured food. In urban 
centers, access to food production is largely restricted by inequities in incomes distribution. Decreases 
of wages for the majority, and increases of prices, have created a situation where the average income 
is on the edge of poverty line, if not below. In such a context, gardening for vegetables and 
harversting of wild berries and mushrooms are customary practices that are still vivid.  

 

Conclusion 

All over the Arctic, environmental pollution is restricting the achievement of a sustainable food 
security. The nature of pollution, and the degree by which it affects the situation, differ from one 
region to the other. In region where wealth distribution secures the economic access to food 
production for the average household, and where supply mechanisms are well established, even based 
on free market, there are means to avoiding contaminated food intakes from customary uses of wild 
resources. But in regions witnessing economic inequities and instability, and supply problems, 
pollution is an aggravating factor that make it impossible to achieve food security.     
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In North American Arctic, food security is relatively well guarantied. Phenomenon that prevent to 
conclude that there is no risk at all are related with material availability and economic accessibility to 
resources and food consumption balance. The exception can be found in the Russian part of the Euro-
Arctic Barents region, where the economic and environmental situation produce a relative food 
insecurity. 

A circumpolar examination lead to the conclusion that everywhere, sustainable food security is a 
fairly distant objective. The large part of food supply is produced by industrial unsustainable practices 
in southern regions, which in turn contribute to the pollution legacy that reaches the Arctic. 
Importation itself generates few benefits for local communities, and to some extend, may contribute to 
prevent production, distribution and consumption of local food stuff harvested from the land. 
Unresolved land use competition, and uses of land for massive exogenous industrial exploitation are 
additional factors impediment to sustainable food security. Health problems resulting from food 
intake imbalances, and  from increased consumption of industrial food, are trends that clearly lead to 
unsustainability.    

 

Acknowledgments 

This research program, Sustainable Development in the Arctic. Conditions for Food Security, has 
been funded by the Social Sciences and Humanities Research Council of Canada, through its Major 
Collaborative Research Initiative Program.  

 

References 

Asenso-Okyere, W.-K., G. Benneh and T. Wouter (1997). Sustainable food security in West Africa, Dordrecht, 
Boston and London, Kluwer Academic, 307 pages. 

Duhaime, Gérard (dir.), [in press]. Sustainable Food Security in the Arctic, Edmonton, Canadian Circumpolar 
Institute Press. University of Alberta. 

Food and Agriculture Organization of the United Nations (FAOb) (1998). Report on progress in the 
implementation of the world food summit plan of action, twenty forth session, URL address: 
http://193.43.36.7/UNFAO/Bodies/cfs/cfs24/ W8456e.htm. 

Gürkan, Ali Aslan (1995). “Determining the Structure of Food insecurity at the Global Level: A Cross Country 
Framework for Analysing Policy Issues for the Agro-Food Sector” in Économies et Sociétés, “ La sécurité 
alimentaire à court et à long terme ”, Paris, Collection “ Développement agro-alimentaire ”, vol. 29, no. 22, 
3-4, pp. 51-65. 

Maxwell, Daniel-G. (1996). “Measuring Food insecurity : The Frequency and Severity of Coping Strategies” in 
Food-Policy, vol. 21, no. 3, pp. 291-303. 

Maxwell, Simon (1996). “Food Security a Post-Modern perspective” in Food-Policy, vol. 21, no. 2, pp. 155-
170. 

World Food Summit (WFS) (1996a). Rome Declaration and Plan of Action, World Food Summit, Rome, 
November 13-17 1996, URL address: http://www.fao.org/ wfs/final/rd-e.html. 

World Food Summit (WFS) (1996b). Food Security for the World, Food and Agriculture Organization of the 
United Nations, Rome, November 13-17 1996, URL address: 
http://www.worldbank.org/html/extdr/specials/foodsec.html. 

 



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – H10 

Change in human plasma levels of persistent organic pollutants after 
consumption of Mølje (cod, cod liver, cod liver oil and hard roe) – a 

traditional Northern Norwegian fish dish 
 

Torkjel Sandanger1,2, Magritt Brustad2, Eiliv Lund2, Ivan C. Burkow1 and Jon Øyvind Odland2 
 
1Norwegian Institute for Air Research (NILU), The Polar Environmental Centre, Hjalmar Johansens 
gt. 14, 9296 Tromsø, Norway 
2Institute for Community Medicine, University of Tromsø, N-9037 Tromsø 
 

Introduction 

Plasma is the most common medium to determine levels of persistent organic pollutants (POPs) in 
humans and the levels found here are considered to reflect the body burden of POPs (Patterson et al., 
1988). A plasma sample is easy to obtain and the analyses is rapid. There are however problems with 
the variations of lipids in plasma following a meal, and whether this affects the levels of POPs in 
plasma significantly. Haddad et al. (2000) claim that the adipose tissue: blood-partitioning coefficient 
is equal to the ratio of lipids in adipose tissue and blood.  Phillips et al. (1989) have shown that there 
are no significant differences in levels of POPs between fasting and non-fasting samples when the 
levels are adjusted to the amount of lipids in plasma. However, in a study by Kuwabara et al. (1979) it 
was found that digestion of PCB contaminated fish gave a significant increase after 5 hours in the 
levels of PCBs that was not related to a similar increase in the amount of lipids. The lipids in plasma 
are quantified either by gravimetric determination of the extractable organic material or by a 
summation of the different enzymatically determined lipid classes (Phillips et al., 1989). Several 
studies are recommending the enzymatic summation method rather than the gravimetric method 
(Akins et al., 1989, Cheek and Wease, 1969, Grimvall et al., 1997).  

The aim of this study was to determine how much the lipid rich meal of “mølje” with a considerable 
amount of POPs affects the levels of these compounds in plasma and if the relative congener pattern 
in the food determines the observed changes. Further, any difference in levels of POPs between 
fasting and non-fasting samples was studied both on wet weight (ww.) and lipid weight (lw.) basis. 

 

Materials and Methods  

Study design 

The 33 participants from the city Tromsø were served a traditional North Norwegian fish dish 
consisting of boiled cod with liver, hard roe, fresh cod liver oil, and potatoes. The liver was boiled in 
small amounts of water and the oil from the boiled liver was served as fresh cod liver oil. Participants 
could eat as much as he or she wanted and the amount of liver and cod liver oil eaten by each 
participant was weighed and registered (Table 1).   

The meal was served between 6 and 7 p.m. on day 1. Blood samples were collected just before the 
meal, after 4 hours, 12 hours, and 5 days. The ‘12 hours’ and ‘5 days’ samples were taken in the 
morning before breakfast.   

Participants were asked to maintain their ordinary diet during the study period, except not to have any 
meals between lunch and the cod dish served on day 1. Body weight was measured on day 5.  

Analytical procedures 

The plasma samples were extracted according to method published by Furberg et al., 2002.  

The sample was further cleaned using a tandem florisil column manually packed with 1.5 g of 0.5 % 
deactivated florisil with 2 g of sodium sulphate on top. Hexane: dichloromethane (3:1) was used as 
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eluent. Gas chromatography (GC) was performed according to method and conditions published by 
Furberg et al., (2002). C-13 marked p,p’-DDE was included as internal standard. 

Lipids in plasma were determined using the following formula; TL = 2.27 x TC + TG + 62.6 mg/dl 
(TC – total cholesterol, TG – Triacylglycerols) (Needham et al., 1990). For the best statistical 
treatment only compounds with levels above the detection limit was included. Thus only 11 PCB 
congeners (table 2) and p,p’-DDE were included in this study. 

The cod liver and cod liver oil was analysed with a slight modification of the method published by 
Kallenborn et al. 2001.  

  

Results and Discussion 

The amount of cod liver and cod liver oil eaten by the participants is shown in table 1, together with 
the amounts of PCBs (sum of 11 congeners) and p,p’-DDE consumed.  

 

Table 1:  Measured intake of cod liver, cod liver oil, p,p’-DDE and sum PCB 

 Cod liver Liver oil p,p'-DDE sum PCB 
 (g) (g) ìg ìg 

Average 116 22 6,3 23,9 
Median 107 5,5 5,2 20,8 

Min. - Max. 43 - 281 0 - 152 1,6 - 24 6,3 - 89 
 
 
Table 2: Average difference in levels of the different compounds between sampling hours 

 0-4 hrs.  
% change  

4-12 hrs.  
% change  

12 hrs. - 5 d.  
% change  

0-12 hrs.  
% change  

0 hrs. – 5 days 
% change 

 ww lw ww lw ww lw ww lw ww lw 
p.p'-DDE 35**  20** -40** -27** -12 -16** -20** -13** -32** -30** 
PCB 99 -2  -13** -21** -4 2  -3  -25** -18** -25** -22** 
PCB 101 -20 ** -28** -27** -10** -32** -36** -46** -41** -68** -67** 
PCB 118 -8  -18** -18** 1  0  -5  -28** -22** -29** -26** 
PCB 138/163 10  -2  -17** 1  -4  -10** -10  -2  -16** -13** 
PCB 149 -11 -19** -21** -2 ** -43** -47** -43** -37** -67** -66** 
PCB 153 8  -4  -18** 0  0  -6  -12** -5  -15** -12** 
PCB 156 -1  -11 -16** 2  12  5  -16** -9  -17** -14 
PCB 170 -3  -13** -10 9  5  -2  -13** -6  -13 -10 
PCB 180 -6  -16** -10 9  -3  -9  -15** -9** -21** -18** 
PCB 183 2  -12** -10 9  1  -5  -7  -5  -12 -12 
PCB 187 1  -8** -11 6  4  -3  -10  -3  -17** -14** 
SumPCB 2  -9** -16** 2  -1  -7  -15** -8** -18** -16** 

**p≤0.01,  ww- wet weight, lw – lipid weight 
 

The average differences in levels of PCBs and p,p’-DDE in plasma together with the respective p-
values are listed in table 2. The DDE levels increase significantly from 0 to the 4-hour sample, both 
on a ww. and lw. basis. From 4 hours to 12 hours the average p,p’-DDE ww. levels drop by 41 %. For 
the lw. level the corresponding drop is 29 %. The plasma lipids dropped by an average of 18  %. 
These are all significant changes (p<0.01). The drop from 0 to 12 hours is also significant for both 
ww. and lw. levels of p,p’-DDE.  

For the PCB congeners the picture is more complex with smaller changes and some congeners having 
levels increasing and some dropping following the meal. These changes are also shown in table 2. 
From 0 to 4 hour the sum PCB lw. levels have a significant drop of 9 % whereas the ww. levels are 
unchanged. From 4 to 12 hours there is a significant drop in the ww. levels by 16 %. From 0 to 12 
hours the differences observed for both ww. and lw. levels are significant. This clearly indicates that 
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there are significant differences in levels of POPs between samples taken from fasting and non-fasting 
individuals even when the levels are related to the amount of lipids in plasma.  

The levels of the three major PCB congeners in plasma; PCB153, 180 and 138 develop differently 
during the time period studied. The lw. levels of PCB 180 drop significantly by 16 % from 0 to 4 
hours and by 9 % from 0 to 12 hours. The corresponding changes for PCB 138 and 153 are not 
significant. Compared to the level of PCB 138 and 153 the level of PCB 180 was considerable lower 
in the cod liver and cod liver oil. Thus implying that the changes observed in plasma levels depends 
on the relative congener pattern in the food. 

No significant relationship was found between individual intake and corresponding changes in lipid 
levels and levels of the measured compounds. Inclusion of body mass index, gender and age in a 
statistical model did not strengthen the statistical relationship between intake and change in levels. 

In future studies plasma samples should be obtained from fasting individuals for better comparison of 
data. Ideally both wet weight and lipid weight data should be reported. 
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**Manager of the Union, Elizovo, Kamchatka and Novosoft Company, Novosibirsk, Russia 
 

In the introduction to this paper we will give the short history of Kamchatka, which is considered to 
be one of the less polluted regions of the Earth. It is really one of the less inhabited areas with one 
person per more than one square kilometer of the total Kamchatka land and 30% of officially 
protected areas. 

In the main part we will first show the extreme level of organics pollution in the main cities of 
Kamchatka, Petropavlovsk (250 000) and Elizovo(less then 60 000). 

Besides, there are data not only on POPs but radioactive and heavy metals pollution. It is not 
surprising because the Avachinskaya Bay in Petropavlovsk-Kamchatsky has been a base for the 
atomic submarines for a long time and the process of its disintegration is still taking place. 

Elizovo is the centre of an agricultural region, having the total population of approximately 60 
thousand, which is very low to compare it with European cities. Being the agricultural region means 
having the great areas of cultivated land under the sovkhozes (big Soviet farms), damaging greatly the 
spawning areas of the main salmon rivers Paratunka and Avacha. The water levels of these rivers 
become less as well as salmon approach. The level of pollution becomes higher. 

Both Elizovo and Petropavlovsk have no clearing centres (purifiers) and all the organic pollution 
flows directly first into the river Avacha and then into the Bay, which became a real danger for the 
health of fish and people populations. 

Heavy Metal problem exists too because no processing of car batteries and industrial waste being 
done.  

The usage of hot thermal water for the human purposes or, more exactly, drain waters’ flow from the 
swimming pools directly to the river Paratunka (Avacha valley) leads: 

• to the pollution of spawning rivers with heavy metals and their salts, 
• to the growth of underwater algae, reducing the area of spawning rivers and spending the quality 

of dissolved oxygen in water, 
• pollution with active substances in the process of washing numerous swimming pools with 

detergents and chlorine containing substances) which kills alive organisms during its active 
influence (24-48 hours). 

Mechanical admixtures directly in the spawning areas (Nikolayevskoye) led to the reduction of 
spawning areas and posteritie s of salmon. 

The populations of water fowl reduces, because the surface of the water bodies became less (because 
of growing by the grass), the bears attack cattle and people more often because their areas are 
captured by men for the purposes of vegetable gardens, cattle farms, cottages, fields. 

The building of roads and bridges over the rivers, change of river beds increase negatively the sphere 
of men’s influence to the nature. 

Hundreds of springs feeding the onflows of spawning rivers (Avacha, Paratunka) are destroyed by 
ploughing up and melioration. 

Ploughing of berries bushes over the waste areas disturbed the protective vegetative cover and while 
strong winds are blowing hundreds of tons of fertile soil are rising up over the Avacha valley and 
pollute the atmosphere. 
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At the same time, the areas of traditional land use of aboriginals, escaping all these impacts become 
less. 

All these things in complex make a great damage to the animal populations, especially those of fish 
and subsequently the health and even life of indigenous people of Kamchatka, especially Itelmens 
which are the most ancient people and live now mostly in the south of Kamchatka. 

Regarding all these circumstances the Union of Itelmen Families and other aboriginal organizations of 
Kamchatka decided to address research institutions in the Academic City, Novosibirsk for estimation 
of the  POPs, Heavy Metals and radioactivity levels. Besides, the “Novosoft” Company located in the 
Institute of Mathematics of the same Academic City was asked to collect all the necessary information 
globally and create programs finding the shortest and cheapest ways of cleaning and other means of 
nature protection according to the best world standards. 
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Introduction 

This poster presentation summarizes additional data from our oral presentation to provide a fuller 
comparison of maternal blood contaminant concentrations from circumpolar countries.  Full citations of 
all data can be found in the Arctic Monitoring and Assessment Program (AMAP) Assessment Report 
(2002) . 

 

Results and Discussion 

Persistent Organic Pollutants (POPs) 

Examination of environmental contaminants in maternal samples from the Arctic regions of eight 
circumpolar countries has confirmed that the blood levels of certain POPs are generally higher in the 
samples of Arctic Peoples who consume marine mammals such as the Inuit of Greenland and of Arctic 
Canada.  In comparing Inuit populations of Greenland and Canada higher levels of DDE tend to be found 
in mothers from Greenland (1.7 to 6.9 microg/L), than in the Canadian Inuit mothers (0.69 to 2.2 
microg/L).  While the levels are lower, a similar pattern can be found for DDT.  As summarized by Table 
1, the levels of p,p’-DDT (0.83 microg/L) and p,p’-DDE (4.5 microg/L) are significantly higher in the 
Arkhangelsk region (non-Indigenous) than in any other Russian regions studied.  DDE and DDT levels are 
also higher in non-Indigenous populations than in Indigenous populations in Russia. Blood samples from 
Arkhangelsk women were also found to have the highest levels of HCB (0.47 microg/L). 

For Greenland Inuit, levels of trans-nonachlor (0.40 to 2.2 microg/L) are higher than those in maternal 
samples from Canada (0.28-0.64 microg/L) and other Circumpolar countries.   The levels of trans-
nonachlor are similar in Siberian Russia non-Indigenous regions when compared to Indigenous regions.  

As presented by Figures 1 and 2 , Greenland and parts of Canada have higher maternal blood 
concentrations of HCB and toxaphene compared to other circumpolar countries.  In Greenland, the 
concentrations of toxaphene measured as Parlars 26 and 50 are at least two-fold higher in mothers from 
the East coast community of Tassiilaq (Parlar 26 = 56 microg/L and Parlar 50 = 0.67 microg/L) than in all 
other populations sampled.  Based on the available data, the highest mean HCB concentrations are in 
mothers from Ittoqqortoormiit, Greenland (0.78 microg/L). 

Metals 

Data on maternal blood concentrations of mercury can be found in the extended abstract from our oral 
presentation and in the Human Health Chapter of the AMAP Assessment Report (2002) . 

Lead levels are moderately increased among some of the Inuit mothers (30 to 50 microg/L) from Canada 
and Greenland compared to other Arctic regions.  Cadmium is also elevated in the Metis/Dene and Inuit 
mothers from Arctic Canada and in Inuit mothers from Greenland.   
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Table 1 Mean Concentrations of Organochlorines in Maternal Blood from Russia, by Region and Indigenous 
Status (Geometric mean (range), microg/L plasma) 

Siberian Russia1  

Non-Indigenous Regions Indigenous Regions Non-Indigenous 

Organochlorine 
Contaminant 

 
Norilsk1a 
1995-96 
(n = 49) 

 
Salekhard1b 

1996-98 
(n = 31) 

 
Dudinka1a 
1995-96 
(n = 27) 

 
Taymir1a 
1995-96 
(n = 18) 

 
Yamal1b 
1996-98 
(n = 12) 

 
Arkhangelsk2 

1999 
(n = 30) 

Trans-nonachlor 
0.10 

(0.05 - 0.25) 
0.12 

(0.07 - 0.24) 
0.15 

(0.07 - 0.34) 
0.09 

(0.04 - 0.15) 
0.10 

(0.04 - 0.23) 
0.123 

(nd - 0.66) 

p,p’-DDT 

 
0.21 

(0.08 - 0.57) 

 
0.16 

(0.03 - 0.75) 

 
0.14 

(0.05 - 0.33) 

 
0.07 

(0.04 - 0.13) 

 
0.05 

(0.03 - 0.08) 

 
0.834 

(0.28 - 5.1) 

p,p’-DDE 

 
1.8 

(0.62 - 4.0) 

 
1.5 

(0.35 - 4.4) 

 
1.3 

(0.45 - 3.6) 

 
1.1 

(0.39 - 2.0) 

 
0.72 

(0.32 - 1.4) 

 
4.55 

(1.7 - 13.1) 

DDE:DDT 

 
8.0 

(5.1 - 14) 

 
8.8 

(5.4 - 14) 

 
9.3 

(5.9 - 13) 

 
15 

(7.8 - 21) 

 
14 

(6.4 - 21) 

 
5.5 
(--) 

HCB 
0.21 

(0.05 - 0.52) 
0.26 

(0.15 - 0.59) 
0.30 

(0.06 - 0.09) 
0.20 

(0.02 - 0.71) 
0.18 

(0.05 - 0.42) 
0.473 

(0.18 - 1.4) 

Source: 1aKlopov et al 1998; 1bKlopov 2000, Klopov & Shepovalnikov 2000, Klopov & Tchachchine 2001; 
2Odland 2000, 3N = 24, 4N = 16, 5N = 26 
 

Conclusions  

The increased levels of p,p’-DDT and p,p’-DDE, transnonachlor and HCB in non-Indigenous regions of 
Siberia suggest that organochlorine pesticides are being used in the local environment or commercial 
Russian food supply. 

Maternal HCB and toxaphene samples from Greenland are higher than those from Canada and other 
circumpolar countries, which likely reflects a higher consumption of marine mammals. 

The increased lead levels found in Inuit mothers from Canada and Greenland is likely related to the use of 
lead shot in hunting of traditional foods.  While the increase in cadmium found in mothers from Canada 
and Greenland could be related to increased cigarette smoking among Indigenous peoples and to the 
consumption of marine mammals.  
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Figure 1. AMAP circumpolar blood monitoring programme: HCB in maternal blood 

 

Figure 2. AMAP circumpolar blood monitoring programme: Toxaphene in maternal blood 
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PCDD/PCDFs Monitoring in Environmental Objects and Biological 
Samples from the Region of North Urals – the Republic of Komi, Russia 

 

Zarema K. Amirova, Ph. D., D. of Science, Edward A. Kruglov, Ph.D. 
 
Environmental Research&Protection Centre, October Ave., 147, 450075, Ufa, Russia 
 

Introduction 

The Republic of Komi (with the city of Syktyvkar as the capital) is situated in the North - East of the 
European part of Russia. There is wood industry, sawmill industry, woodworking industry and 
materials of construction industry. Near Syktyvkar (Ezhva) there is a large woodworking complex 
(SWC), city Ukhta is a centre of oil refinering.  In the control area and in the area under examination 
pool samples of whole blood and breast milk were taken from permanent inhabitants. In the more 
hazardous area (Ezhva, Syktyvkar, Ukhta) river water, waste water, soil, bottom sediments were 
sampled. Samples of freshwater fish caught in the river section where waste water of SWC are mixed 
with the river water were also taken. 

  

Method and objects 

The content of toxic PCDD/Fs isomers was determined by the methods of USEPA 1613. Sample 
preparation included extraction by  solvents and subsequent purification on the columns filled with 
Al2O3, on a multilayer silica gel column and graphitized black carbon (Carbopack/Celite). The 
measurement system consisted of a chromatograph Carlo Erba 8035 with a column DB-5, 60m, and 
high resolution mass spectrometer Autospec-Ultima (10000-12000). 

 

Human exposure  

The sample of breast milk of Syktyvkar women presented a pool sample of 10 women with no 
occupational exposure (table 1). All requirements of the WHO for sampling were observed. The 
second sample was collected from 6 women working at SWC. The level of 44.7 pg/g of lipids of 
blood for the SWC workers indicates to the presence of dioxin contamination sources, particularly 
with high share of penta-furans. 

  

Environmental levels 

In water samples taken from the river Vychegda only dioxins Cl7-Cl8 are registered (table 2). Rather a 
high content of furans Cl5-Cl7 in the samples after mixing with waste water are defined. This group of 
compounds provides 72% of the sample toxicity. Waste water sampled from the purified waste water 
contained 88.5 mg/l of suspended solid particles on which 90% of TEQ was determined. The main 
isomers in the sample were TCDD, TCDF, PnCDF (in the ratio of 1:1.5:0.2).  

Subsequent additional purification (ponds, aerators) reduces PCDD/Fs content to 72.1 pg/l, mainly 
due to reducing the content of solid particles. 

Bottom sediments were sampled in the river 5 km downstream the SWC at 3 points spaced by 150 m 
along the water-way from the depth of 3.9-5.6 m. The samples consisted of humid sand and PCDD/Fs 
content was extremely low – 0.31 ngTEQ/kg of dry weight. Probably the river sandbed in the place of 
sampling did not allow to register the consequences of waste water discharge.The soil samples in 
Syktyvkar and in the whole industrial area contain less than 1.5 ng/kg of dry weight. This low for an 
industrial area concentration of PCDD/Fs testifies to the absence of air pollution sources. 
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Table 1. Human exposure. 
Human blood, pg/g lipids  Breast-milk, pg/g lipids   

PCDD/PCDF SWC 
workers 

n=20 

Control 
n=20 

Oil refinery 
workers, n=24 

Control,  
n=28 

SWC 
workers 

n=6 

Syktyvkar, 
n=10 

2378-TCDD 10.78 13.7 8 2.74 14.89 6.77 
12378-PnCDD 8.96 ND(5) ND(2) 3.99 9.43 2.89 
123478-HxCDD 7.0 ND(5) 3.13 2.02 2.49 7.21 
123678-HxCDD 9.0 ND(5) 10.77 8.04 3.83 3.63 
123789-HxCDD 5.68 5.4 3.95 1.91 1.57 2.37 
1234678-HpCDD 26.02 12.8 18.62 8.32 4.7 10.26 
OCDD 161.2 72.0 116.2 127.35 24.51 58.56 
2378-TCDF 6.0 7.4 15.39 4.92 2.31 1.30 
12378-PnCDF 18.40 5.7 6.07 3.56 1.72 1.57 
23478-PnCDF 21.31 13.4 17.6 8.21 1.01 10.05 
123478-HxCDF 48.54 ND(7) 10.62 8.78 4.37 7.21 
123678-HxCDF 14.90 ND(5) 7.01 3.58 2.23 3.60 
123789-HxCDF 21.68 ND(1) 2.08 2.35 0.56 1.25 
234678-HxCDF 13.94 ND(4) 4.86 1.64 1.0 1.68 
1234678-HpCDF 27.33 10.6 19.13 7.28 2.45 4.06 
1234789-HpCDF 15.5 3.3 2.78 3.45 0.37 0.74 
OCDF 21.49 13.2 32.47 5.2 0.13 2.59 
TEQ, PCDDs 22.2 20.4 11.98 8.0 25.16 11.09 
TEQ, PCDFs 22.5 9.6 13.32 6.5 1.67 6.66 
WHO-TEQ, 
PCDD/Fs  

44.7 30.0 25.30 14.5 26.83 17.75 

 

 
Table  2.  Environmental levels. 

River water at the site of 
sewage discharge, pg/l 

PCDD/Fs  

up to after 

SWC sewage 
water, pg/l 

Ground 
sediments, 

ng/kg 

City 
soil, 

ng/kg 

Industrial 
Region soil, 

ng/kg 
2378-TCDD ND(0.6) 3.56 313.2 ND(0.08) 0.19 0.15 
12378-PnCDD ND(0.6) 4.8 5.28 ND(0.07) ND(0.6) ND(0.1) 
123478-HxCDD ND(0.3) 2.8 1.5 ND(0.1) 0.18 ND(0.03) 
123678-HxCDD ND(1.0) 16.37 3.89 ND(0.1) 0.08 0.17 
123789-HxCDD ND(0.6) 3.14 1.5 ND(0.1) 0.09 0.13 
1234678-HpCDD 2.25 2.51 12.16 0.19 1.24 0.98 
OCDD 12.5 10.9 92.36 1.11 7.15 5.72 
2378-TCDF ND(0.7) 10.17 415.54 ND(0.07) 0.5 0.26 
12378-PnCDF 2.43 9.49 19.56 0.14 0.29 0.13 
23478-PnCDF 3.32 1.92 15.9 0.10 0.29 0.34 
123478-HxCDF 6.75 18.31 29.94 0.34 0.69 0.38 
123678-HxCDF 1.12 2.86 8.26 0.17 0.28 0.2 
123789-HxCDF 1.59 3.45 9.50 ND(0.08) 0.25 0.17 
234678-HxCDF 0.89 1.81 8.40 ND(0.05) 0.24 0.18 
1234678-HpCDF 3.08 ND(2) 14.86 0.42 1.17 0.78 
1234789-HpCDF 1.33 ND(2) 6.64 ND(0.08) 0.22 0.17 
OCDF 1.50 3.43 18.66 0.36 2.14 1.72 
TEQ, PCDDs 1.41 10.62 319.3 0.18 0.84 0.29 
TEQ, PCDFs 2.89 5.13 56.3 0.13 0.63 0.31 
TEQ, PCDD/Fs  4.30 15.73 375.6 0.31 1.47 0.60 
 



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – H13 

Table 3. PCDD/Fs in food (pg/g lipids) and drinking water (pg/l). 
Butter Drinking water PCDD/Fs  

<5 rm from 
SWC 

50 km from 
SWC 

FIsh 
Eshva Background 

2378-TCDD 0.07 0.13 127.4 ND(0.01) ND(0.002) 
12378-PnCDD 0.14 0.30 7.3 0.16 ND(0.002) 
123478-HxCDD 0.02 0.07 6.19 ND(0.07) 0.048 
123678-HxCDD 0.05 0.15 17.23 0.29 0.15 
123789-HxCDD 0.03 0.06 3.06 0.23 0.11 
1234678-HpCDD 0.79 1.11 6.48 1.16 1.09 
OCDD 2.58 2.73 33.2 4.19 2.59 
2378-TCDF 0.20 0.26 73.45 0.13 0.13 
12378-PnCDF 0.02 0.13 47.3 0.22 ND(0.002) 
23478-PnCDF 0.21 0.18 52.3 0.38 0.05 
123478-HxCDF 0.09 0.16 15 0.44 0.27 
123678-HxCDF 0.04 0.10 4.61 0.12 0.08 
123789-HxCDF 0.09 0.07 7.32 0.16 0.15 
234678-HxCDF 0.03 0.09 3.75 ND(0.14) 0.04 
1234678-HpCDF 0.02 0.01 19.26 0.5 0.33 
1234789-HpCDF 0.28 0.10 1.52 0.33 0.0.20 
OCDF 0.18 0.09 27.61 ND(0.04) 0.1 
TEQ, PCDDs 0.18 0.44 137.42 0.2 0.05 
TEQ, PCDFs 0.20 0.2 39.14 0.3 0.1 
TEQ, PCDD/Fs  0.38 0.64 176.56 0.5 0.15 
 

Food samples 

A mean sample of freshwater fish contained 176.6 pg/g of lipids. This level is by 2 times above the 
norm for Russia (88.0 pg/g of fat for the eadable part of fish) and this confirms a probable 
contamination source – the water system of Syktyvkar (Vychegda rever). 

Thus in the Republic of Komi the fact of PCDD/Fs contamination both of the environment and of 
human being was stated. Industrial waste waters of SWC discharged into the river serve as a 
contamination source(Amirova, 1999). 
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Introduction 

Ever since the first determination of DDTs in human milk (Laug et al., 1951), analyses of 
human milk from mothers worldwide have shown global distribution of persistent organic 
pollutants (POPs) (Slorach and Vaz, 1983). In many countries human milk monitoring 
programs have been used for investigating the human exposure to these chemicals. Within 
circumpolar studies several populations living in Arctic and sub-Arctic areas were determined 
as being highly exposed to POPs due to their local dietary habits (AMAP 1997). High levels 
of organochlorine contaminants (OCs) were detected in human milk from Murmansk, 
northern Russia (Polder et al., 1998). As a result of restrictions on production and/or 
distribution of these chemicals, a decline in the human body burden of POPs has been 
observed in many countries during the last decades (Smith, 1999, Norén and Meironyté, 
2002). Little is known about similar trends in the Russian population. The aim of the present 
study was to elucidate temporal trends of POPs in human milk from Mumansk, Russia.  

 

Materials and methods  

Sampling and collection: In 1993 and 2000, 15 and 13 human milk samples were collected 
within 5 days after delivery from mothers giving birth at the Second Hospital of Murmansk. 
Details of the mothers health, parity, age, weight, occupation, and dietary habits were 
obtained. Both mothers with their first and second child were participating in this study. The 
mean age of the mothers was 25.1 in 1993 and 23.1 in 2002. 

PCBs and OCs: Sample extraction, clean-up, and GC analysis: The extraction, lipid clean-up 
and GC-ECD analyses were done according to methods described earlier (Polder et al. 2002). 
PCBs 29, 112 and 207 were used as internal standards. The milk fat content was determined 
gravimetrically. Separation on the GC was performed on dual 60 m SPB-5 and SPB-1701 
capillary columns (Supelco, Inc., Bellafonte, Pa).  

The laboratory was accredited on April 11, 1996, by the Norwegian Accreditation as a testing 
laboratory according to the requirements of NS.EN 45001 (1989) and ISO/EC Guide 25 
(1990). 

 

Results and discussion 

The concentrations of HCB (hexachlorobenzene), sum HCHs (hexachlorocyclohexane 
isomers α-, β-, γ-HCH), sum chlordanes (oxychlordane, cis-chlordane and transnonachlor), 
sum DDTs ((1,1,1-trichloro-2,2-bis(4-chlorophenyl) ethane (p,p’-DDT) with its main 
metabolites)), and the sum of 16 polychlorinated biphenyls (PCBs) IUPAC nos.: 28, 52, 74, 
99, 101, 105, 118, 128, 138, 153, 156, 157, 170, 180, 187 and 194 in human milk from 
Murmansk from 1993 and 2002, are shown in table 1. The average reductions of 
concentrations of these POPs are also shown in table 1.  
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Table 1. Concentrations (µg/kg milk fat) of POPs and TEQs in human milk from Murmansk, 
measured in 1993 and 2000, and percentage of reduction. 

Murmansk 1993 2000 
% reduction of POPs and TEQs 

1993-2000 
N 15 13  
fat % 2.77 2.67  
    
HCB 129 65 50 
Sum HCHs 858 223 74 
Sum chlordanes 59 23 62 
Sum DDTs 1484 928 37 
Sum PCBs 476 348 27 
Sum TEQs* 17.6 12.6 29 
*Sum TEQs (pg/g lipid) is the sum of mono-ortho PCBs, IUPAC nos.: 105, 118, 156 and 157 
 

In Norway (Tromsø), POP levels were reduced by 46%, 70%, 47%, 26%, 33% and 28% 
between 1993 and 2002 p(Becher et al., 1995, Becher et al., 2002). In this study the reduction 
of sum-HCHs (74%) was mainly caused by the decrease of β-HCH (from 850 to 220 µg/kg 
milk fat). On the other hand, the concentrations of γ-HCH had increased 76% in 2002, which 
could indicate a change from usage of technical mixture of HCHs to the usage of more 
purified γ-HCH (lindane) in agriculture (table 2). From 1993 to 2000, the concentrations of 
pp-DDE decreased from 1270 to 807 µg/kg milk fat, which is still 4 times higher than the 
corresponding level in Norway (data not published). The concentrations of pp-DDT were 178 
and 91 µg/kg milk in 1993 and 2000, a reduction of 49%, but still 13 times higher than the 
corresponding level in Norway (data not published). The mean ratio DDT/DDE was 0.14 in 
1993 and 0.11 in 2000, which means a reduction of only 19%. The concentrations of sum 
PCBs detected in Murmansk in 2000 are comparable to corresponding levels in Sweden in 
1992-1997 (Norén and Meironyté, 2002). The sum TEQs (pg/g lipid) (sum of mono-ortho 
PCBs, IUPAC nos.: 105, 118, 156 and 157) in the Russian human milk from 2000 was 2 
times higher than corresponding levels in Norway (Becher et al., 2002). 

 

Table 2. Concentrations (µg/kg milk fat) of HCHs in human milk from Murmansk, measured 
in 1993 and 2000 and % increase (↑)/decrease (↓). 

Murmansk 1993 2000 % increase (↑)/decrease (↓) 
N 15 13  
fat % 2.77 2.67  
    
α-HCH 4.2 3.1 27 ↓ 
β-HCH 853 218 74 ↓ 
γ-HCH 0.4 1.6 76 ↑ 
 

Conclusions  

In conclusion the decrease in levels of POPs in human milk from Murmansk confirms the 
positive effects of restrictions to the usage of the studied chemicals. However, greater efforts 
should be made to reduce levels of POPs in humans further. 
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Measurements of the actual concerted action of biomarkers: Dioxin and 
estrogenic activities in human samples as effect markers of organochlorine 

bioaccumulation 
 

Eva Cecilie Bonefeld-Jørgensen and Manhai Long 
 

We have determined the actual integrated level of xenohormone activities in serum samples depleted 
of endogenous hormones. Sonnenschein and colleagues have devised a method for estimating human 
exposure to a complex mixture of xenohormones (environmental compounds with hormone-like 
activities) [Sonnenschein et al., 1995] using high-performance liquid chromatography (HPLC) 
fractionation of human serum. This method has been further developed at The Department of 
Environmental Medicine University of Southern Denmark. Endogenous steroids are separated from 
the persistent organochlorines (POCs) in human plasma samples and the resulting fractions are then 
tested for xenohormone activity. We have applied the HPLC fraction of human serum free of 
endogenous hormones but containing compounds suspected to have hormone-disrupting effects, to 
obtain an integrative measurement of xenohormone activity using an estrogen receptor reporter-gene 
(ER-CALUX) stable transfected cell line, the MVLN cells.  

Serum dioxin-like activities mediated via the Aryl Hydrocarbon receptor AHR has been measured 
upon exposure of a stable transfected mouse hepatoma cell line Hepa1.1 [Garrison et al., 1996; 
Ziccardi et al., 2000] carrying an Ah-receptor directed reporter gene (luciferase) (AHR-CALUX). We 
have measured the sum of AHR mediated dioxin-like activity upon directly exposure of the cells to 
serum samples and after hexane extraction of the POCs from the fatty fraction of the serum 
(performed in Jean-Philippe Webers lab in Quebec).  

The poster will present the principle of the methods. 
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Introduction 

 “Space Weather” controlled by Solar-Terrestrial interaction affects a human health.  For the last 
decade, consequences of the impact are in focus of researchers and decision-makers, and hundred 
publications were dedicated to the problem.  Of a scope of   the papers one can consider that a 
frequency of sudden diseases, exacerbation of chronic diseases, heart attacks and other fatal cases 
increases significantly when a Heliogeophysical activity reaches up to high level (Tchyzhevsky, 
1973).  The most affected area is the “Auroral Belt” surrounding the North Pole between latitudes of 
65° to 80o.  So knowledge about a real scale and an advanced prevention of negative impact on the 
Northern people health from the Heliogeophysical Risk Factors has to be among priorities for those 
who are responsible for the health in the North. 

 

Methods  

Some new evidences on the impact for different time scales were obtained by two ways. 

i) Statistics of suicides in Finland (more than 40 000 cases in the Accidents in Finland, 1996) were 
compared with the time series of Solar activity from 1940 to 1996.  

ii) The Heart Rate Variability (HRV) method (Baevsky, 1970; Chernouss, 2001) was used in the pilot 
study to obtain objective direct information on a human response to the heliogeophysical impact. The 
HRV data time series accumulated of daily measurements of several tens volunteers in Apatity  
(67o30’ N), were compared with the K-indices of geomagnetic field variations recorded in PGI 
observatories at the Kola Peninsula.  

 

Results and Discussion 

It is shown that Heliogeophysical factors are in a close connection with changes of some human 
organism parameters at different time scales (from minutes to years (Fig.1-5)). 

A close correlation was revealed between the number of suicides among males and the sunspot 
numbers (which serve as indices of a Solar activity). A presence of 11 years periodicity in the suicide 
time series was proven by the spectral and correlation analysis (Fig.1,2). It was shown that more than 
20% of the male suicide commissions might be affected by the Solar activity. 

A presence of valid correlation between the K-indices and the certain HRV spectral parameters was 
revealed (Fig 3-4). More than 65% of tested people within the experimental situation underwent to 
impact of the geomagnetic activity in Kola Peninsula. The features of the human autonomic nervous 
system (ANS) response to the geomagnetic storms are discussed. The shift of balance between 
sympathetic and parasympathetic influences is observed in the direction, which depends on the basis 
type of autonomic homeostasis. There is necessarily to point out that relationship between 
geomagnetic field variations and HRV parameters is rather personal and varied in amplitude and 
direction for individuals. 
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Fig.1  Time series of trendless male suicide events in Finland and sunspot numbers for about 50 years. 

 

 
Fig.2  Male suicides time series Spectral power, which demonstrates near  11 year periodicity. 



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – H17 

 
Fig.3  Time-dependencies of the local K-indices of geomagnetic field (solid line) and different HRV parameters 
(Stress Index – SI, Amax, VLF, LF, HF and LF/HF spectral parameters) of the selected cases. High level of the 
HRV parameters and geomagnetic disturbances is obvious. 

 
Fig.4  Temporal variations of Cosmic Rays in Apatity Neutron Monitor  (solid line) and spectral parameters of 
HRV characterized ANS activity (HF and LF) of volunteers with sympathetic (bottom figures) and 
parasympathetic accentuation (top figures).  Different direction of ANS reaction are clear demonstrated. 

 
Fig.5  The contemporaneous records of Heart Rate (bottom) and geomagnetic variations (relative units) in 
Apatity during a night wth moderate perturbation (16-17 December 1998).  
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Introduction 

It was shown that diseases of many human organism systems (cardiovascular, nervous, endocrine et 
al) in the subpolar and polar regions are able to manifested in the youngest age and express in more 
hard forms than in the mid-latitude ones. The comparative demographic analysis of human health in 
northern and southern countries of Europe demonstrates that the mortality in due to of endocrine 
system diseases is superior in northern countries than   in southern ones (Finland - 2.8, Norway - 2.1, 
France - 1.1). Since the level of human health is the result of external and internal factor interaction, 
the background variability of natural conditions lead to intensive exhaust of the adaptive reserves of 
human organism in polar regions. This assumption was confirmed by our direct experiments 
(Belisheva et al., 1994; 1995, 1998, 2000). 

 

Methods  

 The investigations were carried out on clinically healthy boys 14 years of age at the Chupa village 
(66.3º N and 33.7º E) in the Northern Karelia (Rovaniemi is situated at the same latitude). This place 
is free of industrial pollution. The indices of psychophysiological state of organism   (nervous, 
cardiovascular, immune systems, peripheral blood, the growth of pathogenic microflore on skin 
covers) were measured. The connection of  psychophysiological state of organism with variability of  
local and global  geocosmical agents were established by the correlation matrix analysis (Belisheva et 
al., 1994) and by the technology of system’s reconstruction (Kachanova, Fomin, 2001). 

 

Conclusion 

 It was shown that the different components of geocosmical agents are able to modulate the functional 
activity of human organism including the nervous, cardiovascular, immune systems, peripheral blood, 
the growth of pathogenic microflore on skin covers. The results shown that the background level of 
examined boys health was lower than the level of similar contingent health at the mid-latitude. 
Moreover, the results have revealed the connection between variations of geomagnetic field (GMF) 
and unstable state of the human brain and corresponding emotional reactions. This phenomenon may 
be one of the cause initiated the psychoemotional and physiological reactions described as the "polar 
stress" syndrome. Since the natural physical agents not only decrease the level of human health but 
also increase the sensitivity to toxic agents, the background level of human health (including above 
mentioned factors) should be take into account under the assessment of environmental impact. It is 
especially important for calculation of hygienic standards of toxic agents in the polar region.   
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Fig.1 The frequency (%) and correlations sign of physiological state indices with indices of 
geomagnetic activity for total number of examines. Physiological state indices are included: 

1-Leucocytes; 2-Velocity of Erythrocyte Sedimentation; 3- concentration of Hemoglobin; 4- Quality 
of Vesicles in Blood (in reaction of forming vesicles by Blood); 5- Square of Vesicles in Blood (in the 
same reaction); 6 – Stick Nuclear  Neutrophils; 7- Segment  Nuclear Neutrophils; 8- Eosinophils; 9- 
Monocytes; 10-Lymphocytes; 11-Phagocytes; 12-reaction of Neutrophil activation; 13 – the growth of 
pathogenic Microflore; 14-Arterial Systolic Pressure; 15-Arterial Diastolic Pressure; 16- Heart Rate; 
17- Autonomic Nervous System Index; 18 – Index of Heart Activity; 19 – Body Temperature.  
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Fig. 2 Common quality (%) of examines with different sensitivity to variations of GMF. 1 – the low 
level, 2 – the mid level, 3- the high level of sensitivity to variation of GMF.  
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Fig. 3. The dynamic of anxiety indices for one examine, variations of proton flux in the near Earth 
Space and geomagnetic activity on the Earth surface. The level of anxiety is the result of interaction 
between  internal factors of  organism and external agents – the particles with high energy of Space 
origin and geomagnetic activity. 

 

 
Fig. 4. The Union Graph with special vertex: anxiety (TREV) is constructed by technology of 
system’s reconstruction (Kachanova, Fomin, 2001). It demonstrates the mechanisms by which the 
level of anxiety is formed.  The mechanisms include two factors: Factor 1 and Factor 2. The 
emotional state - feeling (NAST), the level of phagocyte activity (Fag) and the level of high energy 
protons (PR_FLX10) are incorporated into Factor 1. The self-sensitivity (SELF), the level of 
hemoglobin (Hem) and the activity (AKTN) are incorporated into Factor 2. The interactions of 
parameters into Factors 1 and 2 and Factor themselfs as well as the action of each parameter 
separately  are able to affected on the level of anxiety.  
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Introduction 

Arkhangelsk Oblast’ (AO) is an administrative district in the North-western part of Russia with about 
1,5 million inhabitants. The district consists of 22 administrative regions, as well as the Nenets 
Autonomous District. The district administration and centre is the city Arkhangelsk Gorod, which has 
650 000 inhabitants. Surgical hospitals are also located in five additional regions in AO. 

The Arkhangelsk Cancer Registry (ACR), founded by the support of the Cancer Registry of Norway, 
started in 1999 to collect data about oncological diseases in AO from 1993. The ACR is administered 
and run by the Regional Hospital of Oncology in Arkhangelsk Gorod and has six full-time employees. 
The ACR is lead by a medical doctor specialised in oncology. By the year 2002 the ACR contains 
information about 37000 cases of cancer. Approximately 4000 new cases are registered annually. In 
2000-2001 a verification of the registered data was carried out in ten regions of AO. In September 
2001 Dr Helge Stalsberg, an experienced pathologist from the University Hospital of Tromsø - 
Norway, was invited to the Pathological Department in Arkhangelsk and carried out a verification of 
the histological diagnoses to verify histological practises. The conclusion was that the department 
follows the WHO International Histological Classification of Tumour. From year 2000 the register 
has functioned as the official source of cancer statistics about AO for national and public purposes.  

Data about cancer incidence and mortality in Norway is registered by the Norwegian cancer registry, 
which covers the population of 4,5 million people. About 21000 new cancer cases are registered 
annually in the recent years. The registry contains complete data about notifications on cancer in 
Norway back to 1953 (Kreftregisteret, 2001). 
 

Method 

All physicians are required by law to report cancer cases to the central cancer unit of the district. 
When a cancer case is diagnosed the physician fills out a form which is sent to the Arkhangelsk 
Regional Oncology Centre (AROC). The patient receives a referral to the same centre. At the AROC 
a new examination is carried out and the obtained information is registered in the ACR. Roughly 70 
percent of the referred patients choose to be examined at AROC, the remaining are treated locally. 
The form is filled out and forwarded after every treatment or cancer related change in the patient. 
When a cancer is established at death the information is accordingly sent to AROC. Once a year the 
regional oncologist/chief doctor visits AROC with the annual local cancer statistic for verification 
against information received by AROC for that district. Missing information is then added to the 
ACR. A representative of ACR also visits some regions a year for verification of recorded data 
against patient journals. The information about cancer cases concerning people who are not registered 
as residence of AO are sent to their individual home districts, and not included in the ACR. Likewise, 
AROC receives information from elsewhere about cancer diagnoses and treatment of residences of 
AO – including military personnel and students.  Data is entered in the ACR using Access data base 
software. Every patient entry is usually controlled two or more times.  

Dating back to 1993, the following information has retrospectively been registered in the ACR: 
surname, name, patronym, date of birth, gender, date of diagnosis, code of diagnosis, stage, presence 
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of multiple forms, method of verification (histological, cytological, X-Ray, ultrasound, endoscopy, 
clinical etc), variant of histological diagnose, outcome of disease, and date. From 1995 the 
information recorded was extended to include method and place of treatment, and date and cause of 
death.   

 

The data about cancer incidence in Norway is obtained from the Cancer Registry of Norway. The 
registry is population-based and all cancer and pre-cancerous lesions are registered through 
mandatory reporting by physicians. When a report is received from a pathological laboratory and no 
clinical form, the hospital clinician is contacted for notification to the cancer registry. The report is 
further investigated if the information from clinicians and pathologists is conflicting. The date and 
causes of death are also matched with the register of deaths based on death certificates. If a 
discordance is found a further investigation back to the certifying hospital or physician is carried out 
(Kreftregisteret, 2001). 

 

Results 

The overall crude cancer incidence rate in 1998 was about eighty percent higher in Norway than in 
Arkhangelsk Oblast’ – both for men and women. Adjusting for age the incidence among men was 
312/100000 in Norway and 282/100000 in AO. Among women the rates were 256 and 174/100000, 
respectively. The higher rate among men in Norway compared to in Arkhangelsk was especially 
influenced by the large difference in incidence of prostate cancer (76 vs 12/100000). The incidence of 
cancer in the lung has been decreasing among men in AO during the period 1993-1998, but was still 
more than twice as high as in Norway in 1998 (72 vs 35/100000). The incidence of stomach cancer 
was more than twice as high in AO for both men and women. The large difference in total cancer 
incidence among women can be explained by the incidence differences of breast and lung cancer. The 
age adjusted rates of  breast cancer in 1998 were 69/100000 in Norway and 32/100000 in AO. The 
difference in incidence in the two populations was especially profound among women in the age-
groups above 60. The incidence of ovary and testis cancer was higher in Norway in all age-groups. 
The relative risk for all cancer sites combined was lower in northern Norway than in the southern part 
of the country. The age adjusted incidence rate for prostate cancer in the northern most county in 
Norway, Finnmark, was less than half of the rate in Norway as a whole, but still higher than in AO 
(33 vs 12/100000).  

 

Conclusion 

The overall cancer incidence in Norway was higher than in the Arkhangelsk Oblast’ of Russia, 
especially among women. The incidence pattern of stomach- and female colon cancer in Arkhangelsk 
Oblast’ was comparable to what was found in Norway 30 – 40 years ago. The rate of cancer of the 
lung among men was higher in Arkhangelsk than in Norway despite the high increase in incidence in 
Norway up to the 1990s. The incidences of prostate-, testis, ovary and female breast cancer were 
lower in Arkhangelsk Oblast’ than ever registered in Norway since the registration by the Norwegian 
cancer registry started almost fifty years ago. 
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Fig 1. Age adjusted incidence rates of some frequent cancer sites for Arkhangelsk and Norway, males 
1993- 1998 
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Fig 2. Age adjusted incidence rates of some frequent cancer sites for Arkhangelsk and Norway, 
females 1993-1998 
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The success of the decision of tasks of any medical-ecological research in much is determined by 
completeness of an estimation of the importance for health of people ethnographic factors. Features of 
the ethnogenesis, demographical processes in populations, an originality of economic activities and 
spiritual life are to no small degree determined by a level of integration of populations in a 
surrounding natural world.  

We ascertained, that demographic characters of the basic of Chukchi aboriginal populations are 
characterized by absence of migration, stable ethnic structure, archaic age-sexual structure (the share 
of youth and efficient individuals in populations is much higher than a share of old men). The reduced 
life cycle is characteristic for Chukchi natives and consequently, for example, oncological diseases are 
realized earlier, than in other northern populations (15-19-years old chukchi perish from a cancer as 
frequently as 30-39-years old Saamy, Nenets, and Komi). Prominent feature of a health status of 
northern peoples living on Chukotka is the high risk of occurrence malignant carcinomas. Region is 
attributed to a zone of true endemia of oesophageal cancer on a level of spreading of this pathology 
(to the basic attribute - to the greater risk of occurrence of a cancer at women). 

Basis of all economic life of these aboriginals of Chukotka is the primitive system of wildlife 
management makes usual thousand years back: exploitation of half-wild reindeer’s herds, an overland 
and sea hunt, fishing, collecting of wild-growing edible plants. This circumstance determines a 
phenomenon of inclusion of populations of natives in ecosystems of Arctic regions, in particular in 
many food chains. 

As results of our researches testify, dynamics of the general and causal death rate of natives of 
Chukotka is naturally connected to natural fluctuations of intensity of natural factors of an 
environment. In other areas of Russia the similar phenomenon was observed only before October 
Revolution (A.Chizhevsky, 1932). Thus, we assume, what exactly on Chukotka is possible the most 
effective search of signs of influence of environmental pollutions on health of indigenous population 
in time. Really, if dynamic of levels of pollution is known, medical and biologic effects display in 
interface to it as infringement of a natural rhythm of fluctuations of the parameters describing changes 
of a death, sick rate of natives. At the same time, appeared, that, for example, radiation technogenic  
loadings at natives (including from local and global fallouts) do not influence on the processes of the 
general natural decline in population and death rate from main causes on a background of natural 
fluctuations of special parameters (% of an increase of death rate above long-term level of 
background). 

By usual indexes, mortality rates for indigenous population of Chukotka essentially differ from those 
on Russia (see table 1.) and basically are connected with social and economic changes specific for 
region. These changes may be display, for example, in alcoholization of the population, in 
fluctuations of structure of a diet.   

On materials of administrative bodies and by interrogation of the population the consumption level of 
alcohol (1961-1995), structure of diets of aboriginals Anadyr and Chukchi districts (Chukchi and 
Eskimos) was studied. Positive correlation connection of a level of alcoholic loading is established on 
1 inhabitant with death rate from cardiovascular diseases (r = 0,67+0,20), with a level of death rate 
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from an alcoholic intoxication (r=0,52+0,18), death rate from congenital anomalies (r=0,48+0,22) and 
children's death rate (r=0,41+0,17). Research has shown, that connection of birth rate with a 
consumption level of alcohol in a population also is not accidentally (r =-0,95 + 0,03). At the same 
time, appeared, that risk of death from a cancer and a suicides in any way are not connected with 
consumption of alcoholic drinks. Last circumstance testifies about the complex difficult social-
psychological processes having a place in life of indigenous population of Arctic regions in the 
beginning of XXI century. 

Research of diets of reindeer breeders of Chukotka during 40 years has shown, that the structure of a 
died of natives essentially varies and, apparently, reflects fluctuations of a level of their economic 
well-being and social cataclysms in region (see tab. 2).  

Our researches by results of interrogation of 2001 have revealed, that daily all inhabitants use in food 
as dishes (hundreds grammes) and food additives (tens grammes) a special way prepared (in a 
combination to fat of sea animals) local plants which are widely known as medicinal: Rhodiola 
atropurpurea, Polygonum bistorta, Chamaenerion angustifolium etc. Fruit and the vegetables 
accessible to aboriginals of the majority of other areas of the Russian Arctic regions, for the 
population of Chukotka, it is especial its North-East coast, are practically excluded from a diet, which 
basis are meat (up to 1000 g/day) and fat (up to 500 g/day) of sea animals, a flour, groats, sugar, and 
in a short summer season - a fish and sea birds.   
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Table 1. Mortality rates (per 10000 inhabitants) for indigenous population (I) of Chukotka and for the 
whole Russia (R) in 1961-1998 

Cause of death  1961-
1965 

1966-
1970 

1971-
1975 

1976-
1980 

1981-
1985 

1986-
1990 

1991-
1998 

Total mortality I 
R 

194.7 
75.0 

213.5 
81.0 

219.0 
92.0 

197.1 
105.0 

171.0 
113.0 

108.1 
107.0 

112.3 
115.7 

External causes I 
R 

28.3 53.5 46.6 47.4 
23.0 

39.6 
12.0 

22.5 
9.0 

28.4 
10.2 

Suicides I 3.7 6.8 7.6 6.7 5.5 4.2 5.8 
Cardio-vascular 
diseases  

I 
R 

25.8 41.5 50.8 40.5 
29.0 

37.6 
36.0 

24.6 
60.0 

32.7 
65.6 

Cancer 
(totally) 

I 
R 

26.5 
13.8 

24.1 
14.4 

24.9 
14.9 

25.2 
15.8 

23.2 
15.8 

21.7 
18.5 

22.3 
20.2 

I 7.9 9.3 6.7 7.2 5.0 2.9 2.5 Cancer of  
oesophagus  R On the average – 0.6 
 

 

Table 2. The main diets components of Chukotka reindeer breeders, 1961-1998, g/day 

The time of expert estimation Products 
1961 1981-1991 1998 

Venison 800-1000* 250-500 500-1200 
Fish (freshwater) 500-800 300-600 500-800 
Game (and a hare) 150-300 100-200 200-350 
Beef, pork (including canned food) 30 100 10 
Dairy products 20 100 10 
Wild-growing plants 30 10 50 
Fruit no 100 10 
Vegetables no 150 50 
Bread and bakeries 500 300 500 

* - seasonal fluctuations 
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Ethnographic Factors are an Actuality for Health of the Russian Arctic Natives: 
Message II - Kola Region 

 

G.I. Miretsky, O.A. Bolkvadze, S.S. Mihajlov, A.N. Nikanov, V.P.Chashchin  
 
Kola Research Laboratory of Occupational Health, Kirovsk, Murman Reg., 
Research Institute of Radiation Hygiene, St.-Petersburg, Russia 
 

In 1987-2001 ethnographic and social-psyhological peculiarities of mode of life of North-West 
natives - inhabitants of villages Krasnoshel'e (K) and Lovozero (L) – Saamy, Nenets and Komi, was 
studied. The aboriginal inhabitants number make in villages 450 and 1700 accordingly. Researches 
were being carried out in the limits of federal and international medical-ecological programmers.    

In 1987, 1993, 1998 the aboriginal degree of stress-resistance, social adaptability (by Holms) and the 
level of uneasiness (by Taylor) were diagnosed. In years of investigations at 50 (in K) and 150 (in L) 
persons of both sex were questioned. 

In 1993 consumption of alcohol was studied according to data of regional Department of Commerce 
and by interview of the population, in 2001 – new data on food stuff and on economic-conditions of 
life (149 persons in K and 116 in L were questioned). 

The village K is located in 150 km from the regional centre - L and is connected to an external world 
only by winter roads and air airline. In the certain measure population K is voluntary exile (frequency 
of person bearing the same surname in K is reliably rise above than in L). On data of interview such 
position allows it independently and more operatively to solve the economic problems. The level of 
the income per capita in K on 25 % is higher, than in L. The possibilities of wildlife management are 
more favorable in K - structure of food ration is more qualitative and hearty. Objectively it is 
confirmed by higher (in comparison with the appropriate data on L) the contents of Cs-137 in an 
organism K’s reindeer breeders and hunters which can be considered as a radioactive label of a level 
of receipt in an organism of biologically valuable food (first of all venison, game). 90 % of inhabitants 
K on the personal plots successfully grow all cultural vegetables and berries, typical for middle zone 
of Russia. The crop of many kinds provides their annual need. At the same time in L individual plots 
provide the owners only with a potato.  

As you can see on the fig 1., almost all interrogated inhabitants K would not like to change the 
residence and 80 % from them would not wish it their children.  30 % of inhabitants L are ready to 
leave native places in searches of the best life. 70% of aborigines K are satisfied with their work, and 
in L – 58%. Obviously inhabitants of local North nationalities in K more really estimate their 
professional possibilities and general cultural level: only 64% of these think that their education is 
sufficient. At the same time in opinion of almost 80% L’s natives their education level may provide 
with him worthy life. About 40% of respondents from L in the estimation of factors of surrounding 
world which important for health believe, that their physical prosperity completely depends on a 
degree of pollution of environment (for K this index – 20%).   At the same time almost half of natives 
L are interested in accommodation near their settlement the industrial objects (the appropriate 
parameter for K - 11 %). Apparently, this contradiction is explained by desire to receive permanent 
job – “for” industrialization of the area workers-natives express mainly (recent reindeer breeders). 
Their colleagues who have kept the specialty and job in reindeer breeding express “against” in 
majority (97 %). 

According to official statistics of 1993 the consumption level of alcohol in L did not exceed those in 
K, but on our data the same year in L negative correlation connection between alcoholic loading on 
the population and suicidal actions is revealed. Obviously many accidents of a suicide in L may be 
estimate as realized act of removal from life under influence of psycho-traumatic situation stipulated 
by hard social-economical crisis.   Really, according to our sociological researches 1987, 1993, 1998 
(Fig. 2.) the level of stress-resistance and social adaptedness of natives L in the period with 1987 for 
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1993 has essentially gone down, having achieved a threshold level and by 1998 has got in dynamics 
the tendency to the further decrease of a degree of resistibility to stress. Thus with 1987 for 1993 the 
level of uneasiness in a population which during 1994-1998 has not undergone changes accrued and 
was diagnosed as an average level with the tendency to high uneasiness.  

Changes of the social-psychological status of a population of aboriginals K in the period with 1987 
for 1996 submitted to other law. After 1987 and up to 1993 there was an increase of uneasiness from 
average up to a high level, accompanying with so essential decrease of stress-stability After 1993 
uneasiness in the population of natives K decreased, but in 1998 still exceeded a level of 1987. 
Change stress-stability in 1987-1993 years corresponded to L dynamics, but on more high level. 
During time after 1993 this parameter tended significant improvement and in 1998 even exceeded a 
level of 1987. Thus, the native population of  K in conditions of heavy social and economic crisis 
appeared more stress-stability and socially adapted than a population of L.  

At obvious social and economic well-being in K in comparison with a situation in L real and potential 
risk of medical consequences of environmental pollutions for the population K higher, in view of  its 
more natural inclusion in local food ecological chains.  

By the data submitted in figure 3, at the end of 70th years on inhabitants K the certain factor which 
has caused sharp rise of oncological death rate, begun with the end of 90th years influenced. For a 
role of this factor in an equal measure may radiation and chemical cancerogenics. But it is not 
impossible to exclude the effect of stressful promotion. Probably, the “cost” of successes in economic 
life in conditions of social-economic crisis is acceleration of clinical realization of malignant tumors. 
Really, all “added” cases a cancer are registered at persons of able -bodied age (35-55 years).  
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1. Would you like to change a residence? 

 
 
 

 
2. Would you like that your children have  
     changed a residence? 

 
 
 

 
3. Is your education is enough? 
 

 
 
 

 
4. Are you satisfied with your work? 

 
 
 

 
5. Is the condition of your health depend from pollution of 
an environment on 100%? 

 
 
 

 
6. Are you interested in accommodation of 
industrial object near your village? 

 
 
 

  0     10    20    30    40    50    60    70    80    90     100   % 
  

Krasnoshel'e  -    Lovozero - 
 

 
Figure 1. Results of interview, the positive answer, % interrogated, 2001 
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Figure 2. Uneasiness and stress-resistance of Lovozero district’s natives  
 
                            Krasnoshel'e:                         - uneasiness 
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Figure 3. Cancer mortality, villages Lovozero and Krasnoshel’e, 1984-2001  
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Arctic Network for the Support of the Indigenous Peoples of the Russian 
Arctic (ANSIPRA)  

 
Winfried K. Dallmann 

 
Norwegian Polar Institute, N-9296 Tromsø, Norway 
 

Indigenous peoples of the Arctic and Subarctic occupy a key position among the objectives of AMAP 
and other Arctic environmental programmes. These peoples’ dependence on the extreme natural 
conditions of the North, their special vulnerability to environmental impacts and socio-demographic 
changes make them considerably more exposed to diseases, loss of traditional occupations and ethnic 
identity, and has brought many of them to the edge of extinction. 

Conditions are worst in the Russian part of the Arctic, while access to information is also most 
difficult there. ANSIPRA is trying to provide information on a broad base, and to mediate contacts 
between Russian indigenous peoples’ organisations and international institutions and organisations 
alarmed about the future of the indigenous peoples of the Russian North. 

The ANSIPRA Secretariat issues a bulletin twice a year and maintains an Internet website 
http://www.npolar.no/ansipra. Both are issued in English and Russian. The website – launched in 
December 2001 – has largely replaced the Bulletin in western countries, while information continues 
to reach most addressees in the Russian Federation through the printed Bulletin due to poor internet 
access.  

Numerous letters of support – both from international institutions and from indigenous peoples’ 
organisations of the North, Siberia and the Far East – show that our work is much appreciated and 
provides vital information both towards and from the indigenous society of the Russian Federation.  

Points of concern for all institutions dealing with Russian indigenous issues should be: 

• to continue humanitarian aid 
• to find satisfactory solutions for indigenous land rights 
• to strengthen legal security for indigenous peoples 
• to improve the dialogue between indigenous representatives and government officials 
• to improve the knowledge and the problem-solving capacity of all involved parties  

ANSIPRA seeks to provide relevant information on: 

• ethnographic and historical background 
• present situation and living conditions 
• cultural and social development 
• indigenous institutions 
• legal issues 
• urgent needs  
• project proposals and project activity 
• maps 
• new literature references 
• important meetings and conferences 
• contact addresses 
• links to other information on the web 
• download versions of the network’s bulletin 
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Indigenous peoples of the Russian North 

According to Russian practice, indigenous peoples of the North, Siberia and the Far East of the 
Russian Federation (RF) are collectively addressed in administrative and juridical contexts. 
Indigenous peoples’ organisations follow this pattern. In the area of consideration, the approximately 
260,000 indigenous individuals form about 0.5% of the entire population, a percentage which is 
currently increasing due to emigration of mainly non-indigenous population..They belong to 40 
federally recognised ethnic groups. As a considerably higher indigenous (as opposed to non-
indigenous) portion of the population lives in rural areas, many scarcely populated areas in the Arctic 
have a majority of indigenous inhabitants.  

Their majority live in small villages close to their subsistence areas, where they – besides more 
modern occupations – pursue traditional subsistence activities like reindeer-herding, hunting, fishing 
and gathering. But they face severe problems. Since the colonisation of the North, large expanses have 
gradually been converted into areas for alien settlement, transportation routes, industry, forestry, mining 
and oil production, and have been devastated by pollution, irresponsibly managed oil and mineral 
prospecting, and military activity.  

Like in other parts of the world, indigenous peoples in Russia have very strong ties to their natural 
environment. Their demand to maintain reciprocity with nature is a combination of spiritual and 
subsistence-related needs, and their cultural identity is thus directly dependent on intact ecosystems 
within their traditional territories. This explains the enormous difficulties many indigenous peoples 
have into adopting “modern ways of life”, and the social disaster that resulted from the state’s attempt 
to settle nomads, reverse social structures, reorganise subsistence into commercial economies, etc.  

Russia’s recent socio-economic crises, precipitated by the transition to a market economy, has led to a 
break-down of most of the supply and transportation system in the remote areas. Having been 
incorporated into the alien Soviet economic system, made dependent on modern infrastructure and 
product distribution, the indigenous people now find themselves left alone without supplies, medical 
care, rising mortality, and the economic means and legal expertise to deal with the situation. The road 
back to the old ways of life has tempted many, but is often hampered by the degradation or 
destruction of the natural environment. 

The effects of the modern crisis on indigenous nature use are varying. A general problem is the lack 
of essential transportation supplies like fuel and spare parts, preventing hunters, fishers and herdsmen 
from reaching their grounds. A common trend is that in those areas where traditional subsistence 
activities are preserved in their most original forms, the people have the least difficulties – such as 
reindeer herders on the Yamal Peninsula – as opposed to areas like Chukotka, where Soviet 
collectivisation was thorough and where the number of domestic reindeer since has decreased by 
85%. Meanwhile, the Russian economic disaster promotes the continued exploitation of the resources 
of the North and dampens political willingness to preserve the remaining unspoiled indigenous 
subsistence areas.  

Since 1990, the indigenous peoples of Russia have organised themselves in the “Russian Association 
of Indigenous Minorities of the North, Siberia and the Far East” (RAIPON). Environment, health, 
legal challenges and economy are the most important issues on the agenda. One of the main obstacles 
for a positive development is the lack of financial means. In most areas, there is even a shortage of 
such basics as food, tools and firewood. The need for continuous support from the outside is 
fundamental. 
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The Principle of Eco-Adequacy as Reflected in the Traditions, Language 
and Culture of the Indigenous Peoples of Siberia 

 

Kamaletdinova Z.S. and Kolkova N.V. 
 

Tomsk State Pedagogical University, 634041 Tomsk, Russia 
 

The crisis condition of the up-to-dafeness is the indisputable fact today. 

Having global manifestations, where the region peculiarities are not exceptions, nevertheless the 
global problems of the  up-to-daftness became humanly urgent. Specialists ascribe to global problems 
firstly ecological ones. Problems of wood supply reducing, environmental pollution, nature resources 
depletion touch upon the vital activity of people more often that make the search of way out from the 
dangerous situation very urgent.  This fact  can explain the great number of conferences, symposiums, 
which are dedicated to consideration of global problems great number of specialists from native 
regions think about these problems. 

Perhaps as the first program of way out from the  global crisis may be considered the program which 
was accepted on the on the International Conference in Rio-de-Janeiro in 1968. Since that moment 
innumerable number of different programs and strategies of development were considered. 

However they didn’t allow to achieve any changes. Some of these programs don’t have any 
opportunities for realization, the other demand such expenditures that they become impracticable.  In 
our opinion they are not effective because they don’t touch upon the essence of  problems, they don’t 
change  the image of vital activity. The whole history of last years the humanity was busy in 
unrestrained rise hurry – consumption, assimilation and so on. This is naithergood and nor bad,   this 
is the way, which gave the humanity the huge opportunities for development: people assimila ted the 
planet, flew into outer space, decoded the genotype and so on. This development is difficult and 
impossible to be stopped, but it is not necessary. 

However today, when the power of  people can be compared with the  power of nature the 
responsibility for decisions accepted by people increases repeatedly. Today nature is not able to 
provide increasing demands of humanity. 

That’s why more often today the specialists’   eyes are fixed on consideration of world outlook, the 
conditions of its formation, as the basis of any way of vital  activity, to forms of its translation. 

In this situation the experience of  Indigenous Peoples who can find the ways of unity, proportionality 
with nature, ensuring the  balance in existence of natural ecosystems and ethnic groups, which live in 
limited halos for a long time is urgent. 

This experience of conservation in customs and traditions can be called for today is well. Prolonged 
stay on one  and the same territory of a human socially, which has a succession of generations and of 
course an appointed memory, all  these can’t  but create  mythological image of the  Earth and the sun 
of specific knowledge about it, which is necessary for people  for surviving in severe natural – 
climatic conditions, which exist during centuries in given locality. 

Their national image of  «world» was created by inhabitants of a given territory – ancestors of  
Indigenous Peoples of Siberia and it came to us thanks to people’s memory of native speakers of the 
language and traditional world outlook. 

The principal of  «openess»,  which presumes the ideas of native people about  openess  of human 
world and world of animal and inanimate nature. 

Let’s consider some example of ecology, which are  divided in some principle: Selcup, for example, 
believed that in veal world there is a  breach which doesn’t have any permanent place in space and is 
open in different moments of being more or less. The lexical closeness of such notions as «a man is 
fork» and «the day comes», so to say «appear from darkness of  another being info light and real 
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world» speaks about this space breaks. Very often «sky breach» plays this role, - which touches  the 
top of the tree (larch) on the  Earth    (seven-rooted-tree) with the help of which requests and 
complaints of  people reach the sky. 

The principle of a man’s unity with a nature of its proportionality of nature world.  

The idea of undoubtedly unity and  indissoluble ness of development of a man and the Earth in all its 
manifestations are  fixed clearly in world outlook, what is displayed in folklore: sognassan,  who often 
mix the idea of a man, in world creation its: «an old women, who is seven inches in face and one inch 
in height». Golovnyn, 1995.  Indigenous Peoples of Siberia think, that the Earth was created by a 
women. The Earth is an old women, who settled down then on the marsh between hummocks.  

In modern language these ideas found their own form as well. So the name of  the «Earth» - clay in all 
dialects of Selcup language, and in all  samodisky language was formed from the same lexical stem. 
Nevertheless there we can see unity. That’s why the mass and drowning are taken for the hair of « old 
women - Earth». The idea of modern Selcup to growing grass is very interesting: «I can’t  
indifferently weed the grass, it seems that. I tear out the hair of the Earth» - admitted the forester’s 
women M. N.  Tagoeva. 

The principle of «non - interference» deep responsibility in relationships with nature.    

By many nationalities forest is taken as a community of animated elements, witch have the connection 
between them, closely related with surrounding land, air, river and so on. If a man has to interfere to 
this association such interference has foreseeing, careful character, which doesn’t do any harm (forest 
is perceived as an animated thing and people ask only such things which are necessary for life). 

The other example is the relations with a river. A. A. Kim, analyzing the meaning  fixes the word 
awei / awai, which is used for denoting any river and fully coincide with the word «breathe». So the 
river – is  vitally important  abject of the world. Kim, 1997. 

Ecological principles of existence may be observed in ancient manifestations of vital activity – the 
dwellings aboriginal were not built chaotically. It was necessary to study the interinfluence of all 
objects surrounding dwelling. It fraught the life of a man and the nature  into agreement. 

As we see from the examples the world outlook of native people of Siberia resulted from 
proportionality. Indisputable fact is that further exploration of experience of vital activity of native 
people will help to find the answer  to questions, which the humanity faces today, in front of the threat 
of global collapse.   
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Under traditional management should understand historically established ways of mastering 
indigenous peoples by folk surrounding natural ambience on the base permanent ecological balanced 
uses, mainly renewed by natural resources without the undermining of abilities to firm reproduction 
and reduction of the variety of natural resources (Siroechkovsky, 1974). Traditional management  K. 
Klpkov (1997) defines as "process of the interaction indigenous peoples  north etnos with feeding 
territory and social-economic ambience - "dominant etnos". The most Strong technogenocs press feels 
nursing territory Taimyr autonomous neighborhood on the part of huge metallurgical complex of 
Norilsk. Its influence shown in geological work on prospecting mining, gas, oil, diamond, golden and 
other exploit; in the construction of objects blazed-metallurgical combine Norilsk and its fcompanion  
- Talnah and Kaierkan; in the construction and activity of villages of geologists – Facel, Messoyaha, 
Pelyatka; in activity ñîòåí bore; in the construction of earning one's living communications; in the 
construction of transport pathways and gasmains; in mining of ore, coal, gas and other developments; 
in soiling atmosphere, water, ground by earning one's living surges of metallurgical enterprises and 
departures of industry; in using a heavy technology  at the transportation of cargoes and work 
execution, in fires and poaching. The Given activity ntgativly tells on and fauna of the region, on the 
ambience of the residence aborigen folk of Secrets an Nenets, Dolgan, Nganasan, Ency, Evenky. In 
Norilsk Industrial district earned one's living surges in atmosphere, containing sulphurous gas, oxide 
and dioxide of carbon, nitric oxide, aerosol of the sulphurous acid, total per annum form 22,5 ìëí. ò. 
As a result aerotehnogenics influences an area of deceaseds woods forms over 600 000 hectares; on 
extensive territory (2.5 million hectares) occurs ruin  trees and shrubberies;  the whole wood and 
shrubberies  vegetation is damaged on areas before 7 million hectares. The Lichens sprouted districts 
of the influence of the data an throw away, accumulate heavy metals a concentration which exceeds at 
most possible rates that is reflected on domestic reindeer and wild reindeers and quality of their 
product, on tundra  and wood and tundra biocenos. As of the district committee an ground  to 
resources as a result activity Norilsk Industrial district and mouth expelled more than 20 million 
hectares reindeers pasture. Under the influence of the transport violated vegetable cover, mainly 
lichens, on areas near 1 000 000 hectares. 

For last 20 years to the account of the complex antropogeniks factors occur an active process an  
destruction of lichens provenders result capacity  pasture, fixed for facilitieses, has reduced, 15-20%, 
and from the turn left near 5 million hectares pasture. Big damage to flora and fauna an lakes  inflict 
sewers of enterprises Norilsk Industrial district. Their influence is at present felt as in vicinities 
Norilsk, So and on  the whole Burrow Pyasina lake-river system that endamages fish to spares by the 
influence the sewers vault of departures  is observed ruin  lakes. Total area of lakes lost fish  value 
under the influence of sewages, forms over 200 thousand hectares. Enterprises Norilsk Industrial 
district inflict appreciable damage not only deer to pastures, tundra  and wood and tundra  an 
biozenos, as well as ambience of the residence and vital activity indigenous peoples of Taimyr of the 
region, but this greatly has intensified a syndrome their nervously-physiological tension, leading to 
the breach of their adaptation to surrounding terms to origin in their consciousness óùåðáíîñòè, not 
claimed by the society (amongst indigenous peoples most percent unemployments). Thence ambience 
of aborigines of the alcoholism, criminality, suicides. Herewith amongst them twice as large sick and 
length their lifes on 15-20 years  shorter, than on Russia at the average. To change a situation in the 
best party it is necessary to fix legislative to earned one's living enterprises and share associations part 
of the profit annually direct on the improvement surrounding ambiences, on the development of the 
material and technical basis of branches traditional management, on the improvement social-
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economic position aborigens folk. Earned One's Living enterprises must be equiped by filters of 
different systems and pit for keeping  to allow surges of bad materials of heavy metals in atmosphere, 
water ambience and ground. Journey and functioning  a heavy caterpillar transport at a showless 
period must be forbidden State it is necessary to enter dotacion on the product of branches traditional 
management – domestic reindeer, hunting and fish providences. For the development given branches 
to represent facilitieses soft credits. To Restore and develop systems of provision, stocking up, 
conversions and saleses of products branches traditional management. 

In order to preserve effectively the environment and to reach rational use of nature resuorces we need: 

1. To work out the complex regional program of reserving and rational using of biological resources 
begin in accordance with the interests of the indigenous population; 

2. To form ecoogy deputy groups (the permanent commissions) at the local Russia level consisting 
mainly of representatives of the indigenous peopls capable to bring their traditional ecology 
experience onto the Russia activites; 

3. To make an inventory of destroyes soils in the working places of geological and other kinds 
ofexpeditions, to estimate caused damage size, to oblige the expeditions to compensate utterly all 
those damage; 

4. To carry out a atrict ecology examination of all reconnaissance prospecting work. In future all the 
work of that kind has to be permitted only by the local Russia; 

5. To widen the reserved territory set. 

Now Company " Norilsk Nikel " is authorized the ecological program till 2005. She includes 
alongside with realization of radical reconstruction and modernisation of manufacture the whole 
complex of works of the ecological problems, directed on the decision, of region. It is simultaneously 
necessary to carry out a complex of measures directed on decrease(reduction) of action and other 
negative factors on reindeers of a pasture, on an environment of residing aborigenishen of the peoples 
Taimyr- dolgan, neneth, nganasan, evenks. The financial deductions at the expense of the profit on the 
given purposes on the part of the Company " Norilsk Nikel " will allow more rationally to use 
biological resources and to improve a socio-economic situation of the Indigenous peoples Taimyr. 
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Geochemistry of the Habitat and Human Health in the Arctic Zone of 
Yakutia 
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Permafrost Institute, Siberian Branch, Russian Academy of Sciences, 677010, Yakutsk, Russia 
 

Introduction 

It is believed that approximately one third of the periodic table chemical elements spread in the nature 
are necessary for life. These are macroelements: C, H, O, N, Ca, S, P, K, Na, Cl, Mg; mesoelements: 
Fe, J, F, Si, and the large group of microelements: Cu, Zn, Mn, Co, Ni, Mo, Se, Cr, Sn, As, V, B. 
Accumulation of chemical elements in human organisms depends on metabolism properties inherent 
to particular species, as well as habitat environmental conditions defined by both natural and 
technogenous causes. 

 

Methods 

The present study involved the traditional geochemical methods used in environmental research, 
contamination data acquisition and assessment of interaction between various environmental 
components. Geochemical data were also used in investigating the human health effect of 
environmental factors. 

Unfavourable geographical position of Yakutia and frigid climate considerably intensify negative 
influence of industrial activity on ecological situation of the region. 

The most essential factor of technogenic influence on the environment is environmental pollution. 
Climatic characteristics of Yakutia prevent polluting elements from dispersing. According to 
observations, the atmosphere of northern regions becomes polluted by various harmful elements much 
quicker. However, the majority sources of technogenic pollution (industrial enterprises or urbanized 
areas),existing in Yakutia, is characterized by relatively local tcchnogcnic atmospheric and geo-
chemical fields - n-100n sq. km. For example, technogenic anomaly located in Southern Yakutia and 
occupying a territory of about 5000 sq. km. (Chulman - Neryungri), its outlines are well seen when 
analyzing space pictures. Another big technogenic atmospheric and geo-chemical anomaly is located 
on the territory of Tuymaada valley. 

The regional geo-chemical anomaly in the atmosphere of Yakutia is formed under influence of 
industrial wastes of Norilsk region - sulphur, nitrogen compounds, heavy metals and other polluting 
elements. Due to unfavourable for Yakutia prevailing north-eastern winds and very high pipes at 
Norilsk factories north-western regions of the Republic in the basin of the Vilyui river appear in the 
field of technogenic influence (Ohta at al., 1995). Transit character of a number of big rivers, the 
heads of which arc beyond Yakutia - the Lena, the Vitim, the Kolyma, the Olyokma, means that 
waters of those rivers are already polluted when flowing onto the territory of the Republic. The 
pollution of transit rivers is mainly connected with mining of deposits of mineral resources - iron, 
gold and petroleum in lrkutsk region, mining of gold and tin in Magadanski region. 

Pollution of natural waters on the territory of the Sakha Republic is mainly caused by dumping 
products of conversion of mineral resources, sewage and other wastes into the rivers. The most 
stretched technogenic flows are formed in the basin of the Vilyui river and connected with organic 
products of timber decay in Vilyuiski reservoir that get into the riven. Pollution and transformation of 
natural waters under influence of atmospheric precipitation are relatively of local character. Mining of 
gold, tin, diamond and other minerals leads to appearing of big masses of mining materials and rocks, 
as a rule, thin-dispersed high-iced sedimentations, in a zone of hyper-genesis. Instead of natural 
erosion-stable permafrost landscapes, there being formed anthropogenic unstable relief on a cryogenic 
foundation, which is subjected to intensive thermoerosion.  
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This causes activization of physics-chemical and bio-chemical processes, rapid hypergenic 
transformation of a substance, its intensive entering in the river systems. Technogenic flows carry a 
great number of mineral suspensions, the capacity of which considerably exceeds ionic flow. 
Therefore, natural correlation between solid and liquid flows is being broken. Modules of flows of 
capping mass amount to 10 000-15 000 t/sq.km, which exceeds figures of the most erosion-dangerous 
areas of the world (loess areas of China). Suspended precipitation of technogenic drains contains a 
huge set of chemical elements, which arc type-morphing for holding rocks and often toxic. Increase in 
air temperature and natural drams is accompanied by sharp increase in erosion and capacity of 
suspended flow, growth of concentration in mineral suspension of heavy metals by I or 2 units. 
Natural geochemical anomalies related to accumulation or deficit of chemical elements in rocks, soils, 
natural waters, vegetation are widely spread in the Arctic zone of Yakutia. They may cause natural 
biogeochemical endemias. The examples of natural concentrations dependent on features of 
geological structure are accumulation of toxic elements like arsenic and mercury in terrigenous 
formations and components of hypergenesis forms (soils, bottom sediments, natural waters, 
vegetation), in the Upper Yana and Kolyima (Verkhoyano-Kolyimskaya) fold area, accumulation of 
fluorine in ground waters of the Yakutsk artesian basin, and wide distribution of caries among 
population of Central Yakutia. Clear deficit of chemical elements in natural environment occurs in 
several regions, for example, negative anomalies of B, Ni, V, Ti, Li, Y, Yb, Ga in the Quaternary 
deposits and soils of the Vilyuiski alas province. Direct relationship between distribution of the 
Vilyuski encephalomyelitis endemia and geochemical features of the region is observed. Moreover, 
endemia epicenters coincide with anomalous geological and geochemical features. 

Enormous amounts of chemical elements and compounds enter natural landscapes in the result of 
anthropogenic activity. Migratory fluxes of a series of elements - Pb, Hg, Cd, C, Cl, associated with 
human activities, exceed considerably scattering level of the same elements associated with geological 
processes. Hence, geochemical changes of natural landscapes are often caused by technogenesis.  

There being formed technogenic lyto- and hydrogeochemical flows, stretchingin hydro-net for tens 
and hundreds of kilometres. Maximum length of flows is characteristic of oil products and phenols. 
Hydrogeochemical anomaly of sulphates, chlorides and heavy metals in big transit rivers is of local 
character. However, in many cases technogenic flows in river systems (the Omoloi, the Khroma and 
others)reach the shelf of northern seas. As a majority of built-up areas of the North has no refining 
structures, a sewage gets into the rivers without disposal. Drains are polluted with oil products, 
organic elements, compounds of nitrogen, chlorides, sulphates, heavy metals. For example, it is a 
territory of the largest in Russia tin and ore mining and concentrating industrial complex in Deputatski 
region. Its area of damaged geosystems makes up about 15%, and, when the state of natural systems is 
considered as catastrophic, it makes up 3,5%. Even, when there are no mining works on deposits, 
numerous damages in frozen landscapes (dump of rocks, quarries, trenches, etc) remain as sources of 
high technogenic pressure on the environment for a long time. Therefore, water systems are polluted 
with polluting elements, mainly, thin-dispersed material. 

Technogenic influence on environment essentially changes hydrogeochemical state of water systems. 
It leads to polluting underground waters, especially, fresh waters. Regional frozen water stop, which 
is located at a small depth under the ground, and low air temperatures cause special hydrogeochemical 
situation of northern territories, wide development of cryogenic transformation of underground 
waters. Processes ofcryogenic transformation of underground waters are directed at increasing their 
mineralization, forming salt waters, sometimes even brines, accumulating heavy metals. Under 
conditions of difficult waterchange there occure highly mineralized underground waters, which do not 
freeze at low temperatures characteristic of grounds. Polluting above-frozen earth waters - a big threat 
to the deepest water horizons, as there is a hydrogcochemical connection between them. Soils, 
considered as "a self-purifying filter" of the nature, in many ways lose their disinfectant property in 
northern regions due to a small capacity of a profile, weak drainage, annual freezing, polluting 
elements and a short period of biological life. These peculiarities influence hastening processes of 
polluting soils in zones of technogenic pressure. In comparison to technogenic wastes, getting into the 
atmosphere, the pollution of soils takes place on a limited number of territories and differs by 
relatively less contrast of anomalies. In soils of built-up areas there formed polycomponent anomalies 
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with high concentrations of Hg, Pb, S, CI, Cu, Zn. A spectrum of chemical elements, forming part of 
technogenic lyto-chemical anomalies, connected with mining indusrty, reflects peculiarities of a 
chemical composition of a mineral and holding rocks. On deposits of gold these are Au, Ag, As, Cu, 
Pb, Zn, Sb, Hg; on deposits of tin - Sn, Mo, Cu, Pb, Zn, Hg; on deposits of diamonds - Cr, Ni, Co, 
Mn,Ti. Constantly extending technogenous biogeochemical provinces characterized by high 
concentration of typomorphic elements: Pb, As, Cd, S, C, N, Fe, Mn, Hg have been formed around 
urban zones, many industrial works, and rural areas. 

For instance, polyelement technogenous geochemical anomalies are formed in all natural 
environments in the area of Yakutsk, one of the largest Subarctic cities, : in atmosphere (gases, 
aerosols, dust) - CO2, NO2, SO2, H2S, Pb, Cu, Mn; in surface water (rivers, lakes) - SO4, Cl, NH4, 
NO2, Cu, Sr, Mn, in soil cover - Hg, Zn, Pb, Cr, Mn, Cu, TR, Cd; and are distributed far outside the 
city boundary (Makarov, Venzke, 2000). 

Direct relationship between concentration of lead in bioenvironments (blood, hair, etc.) and incidence 
of disease among population can be observed even in rural areas of Yakutia. That is because of usage 
of lead-containing fuel and its accumulation in the biosphere. 

 

Conclusion  

As a result of the environmental impacts of human activities in the high latitudes of Yakutia, 
tremendous amounts of chemical elements and compounds are emitted into the environment and the 
natural geochemical equilibria in permafrost landscapes are disturbed. Geochemical aspects of the 
ecological problems encompass all the geospheres. The unfavourable geographical location and harsh 
climate of Yakutia add to the adverse impact of industrial activities on the ecology of the region and 
human health. 
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Introduction 

There are perhaps only few places in the world that are so synonymous with grave ecological disaster 
as Novaya Zemlya. In addition to the infamous Bikini (USA) and Moruroa (France) atolls in the 
Pacific Ocean, this archipelago became another tangible symbol of an impending nuclear nightmare 
beginning in the mid 1950’s. When the largest explosion ever to shake the earth was detonated from 
Novaya Zemlya in the fall of 1961, the archipelago earned its image as a nuclear wasteland.  

While the 1961 event was likened to the horrible explosion at Hiroshima and Nagasaki, Japan, in fact, 
the Russian explosions occurred in very different circumstances. Unlike Japan, the remote Novaya 
Zemlya was sparsely populated due to its remote location. The few settlements on this archipelago 
were liquidated with the advent of nuclear testing. Altogether, about 340 people were evacuated and 
relocated in the north of mainland Russia. This unfortunate event enhanced the impression of an 
abandoned and isolated nuclear desert on Novaya Zemlya. The “iron curtain” further perpetuated this 
impression by precluding the dissemination of any official information. Moreover, Novaya Zemlya 
was off-limits to all scientific research for many years. This virtual vacuum of information on Novaya 
Zemlya gave free reign to rumors of fabled nuclear monster, such as furless reindeer, bears, and other 
mutants [Boyarski & Mazourov, 1999; Mazourov, 2000]. 

Methods 

The influence of global pollution as well as local activities including nuclear testing was one of the 
focal points of a study conducted in 1993-2000 on Novaya Zemlya Archipelago and surrounding 
areas. The study was a part of the research programmes of the Integrated Marine Arctic Expedition 
leaded by P. Boyarsky and of the Russian Heritage Institute. Materials for this paper were collected 
both as a result of three field studies carried out in 1993, 1994 and 1995 and from different literature 
sources. 

Results and discussions 

Recent investigations on Novaya Zemlya have confirmed that significant radioactive fallout affects 
only ten tracts and patches within the military base. During the nuclear testing conducted here, efforts 
were made to mitigate the radioactive contamination of Novaya Zemlya. For instance, all air tests, 
even the most intensive, were specially designed to avoid contact with the archipelago surface. 
Whether conditions, such as wind direction, were also taken into consideration to lessen the effect of 
local radiation. Although these tests contributed to global nuclear pollution, the radioactive fallout on 
Novaya Zemlya itself was kept to a minimum. 

Despite new findings, however, the myth about Novaya Zemlya as a nuclear wasteland still persists. It 
seems as if someone is poised to profit from this delusion. The question is who? Most likely it is those 
who envision Novaya Zemlya as a huge landfill  for  toxic  and  radioactive  wastes. The  
manifestation of such a landfill is not merely wishful thinking, but an actual threat to Novaya Zemlya. 
Unfortunately, this is not the only hazard. 

The pristine nature of the Novaya Zemlya archipelago for a long time remained unaffected by human 
activity by virtue of the large distance separating it from main economic zones and centres of 
colonization. Even the large nuclear weapons testing site known to have been exploited on Novaya 
Zemlya for 40 years failed, despite the general belief, to induce serious damage to the local 
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environment and natural and cultural heritage (Arctic Pollution…, 1997; Boyarski & Mazourov, 
1997; Mazourov, 1998; Prokosch, 1999). 

Thanks to its remoteness from populated regions and industrial zones, Novaya Zemlya’s pristine 
natural heritage has endured through the ages. Yet today, human footprints on this land are becoming 
more evident. A recent study identified that natural resources on Novaya Zemlya are currently being 
used in many ways, including seasonal fishing; poaching of polar bears; tourism, including 
ecotourism, led by both Western companies and Russian scientific organizations catering to 
expending interests in the Arctic; ship traffic in the coastal waters and harbors; helicopter landing 
strips; and scientific and military investigations, new technology experimentation. 

To-day, however, the situation tends to be drastically changed due to a number of emerging and 
potential ecological risk factors such as: 

• development of hydrocarbon resources in the Barents Sea; 
•  development of mineral resources on certain islands of the archipelago; 
•  radioactive dumping in its off-shore waters; 
•  storage of highly toxic wastes, especially chemical and radioactive refuse, on the archipelago; 
•  progressively increasing water pollution along the entire extent of the North Atlantic Current 

system, deposition and accumulation of contaminants at the western coast of Novaya Zemlya; 
•  increasingly intensive utilization of the Northern Sea Route for navigation facilitated by global 

warming, setting aside other contributing factors; 
•  disintegration of the soil and plant cover in case of extensive tourist development. 

A classified proposal to construct a landfill for nuclear and chemical waste in the southern part of 
Novaya Zemlya poses on especially great environmental hazard. We wonder if environment interests 
will be taken into consideration in the event that this project, or any other, is implemented? 
Undoubtedly, Novaya Zemlya’s future depends on the shattering of its reputation as a nuclear 
wasteland, replacing it instead with a picture of wild, untrammeled nature. 

Conclusions 

The remoteness of Novaya Zemlya from main centres of human activity may be expected to 
guarantee, for a long time, ecological safety of the archipelago. On the other hand, however, this fact 
coupled to the absence of the local human population can provoke the choice of Novaya Zemlya for 
the implementation of ecologically most dangerous projects such as the use of Yuzhny Island for the 
storage of radioactive wastes that has for many years been discussed in this country. Unfortunately, to 
the best of our knowledge, the authors of the latter project are more concerned with economic benefits 
than with environmental consequences of its implication for the situation in the region. 
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Introduction 

To preserve the unique natural and cultural values of the Russian Arctic as a phenomena of biological, 
landscape and cultural diversity of indigenous peoples and as attractive destination for a tourism 
should be considering as a focal point of the state environmental policy at the above region 
(Amirkhanov,  1997; Boyarsky, Mazourov & Zakharov, 1997; Nikiforov, & Mescherskaya, 1999). 
This study shows the first results of heritage sites conservation policy, its lessons and outlook. 

 

Methods 

Original methodology of heritage was used. The main background of this methodology or a concept is 
an appeal to interpret nature values not as a resource but as a heritage, or in other words as a priority 
value belonging to all the generations of people – past, present and future ones (Boyarsky & Liouty, 
1994; Boyarsky, Mazourov & Zakharov, 2000; Gawronski et al., 1997). 

 

Results and discussions 

Here and hereafter, under the term "heritage" is meant an integral factor involved in the formation and 
development of ethnos, materialized in natural and cultural objects and phenomena, and manifested in 
geodiversity. Heritage sites are distinct from other natural, cultural, and historical features by the 
following characteristics: greater value (their loss is irreparable), a real threat to their existence, and 
the presence of a heritage subject. 

The above definition of natural heritage does not include all natural values and phenomena 
indispensable for the formation of ethnos' living conditions (e.g. natural resources proper). It implies 
only those natural objects, which carry information and are at serious risk (either real or potential) of 
extinction or disintegration with unpredictable consequences for the environment and man. 

Analysis of problems pertaining to heritage conservation in the Russian Arctic leads to the following 
conclusions and recommendations: 

1. Most of the existing protected natural and cultural areas have been designated to secure natural, 
historical, and cultural heritage in developed regions, and their protective status is not always 
compatible with the objectives of heritage conservation in newly-developing regions. The main 
difficulty consists in that the majority of nature reserves in the Russian Arctic have their territories 
totally exempt from the traditional use by indigenous peoples. On the other hand, the experience of 
many countries  indicates that the heritage specimens of indigenous minorities artificially preserved 
in national parks has nothing to do with their living culture, being nothing more than window-
dressing. 

2. Enthusiasts of heritage conservation in developing regions must take into consideration 
increasingly widespread evidence of "neo-traditionalism" in populated areas and global 
responsibility imperative in areas having no resident population. 

3. In compliance with a priority criterion of territory population, all conceivable types of protected 
areas in developing regions should be classified into "traditional", i.e. established and functioning 
in conformity with the present Russian legislation and international law (nature reserves, 
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sanctuaries, national parks, etc.), and "non-traditional" ones. It is proposed to define territories 
included in the latter category by the term "heritage reservation". 

4. Regulation of the establishment and functioning of protected areas in developing regions implies 
special emphasis on specific features of individual heritage reservations as opposed to a popular 
trend towards their unification. 

The practical approach to the heritage conservation in the western sector of Russian Arctic is 
exemplified by the establishment of protected heritage reservations at the territories occupied by 
indigenous northern peoples (e.g. on Vaygach Island) and a national park on uninhabited islands in 
the Arctic Ocean, first of all on Novaya Zemlya (Boyarsky, Mazourov & Zakharov, 2000; Mazourov, 
1999, Mazourov, 2000 ). 

 

Lessons 

In spite of rather short period of essential attempts to provide nature conservation as an indigenous 
peoples heritage policy we may yet to formulate its first lessons.  

The gained experience we’d like to pass on is as follows:  

1. natural values of the Arctic should be considered (interpreted, evaluated, etc.) first of all as a 
heritage, not a resource for consumption;  

2. heritage of the Russian Arctic is under numerous factors of risk becoming more and more stronger;  
3. Russian Arctic is connected with many regions of the Earth by numerous ecological, economical 

and cultural links;  
4. pristine nature of the Arctic is our common heritage of all the humankind, to preserve it is a global 

challenge and moral dilemma for peoples of the Earth;  
5. preservation and rational use of the heritage is one of the main preconditions of sustainable 

development and particularly in the Arctic;  
6. network of protected areas, including multifunctional ones, is the most reliable base to preserve a 

heritage of the Arctic, that is why it’s so important to establish the first national park in the Russian 
Arctic.  

We have to indicate as well the most instructive mistakes made: 

1. insufficient promotion of the heritage concept among specialists and public;  
2. insufficient lobbing of the national parks concept for the Arctic in Russian federal authorities;  
3. limited contacts and insufficient support from nongovernmental organizations, both national and 

international. 

 

Conclusions 

Conservation of heritage sites in the Russian Arctic provides the following outlook and output both 
for indigenous peoples and all the nation: 1) much better state of habitats of wildlife, including species 
listed in Red Books (e.g. polar bear) and numerous migrated species, mainly birds (Mazourov, 1999); 
2) much better state of environment because of protecting of many essential factors of risk, including 
these of nuclear pollution and mining (Linking Tourism and Conservation…, 1998); 3) good 
conditions for development of a tourism, including ecotourism (Grenier, 1998); 4) much better 
conditions for international communications and cooperation in the field of nature studies (global 
warming, pollution, monitoring, etc.) for goals of sustainable development (Mazourov, 2000). 
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Introduction 

The problem of forming labor collectives in complex ethnic environment tends to become more 
serious than before during last decade. Studies concerning this problem acquire special relevance in 
context of international industrial development of the north. Finding solution for employment 
problems is of high importance for development of oil and gas deposits for it is accompanied with 
pasture-grounds alienation from nenets - reindeer herders for whom herding is basic part of their life. 
Formerly developed concepts do not satisfy present social conditions. Growth of migratory flow out 
of the north to the central part of Russian Federation proves this thesis.  

Empirical data collected during forwarding examinations of northern provinces has enlarged 
knowledge about conditions of forming of labor collectives in Russian North. Various regional 
examinations of the social phenomens give possibility to evaluate nature of northern migration and 
migrants. For the last decade, migratory processes were boosted due to the great social changes.  

Suggested project of forming labor collectives in complex ethnic environment of oil extraction zone 
in northern Russia has some advances, in comparison with foreign scientific elaborations of the 
question, thanks to better knowledge of mentality of inhabitants of the Russian north. The project is 
aimed to work out ways of cooperative work on oil extraction, provide higher level of ecological 
security and traditional land using preservation. 

 

Methods 

In this paper was used officially published statistical data on population employment and migration in 
regions of European part of the Russian North. Also analysis of governmental instructions aimed to 
provide settles from the north with employment and dwelling and trace of its execution was 
undertaken.  

 

Results and Conclusions 

On the coast of Barents sea near Finnish and Norwegian borders live Russian people called pomors. 
Russians were settled in basins of large northern rivers – Northern Dvina, Mezen, Pechora. Russians 
are the ethnic majority on the Russian part of European north. Russians also live on the territories of  
the majority of economies situated in Nenets autonomous region. Ethnic composition of most 
settlements is heterogeneous. Besides, except Russians on the same territory reside Karels, Veps, 
Jakuts, Komi and other nationalities. Mostly homogeneous ethnic composition can only be found in 
Malozemsky area of Archangelsk region. Nentsy are the majority there. Kola Saami are concentrated 
in Lovozerski area of Murmansk region. 

Because of fast mining industry development in the Barents sea region great migratory flow from 
southern territories of Russian Federation appeared. Most of newcoming population settled 
permanently. They have established industrial mining complexes and northern cities. At present time 
Barents sea region appears to be an area with complicated ethnic structure. People belonging to 
different ethnic groups have different concerns about environment, ongoing industrialization of the 
region they reside in and life itself. Indigenous peoples are spread widely on the territory of Barents 
sea coast but their settlements are not situated as compact enclave and appear to be quite dispersed. It 
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is specific for this region. Another specific outline of the mentioned territory is high level of industrial 
development rates. There are over 300 towns and rural settlements in the north of Archangelsk region 
and over 200 in Murmansk region. By the early 1990s population quantity greatly increased and 
reached 1 million people in both named regions. Due to urbanization number of rural population 
lessened. However, old resident and indigenous population is still occupied in land using, agriculture 
and fishery. Popularity of agriculture is testified by collection of high harvests of potato (13 tons per 1 
hectare) and cabbage (20 tons per 1 hectare) by households. Nearly 8 thousand hectare of land in 
Barents sea coast region is occupied for vegetables and potato planting. Grown this way gives to the 
dwellers of the north possibility to partly provide themselves with vegetables for winter. Newcoming 
population is occupied mostly in mining and oil extracting industry. With appearing of urban 
settlements part of the population became employed in sphere of education, medicine, culture and 
trade. 

Indigenous peoples are now characterized with low rate of population growth, high birth rates but 
even more higher death rates. Natural growth calculated on 1000 people for Saami is equal to - - 6, for 
Nentsy - -34. Up to 1990s 3-4% of native population were employees and workers and 50% were 
occupied in agriculture.  

Several years ago, in opposite to present days, rural workers in the Russian North was guaranteed for 
high wages and  regular vacations. System of collective economies was the socium that helped 
northerners to struggle with northern difficulties. During recent years most of collective economies 
were ruined. People unemployed in agriculture cannot find any other job. Alienation from traditional 
activities instigates growth of unrest and deviant behavior. 

Actually, old resident population appears to be not ready for economic changes caused by ongoing 
industrialization. To adapt to new conditions residents of the north will have to change their living 
values. In need of psychological orientation variation are both native population and newcomers. In 
the middle 1990s economic difficulties in the north forced specialist to leave. During the last decade 
migratory saldo in the north was negative. Causes of population outflows are high prices, low wages, 
bad dwelling quality, problems with goods delivery, high transport costs. Highest level of migratory 
outflow from the North was registered in 1994. Migrants from former Soviet Union republics (now 
parts of CIS) tended to return to their homeland.  Newcomers to the north are, in general, Russians 
and those who leave - representatives of other nationalities. Over 50% of migrants – men younger 
than 30 years old. Average duration of living in the north is 5 years. Short period of specialist 
contracts provides continuous migratory flow “from and to the north”. Thus, migration is 
characterized by high level of mobility.  

To find solution to the problem of northern migrants settlement in the central part of Russia, 
according to the federal law of Russian Federation “About distribution of dwelling construction 
subsidies among regions of Far North” adopted in 1995, there was to be provided 250 billion roubles 
for realization of dwelling construction for north outcomers program in the regions with fair climate 
conditions. Those sums were to be distributed between 18 subjects of Russian Federation. According 
to the program 44,7% of the entire subsidy was intended for migrants from European part of the 
Russian North. This sum was divided with the following percentage: 17,8% intended for migrants 
from Murmansk region; 16,8% - Komi republic; 3,6% - Archangelsk region; 5,9% - Nenets 
autonomous region. Such a distribution points to the fact that funds are being allocated mostly to 
support migration from industry developed regions of European part of the Russian North. Taking 
into account formed traditions of vertical migration, it makes no surprise that most of migrants from 
the north tend to settle in most developed cities of central Russia. In particular, during last 5 years 
noticeably increased north originated migratory flow to St. Petersburg and Leningrad region. This 
observation is proved by statistical data showing quantity of newcomers from Murmansk and 
Archangelsk regions being constantly increased.  

Additional funds to support settlers are set annually but they, however, are not appropriate to satisfy 
needs of all northerners who wants to change location. Due to sums incoming from federal budget are 
not targeted to concrete enterprises or branches of industry this are local authorities who are 
responsible for the order of subsidy distribution. Since enterprises are becoming bankrupt 
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occasionally large amount of northern population becomes jobless. People cannot leave by themselves 
due to transport costs being too high. 

Moreover, after prolonged living in far north settlers are in need of special adaptation conditions and 
for people in the age of 40 and older migration is accompanied with health worsening because of 
problems related to acclimatization. Solution of problems linked with adaptation of northerners 
requires additional subsidies to organize special medical support in the region of settlement that 
federal budget cannot sustain. 

New economic conditions raise new specific employment problems in both region of outcome and 
region of settlement. Reprofiling of northern enterprises requires significant  investments, hence, level 
of unemployment in the northern regions will elevate and, consequently, migration from the north will 
continue to grow. Migratory flow will consist of  highly skilled professionals whose employment and 
dwelling in the region of settlement is guaranteed, youth leaving in order to get education and people 
adapted in the north unsuccessfully. In near future, old resident Russian population will be 
represented by pre-pension personnel and those who did already reside. Indigenous peoples are settled 
separately in rural areas and oriented on traditional agriculture. Only the small percent of them is 
employed in industry, medicine, education and trade.  

At present time, Russian industrial north is loosing its labor reserves. Opposite migratory flow from 
central parts of Russian Federation can be formed only with foundation of more favourable economic 
conditions. 

Thus, furthercoming global tasks of Russian North development are related to questions of new labor 
collectives formation in concern of better everyday life conditions and job organization.          
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Establishing indigenous settlement system and traditional land using in 
Russian arctic oil and gas extraction zone 

 

Tatyana Gorokhova 
 
St.Petersburg State University, 188507, Novoselye 15-58, Lomonosov, St.Petersburg, Russia 
 

Introduction 

The new century requires the new approaches to problems of house building and reconstruction of old 
dwellings in northern cities and settlements. To improve effectiveness of building unified plan of 
construction works needs to be worked out. It should take into consideration specifics of climate and 
traditional activities of indigenous population of the north. Also new northern private and industrial 
construction should be focused on liquidation of disadvantages existing in northern settlements and 
providing comfort for native inhabitants and visiting specialists who have come to work on oil and 
gas extraction. 

At the moment engineering infrastructure of occupied area in the Russian north is developed 
insufficiently. The following set of engineering problems can be found in indigenous settlements: 

• Heat supply provide less then 50% of needed 
• Most of surface water reservoirs are not suitable to provide fresh water due to pollution and 

require special cleaning. There is no sewage system. Not being cleared waters are thrown off into 
local water bodies.  

• Indigenous settlements disposed in gas extraction area are in lack of gas supply network.  
• Energy supply facilities do not provide enough power to satisfy needs of population.  
• Means of communication are old and not compliant with modern standards. 

 

Methods 

Proposals to settlement foundation are based on new city construction codex of Russian Federation 
worked out in May 1998. In March 1999 object monitoring standards for city construction in the 
Russian North were accepted. Aforementioned papers were used for northern settlements planning.   

 

Results and Conclutions 

Finding solutions for indigenous settlements problems is envisioned in the project “Northern 
factorias”. 

Indigenous people spend lots of time far from settlements. Factorias (or trading stations) – also 
function as temporary dwellings for them. Factorias are part of northern oil extraction zone area 
organization. These stations are to be placed on reindeer herding routs and in fishing areas. Factorias 
are to be performed in 3 types: ordinaries, abutment and baseline. 

New settlement system will increase effectiveness of traditional land using and improve life 
conditions of indigenous population. Temporary settlements of oil-industry workers can be integrated 
into the system of social security in the north. 

First factorias were established in 16th century They served as centers on trading routes. During 
soviet period due to economic ties disruption most of trading stations disappeared. Modern indigenous 
peoples social regulation policy is directed on reconstruction of traditional style of land using and 
trading stations rebirth. factorias were founded on herding routs and near fishery suitable water 
bodies.  
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Reindeer herders, hunters and fishers spent part of their life far from settlements. It is essential to 
make encampments to rest, that means temporary dwellings are needed. Trading stations function as 
such temporary dwellings.  

Depending on purpose factorias may be performed in 3 different types: ordinaries,  abutment and 
baseline. Baseline type factorias carry out primary training of native specialists for leading traditional 
activities. Baseline factorias contain coordinative methodological center intended to raise skills in 
northern crafts and center of nomading population health monitoring. Also baseline factoria is 
equipped with means of communication, transport and medical aid. 

Main requirements for foundation of baseline factoria are supposed to be the following: 1. ability of 
water transport usage 2. presence of permanently settled population 3. Indigenous population 
involvement possibility 4. baseline factorias are to provide assistance to up to 4 abutment ones 
situated in 30-200 km radius.  

Abutment type factorias are equipped with trading post, storehouse, medical or first aid room, rooms 
for elementary school and training craft skills and other facilities. Every abutment factoria provides 
assistance to 2-3 ordinary ones situated in 30-120 km radius. 

Ordinary type factorias are to provide first necessity goods trade, primary processing and storage of 
traditional crafts products, first medical aid and children pre-school training. 

Most of ordinary factorias should be placed in 60 km distance from baseline or abutment one. 

Factorias location should provide seasonal transport communications via water transport in summer 
and via roads in winter. Three level structure of northern factorias provides the ability to create 
convenient conditions for nomading reindeer herders, hunters and fishermen. Temporary settlements 
oil and gas extraction workers may become integrated part of social structure. Medical, technical and 
cultural attendances in factorias can be enlarged in order to serve the entire population. Development 
of oil and gas deposits provides conditions for solution of great amount of industrial, ecological and 
common tasks. Alongside, the main problem – energy and heat supply improvement can be salved. 
Northern dwellings heating is supposed to be performed with the help of heat supply systems using 
liquid or gaseous fuel. For individual usage purposes ceiling or wall installed infrared based heating 
sets can be used.  

Energy supply of temporary settlements is supposed to be performed with the help wind powered 
generators.  

Digital equipment will be used to provide means of communication between factorias. Such 
communication devices should be also set up in meteorological stations, medical rooms and other 
objects of high importance. In addition satellite communication will be operational.  

Leading ecological problem of northern settlements is water supply and water refresh. Considerable 
part of drain waters causes pollution of local water bodies. Drain waters and sewage are sources of 
polluted waters leading to northern seas. Drink water is being delivered to consumers without 
preliminary refreshing. To the distant from water bodies settlements fresh water is being brought in 
barrels. Existing water-pipe systems need to be replaced. Drink water quality doesn’t meet ecological 
norms. The solution for named problems according to the project “Northern factorias” will be reached 
by creation of totally new water-pipe systems and refresh facilities. Another problem that can be 
hardly avoided during water pipe systems construction is perma-frost and sands as far as they too 
unstable. In most cases ravines met on the way of the pipe make linear communication construction 
impossible. Ground enforcement requires considerable expanses. Everage cost of factoria foundation 
is 5,3 million USD. 

Factorias are the section in the area organization of oil and gas extraction zone. They are supposed to 
be placed on herding routs, close to fisheries and on the way to temporary settlements of oil and gas 
extraction workers. Factorias distance of settlements is determined by industrial and everyday life 
requirements. Factorias are performed in 3 different types: ordinary, abutment an baseline depending 
on tasks of complex socio-economic and ecological development of the territory that local authorities 
are facing.  
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Key features of territorial management strategy of municipal administrative formation are the 
following: 

- Regional land using. This principle is being realized according to the norms of ecological land 
using. 

- Priority of indigenous peoples traditional activities development 
- Establishing of factorias is compliant with the standards of dwelling construction in conditions of 

cold northern climate 
- Compensation for damage inflicted during mineral deposits development shold be directed on 

ecological balance maintenance 
- Sums collected as taxes on biological resources and mineral deposits development should be 

spent to support social programs 
- Preliminary financial support should provide “Northern factorias” project starting and to assist in 

forming of favourable conditions for creation of new settlement system in the Russian North 
- New system will stimulate level of indigenous and newcoming population lifestandard to raise 

Fulfillment of “Northern factorias” project presumes several stages: 

1. to work out medical program. The goal of this part is to determine needs in medical equipment in 
order to provide ability for emergency medical aid in factorias. 

2. to form educational program for children of different age. The goal is to create special programs 
of education giving attention to knowledge of traditions and experience of survival in the north 
and to determine needs in rooms, equipment, textbooks e.t.c. 

3. to work out program of cultural interaction. This stage is aimed to determine problems in relations 
between indigenous and newcoming population and to carry out ways of making indigenous 
people familiar with achievements of world civilization.  

4. to elaborate programs of material security of factorias inhabitants. The goal is to determine 
amount of material values inevitable for survival in extreme northern conditions. 

5. to carry out programs of biological raw materials primary processing organization. Creation of 
primary processing of reindeer herding, hunting and fishery products projects assuming usage of 
modern equipment. 

Project “Northern factorias” provides common orientations for improvement of territorial 
organization in the north and is sufficient for successful realization in any northern region. The project 
can be improved with participation of foreign specialists. 
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A Community Based Wildlife Health Survey in Nunavut, Canada 
 

S. Sang*, G. Balch and C. Metcalfe 
 
*World Wildlife Fund-Canada, 245 Eglinton Avenue East, Suite 410, Toronto, Ontario, M4P 3J1, 
Canada 
Email: ssang@wwfcanada.org 
 

Introduction 
Arctic environments are undergoing rapid changes due to increased resource utilization, global 
climate change, and escalating anthropogenic contaminant levels.   During the past decades, extensive 
research has been conducted in the Arctic to identify anthropogenic compounds and related 
concentrations in the Arctic ecosystem and inhabitants.  These studies facilitated a better 
understanding of contaminant levels and provided a valuable database to assess future trends.  In 
addition, they revealed alarming levels of organic pollutants and heavy metals in the Arctic 
environment, wildlife and humans.  Despite these new findings, little is known about the current 
health status of wildlife populations.  The current study is designed to address this knowledge gap.  

Protection of wildlife is paramount to the well-being and cultural survival of aboriginal people in the 
Canadian Arctic.  In recent years, Arctic residents who rely on these resources have become 
increasingly concerned about reports of contaminants in wildlife and the abnormalities 
(morphological changes and disease states) observed in the animals harvested.  Preliminary surveys of 
Inuit traditional knowledge confirmed changes in wildlife health and behaviour.  The Nunavut 
Wildlife Health Project 
(NWHP) is a pioneering 
collaboration between 
Inuit communities in 
Nunavut, World Wildlife 
Fund-Canada and Trent 
University.  This pilot 
project is designed to 
integrate traditional 
knowledge with scientific 
methods to assess the 
health status of wildlife in 
three northern 
communities (Figure 1).  
In addition, NWHP 
intends to initiate an 
action plan to enable the 
Inuit to develop policies 
and risk management 
options tailored to the 
needs and desires of 
individual communities.  

 

Objectives 

1. To establish Inuit community involvement with the goal of having community members 
eventually taking ownership and leadership in the project; 

2. To form strategic alliances with government and non-government organizations to increase the 
pool of expertise and resources required for assessment of wildlife health; 

 Figure 1.  Locations of three Arctic communities, Arviat, Coral Harbour, and Pangnirtung 
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3. To document traditional knowledge in an attempt to use this information as a historical record 
from which current and future changes in wildlife can be assessed; 

4. To develop a mechanism for the establishment of a baseline assessment of wildlife health in 
Arctic species which are important to Inuit communities.  This baseline data could then be used to 
monitor potential changes in population health; 

5. To establish a mechanism that will examine contaminant issues with the goal of investigating 
possible linkages between body burdens and health status; and 

6. To facilitate research into the development of biomarkers specific to Arctic species.  It is believed 
that biomarkers of exposure may provide early detection to subtle changes in the health status of 
wildlife populations. 

 

Methodology and Components 

Community Development - Community involvement and the transfer of knowledge are two of the 
most important aspects of the NWHP initiative.  Participation of indigenous communities is vital to 
the constitution of this undertaking.  The communities are strongly encouraged to play an active role 
in the design of the project and to take ownership of the endeavour (Figure 2).  The primary objectives 
of this component are to: 

1. Identify community concerns and knowledge gaps in wildlife and contaminant issues; 
2. Provide training in contaminant issues, wildlife health implications, sampling techniques, data 

interpretation, structure of scientific studies and limitations thereof; and 
3. Develop a community-based arrangement, which will enable communities to better manage their 

own affairs once the participation of WWF-Canada and Trent University has ended. 

 

Inuit Traditional Knowledge Survey - There is a lack of historical data concerning the health of Arctic 
wildlife beyond the past twenty years.  Northern aboriginal people take pride in their knowledge and 
understanding of wildlife.  Through thousands of years of observation, Inuit have amassed an intimate 
knowledge of what constitutes a healthy or unhealthy animal.  This unique wealth of knowledge plays 
an important role in identifying new abnormal conditions.  Traditional knowledge, combined with 
modern scientific methods, may also begin to explain the historical occurrence of conditions that may 
be new to science.  Thirty experienced hunters from the three communities are participating in the 
Inuit traditional knowledge survey.  Their knowledge of wildlife health will be documented through 
personal one-on-one interviews. 

 

Wildlife Health Assessment - The first step in effective surveillance of wildlife health is detection of 
abnormal conditions.  This requires familiarity with the normal/abnormal appearance of the species 
being harvested, anatomy and disease identification.  While Inuit hunters have intimate knowledge 
and first-hand experience of the biology of the species, the planned training workshops will provide 
additional skills needed in identifying disease states and abnormal organs under field conditions.  
Rigorous and consistent observation and reporting techniques, as well as the appropriate use of 
various tools and collection aids are also introduced in these sessions (Figure 3).  Ten hunters from 
each community will be engaged in documenting the health condition of their harvests, including 
polar bears, beluga whales, ringed seals, walrus, caribou and Arctic char.  In addition, general 
information such as body length, girth, and age of the animals will be collected.  

 

Investigating Linkages Between Body Burdens and Wildlife Health Status - Organ and tissue samples 
from Arctic char (30), ringed seal (20) and beluga whales (15) from each of the three communities 
will be collected to investigate the contaminant levels and histological conditions of the endocrine 
organs.  Although the sample size may be insufficient to establish a meaningful correlation between 
body burdens and wildlife health, this exercise will nevertheless test the methodology and establish a 
framework for future studies. This is particularly important given the significant knowledge gaps in 
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the current understanding of wildlife health status (disease status and abnormal conditions), which 
makes differentiating between normal and abnormal conditions difficult.  

 

Progress to Date 

The first two phases of the project, the traditional knowledge survey and training workshops, are 
currently underway. We are also in the process of the developing sampling protocols and sampling 
kits for the field surveys, which will commence in September 2002.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Figure 3. Training workshop for hunters 
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 Figure 2. Dialogues with community stakeholders 
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Arctic Air Pollution Measurements from The NOAA Barrow, Alaska, 
Baseline Station: 1973-2002 

 

Russell C. Schnell 
 
Director, Observatory Operations, NOAA/CMDL, 325 Broadway, Boulder, Colorado, 803035, USA 
 

Introduction 

Gas, aerosol, solar radiation and meteorological measurements have been conducted continuously 
since 1973 at the National Oceanic and Atmospheric Administration (NOAA) atmospheric baseline 
station located 6 km east of Barrow, Alaska, the most northerly point of land in the Alaskan Arctic.  
Airflow to the station is generally easterly bringing air to the site from over the Arctic Ocean.  In 
1983, 1986, 1989 and 1991, a NOAA WP-D aircraft instrumented similarly to the Barrow baseline 
station was flown across the Arctic basin upwind of Alaska for one-month periods in March-April in 
conjunction with similar programs in Norway and Canada to trace the origins, composition and 
radiative effects of Arctic air pollution commonly known as “Arctic Haze”.  In recent years, high 
quality satellite imagery has been used to follow air pollution and dust flows from Asia into the Arctic 
basin.  Measurements of gaseous, elemental and particulate mercury (Hg) were instituted at Barrow in 
1999 and the measurement of persistent organic pollutants (POPS) in 2001.   

 

Carbon Cycle Trace Gas Trends at Barrow, Alaska 

The production and combustion of fossil fuels releases carbon dioxide (CO2) and methane (CH4).  
Plant growth, respiration and decay (predominantly in the northern hemisphere) add and remove CO2 

on a seasonal basis.  The net result is that both the largest annual cycle and highest wintertime 
concentrations of CO2 on Earth occur in the Arctic as shown in Figure 1.  The global average increase 
in CO2 concentrations in the atmosphere over the past 25 years has been a fairly steady average of 1.5 
ppm/year.   

The atmospheric concentration of CH4 , on a global basis,  is highest in the Arctic all year around due 
to proximity to CH4  sources and the slower oxidation of CH4  in polar regions.  The global CH4  
annual cycle and distribution is shown in Figure 2.  The growth rate of CH4  averaged about 13 ppb/yr 
up to 1993 at which point it decreased to about one-half that rate.      

 

Aerosol Trends. 

During winter and spring, the Arctic basin is inundated with air pollution from Eurasia, and 
occasional pollution and dust flows from China in early summer.  These materials travel 10,000 km to 
Barrow where they are detected as elevated trace gas, black carbon, and aerosol particulate levels.  
The trend in the aerosol light scattering (nephelometer) measured at Barrow during April, a month 
when Arctic Haze is generally present on a regular basis, is presented in Figure 3.   From Figure 3 it 
may be observed that Arctic Haze air pollution peaked in the early 1980s and declined 50% by 1991 
coincident with the collapse of the Soviet Union.  It is suspected, but not proven, that this decrease is 
the result of lower effluents from decreased economic activity in the FSU.  Also, it could reflect 
changes in Arctic Basin airflow patterns due to shifts in the Arctic Oscillation (AO) which probably 
also occurred over this same time period.    
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Figure 1.  Three-dimensional presentation of the latitudinal distribution of CO2  from the CMDL cooperative 
network.  The large annual cycle and high wintertime CO2 concentrations in the Arctic are features of note.   
Alert and Ny Alesund are the most northerly sites in the network.   
 
 

 
 
Figure 2.  Three-dimensional presentation of the latitudinal distribution of CH4 showing that CH4 mixing 
ratios are 150 ppb higher in the northern hemisphere where anthropogenic and natural sources are 
predominately located.    
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Figure 3.  Aerosol light scattering coefficient at 550 nm measured at the Barrow, Alaska CMA DL 
baseline station for the months of April each year during the peak Arctic haze air pollution season.  
The monthly average is calculated from minute resolution data from clean sector data only.  A peak in 
1982 was followed by a decline in the late1980s through early 1990s coincident with the collapse of 
the Soviet Union economy.   
 

Advancing Snowmelt Dates In the High Arctic 

Snowmelt date has been recorded at Barrow for the past 60 years, first by the National Weather 
Service beginning in 1941 and by the Barrow Observatory beginning in 1975.  Over this period there 
has been a persistent trend of earlier snowmelt for the Barrow Station data. Coincidently, the date of 
the first egg laid by the Guillemot which nests on an island near Barrow has also advanced in a highly 
correla ted manner.  Snowmelt and first egg dates have advanced an average of 8 days since 1941, a 
very large amount considering the short length of the growing and nesting season in the Barrow area.  

 

Mercury Monitoring at Barrow.  

For the past three years elemental (Hg0), reactive gaseous (Hg2+), and particulate mercury (Hgp) have 
been monitored at the Barrow site.  We have observed that from polar sunrise through snow elemental 
mercury is converted to reactive gaseous mercury by photochemically produced halide radicals and 
deposited to the snow pack via dry deposition processes.  As a general rule elemental mercury 
concentrations are 1.5 – 3.2 ngm-3, but during mercury depletion events the concentrations drop levels 
as low as 0.05 ngm-3.  Reactive gaseous mercury is essentially below detectable limits before sunrise, 
but shortly afterwards climbs to 100 - 200 pgm-3.  However, there are momentary spikes in reactive 
gaseous mercury in the >500 pgm-3 range.  Particulate mercury concentrations of  >40 pgm-3 have 
been observed.  Concentrations for both elemental mercury and reactive gaseous mercury return to 
prior levels soon after snow melt. 
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Ozone and temperature profiles at Sodankylä in the period 1989-2001 
 

Rigel Kivi, Esko Kyrö, and Timo Turunen  
 
Finnish Meteorological Institute, Arctic Research Centre, 99600 Sodankylä, Finland 
 

Introduction 

The main motivation of stratospheric ozone measurements in the Arctic has been the concern about 
possible “ozone hole” formation. Thus wintertime campaign measurements have been conducted at 
several northern high-latitude sites since 1988 (Kyrö et al., 1992). However, there are only a limited 
number of long-term ozone sonde programs in the European sector of Arctic. Here we report the regu-
lar ozone observations conducted at Sodankylä, Finland (67 ° N, 27° E) during the period 1989 –
2001. First, we describe the ozone data homogenisation procedure. Secondly, we report the observed 
changes in ozone and temperature profiles and discuss the influence of dynamical and chemical fac-
tors on declining ozone levels and inter-annual variability as observed over the nineties. 

 

Observations  

In this study we have used all available ozone sonde profiles obtained between 1989 and 2001 at So-
dankylä. The frequency of balloon launches has been at least once per week, while there have been 
additional launches during winter/springtime campaign activities. The ozone sondes have been inter-
faced to Vaisala RS-80 radiosondes throughout the observations, the altitude resolution of the data 
recordings is approximately 50 meters. The benefit of the balloon-borne ozone sonde technique is the 
possibility to obtain high vertical resolution profiles of the lower stratosphere under almost all 
weather conditions and in the darkness of Arctic winter. At Sodankylä the ozone profile observations 
have been made by electrochemical concentration cell (ECC) type of balloon borne sondes (Komhyr, 
1969). In this cell the electrical current is directly related to the uptake rate of ozone in the cathode 
chamber. Out of the 6 different types of the ECC sondes (Harris et al., 1998) three latest types have 
been used at Sodankylä: SPC 5a and 6a (manufactured by Science Pump Corporation (Camden, New 
Jersey, USA)) and 1Z (manufactured by EN-SCI Corporation (Boulder, Colorado, USA)). 

Following the data quality assurance procedure we have applied some corrections in order to ho-
mogenise the data set. These corrections have been necessary due to changes in sonde types, data 
processing software and operation practices. Quality control of profiles was assured in the following 
way. First, the sounding profiles were checked out for technical problems such as gaps, low bursts, 
excessive noise or anomalous box temperatures. Secondly, the ozone values themselves were checked 
to detect anomalous mixing ratios as compared with the climatology and with PV-è mapping of avail-
able data in case of wintertime measurements. Finally, independent measurements of total ozone by 
Brewer spectrophotometer were used for data rejection, while the limits were 0.8 to 1.2. 
Homogenisation of the long-term data was performed in three stages. First we applied corrections for 
thermistor position. In case of the SPC 6A and EN-SCI 1Z sondes the thermistor is mounted in the 
pump in order to determine temperature in the volume of gas in the pump cylinder. However, in ear-
lier practices it was customary to measure the temperature at cathode inlet tube close to the pump. The 
relative difference between these temperatures, which will introduce the same relative difference in 
the final ozone data can be significant in the stratosphere as test-flight at Sodankylä have shown. An 
empirical correction formula derived from these flights has been used to correct for the changes in 
sonde types and operation practices. The second data correction was used concerning the change in 
ozone pump efficiency tables. In our case it only affects the data above 30 hPa during a period be-
tween October 1994 and January 1995. Finally, the data was adjusted to an independent measurement 
of total ozone (Harris et al., 1998), in our case the measurements by Brewer spectrophotometer. 

Vertically resolved long-term ozone change per season as observed at Sodankylä is summarised in 
Figure 1. The largest changes in lower stratospheric ozone have occurred during winter and spring 
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season. Ozone concentrations above 50 hPa have decreased during the period, while in the lowermost 
stratosphere the concentrations have increased. The sensitivity of the trend calculations to the chosen 
period is illustrated by adding another selection of years: 1989-1997 (dashed line in Figure 1). Clearly 
the last four winters contribute to the surprising increase of ozone in the lowermost stratosphere. This 
feature is well correlated to the decrease in tropopause altitude during these winters. From meteoro-
logical considerations it is indeed expected that as the tropopause descends the ozone concentration at 
lower levels should increase due to average vertical distribution of ozone. Further, we performed mul-
tiple regression analysis of the major terms affecting inter-annual variability and long-term behaviour 
of springtime ozone in the lower stratosphere where the changes have been the largest. It turns out 
that in this region the main contribution to the springtime ozone change comes from vortex ozone de-
pletion and changes in wave driving.  

Changes in ozone and dynamics are also reflected in temperature profile data as obtained by ra-
diosonde measurements. The strongest cooling in the lower stratosphere is indeed observed during the 
winter/spring season (Figure 2). It is also clear that chemical ozone loss is related to cold tempera-
tures in the Arctic vortex (Rex et al., 1997, Newman et al, 1997). If the cooling of the stratosphere 
continues, as presumably caused by the increase of greenhouse gases (Shindell et al., 1998) this would 
further decrease the ozone levels and thus would delay the expected ozone recovery (WMO, 1999). 

 

Conclusions  

We reported the observed changes of ozone and temperature profiles above northern Finland during 
the period 1989-2001. Our findings confirm the springtime decrease of stratospheric ozone levels over 
the nineties and corresponding cooling of the lower stratosphere. We find that the surprising increase 
of ozone in the lowermost stratosphere during the period of observations correlates highly with 
changes in the tropopause altitude. The inter-annual variability of springtime stratospheric ozone is 
mainly controlled by changes in diabatic circulation, tropopause altitude and vortex ozone depletion. 
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Figure 1: Observed change in ozone profiles (%/year) at Sodankylä for three seasons, the dashed line corre-
spond to the period 1989-1997, the solid line is for the period of 1989-2001, thin horizontal lines show the stan-
dard error of linear regression per each altitude level. 
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Figure 2: Observed change in temperature profiles (K/year) at Sodankylä for three seasons, the dashed line 
correspond to the period 1989-1997, the solid line is for the period of 1989-2001, thin horizontal lines show the 
standard error of linear regression per each altitude level. 
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Introduction 

Polar stratospheric clouds (PSCs) play an essential role in chemical chlorine activation and subse-
quent ozone depletion in the polar stratosphere (WMO, 1999). PSCs are observed in cold regions of 
the lower polar stratosphere and are generally divided in two types based on their optical parameters. 
PSCs type II are large particles of primarily water ice, type 1 are typically smaller particles of mostly 
nitric acid trihydrate (HNO3 3 H2O -NAT, type Ia) or supercooled ternary solution droplets 
(HNO3/H2SO4/H2O –STS, PSC of type Ib). PSCs can exist if the temperature falls below the threshold 
values of TNAT, TSTS, Tice. In the northern high latitudes large inter-annual variations have been ob-
served in stratospheric temperatures during the recent winters. This in turn has altered the PSC forma-
tion potential and thus the magnitude of springtime ozone loss. In this study we present the highly 
related observations of PSCs and ozone as obtained at Sodankylä (67.4°N, 26.6°N) during three of the 
recent winters: from 1998/1999 until 2000/2001. The observations are presented in a year-by-year 
basis and then summarised in the last section of the paper. 

 

Methods  

At Sodankylä PSCs were observed by two types of instruments: balloon-borne aerosol backscatter 
sondes and a ground-based aerosol backscatter lidar. The lidar was operational in the winter of 
1998/1999, while the sondes were launched during each winter at times when PSC existence tempera-
tures were expected. The backscatter sondes used at Sodankylä are able to measure aerosol backscat-
ter at wavelenghts 490 and 940 nm with average vertical resolution of 30 m (Rosen and Kjome, 
1991). Aerosol backscatter ratio is defined as the ratio between total and molecular backscatter. The 
instrument signal noise in the stratosphere is approximately 1 %. A modification of the sonde pro-
vides also the cross-polarization measurements at 490 nm, which is useful in order to detect the phase 
of particles. Another method to distinguish between solid and liquid particles is to use aerosol color 
index, which can be derived from the two basic wavelengths (Larsen et al, 1997). In the winter of 
1998/1999 the lidar was assembled around a Nd:YAG laser with detection at 355, 387, 532 and 1064 
nm. The system allowed to determine the backscatter ratio (ratio between the total backscatter coeffi-
cient and the pure molecular one) at 532 nm, 355 nm and 1064 nm, and depolarization ratio at 532 
nm. The lidar and its subsystems are described in detail by Matthey et al., (1997). Ozone profiles were 
measured by ECC type of sondes (Komhyr, 1969), total ozone was retrieved by ground-based SAOZ 
and Brewer spectrophotometers. 

  

Observations  

In the winter of 1998/99 formation of PSCs type I were possible only during short events in the be-
ginning of December and around mid-February. At Sodankylä PSC existence temperatures were ob-
served in December 1998 for 2 % of all regular radiosonde launches, in January 0 % and in February 
9 % of launches reaching the 50 hPa of altitude. Aerosol lidar at Sodankylä detected PSCs just before 
the beginning of major stratospheric warming: on 2 December 1998. (Kivi et al., 2000). According to 
measured optical properties this PSC included water ice particles (PSC type II), although at least in 
synoptic scale analysis temperatures necessary for water ice formation were not reached. Formation of 
ice PSCs is known to be a very rare event in the Arctic in contrast to Antarctic observations. Arctic 
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ice PSC observations have been recently been documented by Vömel et al. (1997), Dörnbrack et al. 
(1999), Kivi et al. (2000) and Müller et al. (2001). During the other brief period of cold stratospheric 
temperatures in February 1999 PSCs were not detected. Therefore chemical processing on aerosol 
surfaces must have been limited in time and space compared to many of the earlier Arctic strato-
spheric winters in the 1990s. Due to less significant chlorine activation and enhanced transport of 
ozone-rich air into Arctic compared to winters of strong pola r vortex, relatively high ozone abun-
dances were observed during late winter/spring. At Sodankylä total ozone column of February- March 
1999 was in average 8% higher than long-term mean, main contribution to this anomaly comes from 
increased ozone mixing ratios between 450K and 500 K of altitude. 

In the winter of 1999/2000 temperatures in the Arctic lower stratosphere were colder than the polar 
stratospheric cloud (PSC) formation threshold between mid-November and mid-March. At Sodankylä 
PSC existence temperatures were observed in Nov for 2 %, in Dec 20%, in Jan 53 %, in Feb 33% and 
in March 21% of all regular radiosonde launches. January 2000 had the 3rd highest occurrence of 
monthly PSC existence temperatures in the long-term record since year 1965, whereas March 2000 
had record high number of PSC existence temperatures at the site. During the given winter the ob-
served layers of PSCs were 0.8 - 4.5 km in thickness and the altitude range varied between 15 and 25 
km. The PSC altitude showed decline throughout the season, which is in line with temperature obser-
vations; in November maximum backscatter ratio in PSC was detected at the 24.4-km altitude and in 
March at 16.7-km altitude. Compared to long-term records significant reduction of total ozone was 
observed during early March: between 1 March and 13 March daily values of total ozone column 
were in maximum reduced by 37%. Profile measurements by ECC ozone sondes showed highest re-
duction of ozone inside the polar vortex by 60 % at around 475 K. 

During the winter of 2000/2001 PSCs were detected at Sodankylä by balloon borne aerosol sondes 
during mid-January and early February 2001. The mid-January event was very unusual in terms of the 
large vertical extent of more than 8 km of the measured PSC layer (Kivi et al., 2001). On January 13, 
2001 maximum values of aerosol backscatter more than 200 at the 940 nm channel and high color 
index in the layers corresponding to temperature below Tfrost indicated the presence of water ice parti-
cles. Below the ice particle layer between 21 and 26 km of altitude the PSC composed mostly of STS 
droplets down to 17.5 km. A day earlier, the PSC of the same vertical extent composed mainly of STS 
droplets with thin layers of NAT particles. The PSC detected later in the season, during early Febru-
ary 2001, extended only from 19 to 21 km in vertical dimension and maximum backscatter ratio 
reached just 2 at 940 nm. The most striking stratospheric observation in the winter of 2000/2001 was 
made on 15 January 2001. During the polar vortex overpass and in association with a mountain wave 
event record low temperature of 176.7 K was recorded at 25.2 km of altitude. Between 14 and 16 
January, large-amplitude stratospheric temperature fluctuations were caused by the nearly uniform 
flow over the Scandinavian mountain ridge. The stationary flow for more than 12 hours allowed iner-
tia gravity waves to propagate into the stratosphere and caused vertically displaced isentropes at 
stratospheric levels far downstream of the mountains. The advection of cold stratospheric air and tro-
pospheric anticyclone beneath led to ozone column density below 250 DU on January 13. Large re-
ductions of total ozone were not observed later in the season in February and March 2001 in accor-
dance with relatively warm lower stratospheric temperatures during this period. 

 

Summary 

Meteorological conditions during the considered Arctic stratospheric winters were different from each 
other. This had an effect on PSC formation and thus potential for chemical ozone depletion inside the 
Arctic vortex. In 1999/2000 when polar vortex was stable for the whole winter, we detected PSCs be-
tween late November and early March. In the warmer stratospheric winter of 1998/1999 PSCs were 
observed only during early December and in 2000/2001 during mid-January and early February. Usu-
ally PSCs were detected when T < TNAT. Due to the geographical location most of our PSC observa-
tions were made inside the vortex, but close to the vortex edge region. A substantial part of the meas-
ured vertical profiles were altered by gravity waves of different amplitudes induced either by the jet 
stream or the Scandinavian mountains. In 1999 and 2001 we measured generally high ozone abun-
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dance, as these two winters experienced relatively early break-up of the Arctic stratospheric  vortex. In 
contrast, in spring 2000 substantial chemical ozone loss was observed in early March ozone profiles 
(maximum about 60% at 475K) and reduction in total ozone column data (max 37%). According to 
the present understanding persistent cold stratospheric temperatures and formation of PSCs can lead 
to record low ozone values in the Arctic at least during the next 10-15 winters. Therefore it would be 
necessary to continue ozone and polar stratospheric cloud measurements at Arctic sites during the 
coming years.  
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Introduction 

Behavior of the surface ozone concentration (SOC) is utterly changeable and depends strongly on 
many factors: season, local time, latitude, distance to sea, air pollution, vegetation, microrelief, 
precipitations, and others. Since the general laws, determining the ozone variations, are well known, 
but the diversity of parameters, which have an influence upon ozone changes, does not permit to 
define any universal patterns of ozone behavior. So model calculations realized for concrete 
conditions and specific objects can be enough effective. In this work we consider the specific features 
of ozone variations in industrial air of Arctic.  

It is well known that the production and loss of tropospheric ozone are caused by transport from the 
stratosphere and by photochemical reactions.  The most important reaction from a number of 
homogenous ones is the ozone production photochemically from precursors XO2 in presence of the 
catalysts NOx (nitrogen oxides NO, NO2) and UV radiation hν with the wavelength λ < 420 nm in 
reaction 

              NO + XO2 → NO2 + XO,                     (1) 
              NO + O3  → NO2 + O2,                        (2) 
              NO2 + hν → NO + O,                          (3) 
              O + O2 + M → O3 + M.                       (4) 

Here XO2 means HO2, CH3O2, RO2; RO2 are organic peroxyradicals (OPR); M is a third molecule. 
Factors controlling the generation of the tropospheric ozone are UV radiation intensity together with 
XO2 and NOx concentrations. Production of the surface ozone is caused by ultraviolet in UVA range 
mainly. Nitrogen oxides NOx are ordinary components of air pollution. SOC rate formation depends 
on XO2, NOx concentrations and UV radiation intensity by a nonlinear, complex fashion [Kondratyev 
and Varotsos, 1998]. In this paper the mutual transformations of small trace components (STC) and 
atmospheric pollution, and their influence on SOC at different levels of UVA radiation has been 
studied on the base of simple box chemical model and the corresponding experiments have been 
carried out. 

Model 

The principal features of the chemical transformation of different atmospheric species are researching 
in frame of the box model. Basic characteristics of the used simple model are presented in 
[Rumyantsev and Roldugin ,  2001]. The model includes 9 independent species which are O3, NO, 
NO2, NO3, N2O5, HNO3, CH3O2, PAN and HO2. These species interact with each other at 27 reactions, 
and three reactions are NO2 and NO3 photodissociation. It is supposed that oxygen atoms generated in 
the reaction (3) produce ozone mainly, because the characteristic time of reaction (4) for ozone origin 
τ(O) ∼ 10- 5 s is much less then the characteristic times for other interactions of atomic oxygen in the 
atmosphere.    

The solution of the chemical kinetics equations with dry deposition is finding in this model: 

          )(
)(
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h

niv
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p

i
ii

i +−−= , 

where ni – concentration of i component; Si and Li – sources and losses of component i in the chemical 
reactions; ν(i) and  h – the velocity of dry deposition and the height of mixing layer; Sp(i) – sources of 
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Figure 1. Numerical simulation of daily 
ozone variations in condition of moderate RO2 
concentration for two illumination levels and 
four NO pollution levels. See details in the 
text. 
 

NO and CO atmospheric pollution from car exhaust and others. Sources of an air pollution act during 
a working day: Sp(i) = const for 8h ≤ LT ≤ 17h, Sp(i) = 0 for any other local time LT. In this model the 
photodissociation rates are presented as functions of local time with the maximum at the noon 
accordingly to the experimental data [Lantz et. al., 1996]. The maximum values of these rates are 
equal to: J(NO2→NO+O)=6⋅10-3 s-1, J(NO3→NO2+O)=0.19 s-1, J(NO3→NO+O2)=0.016 s-1. The 
diurnal variation of hydroxyl concentration is presented as function of local solar time with the 
maximum at the noon accordingly to Goldstein et. al., [1995] and  Elanskii and Smirnova [1997] like 
the photodissociation rate. OPR is a product of the chemical interaction of voletail organic compounds 
(VOC) with hydroxyl. VOC is a component of atmospheric biogenic emission and anthropogenic 
pollution. RO2 concentration is equal to zero before sunrise and after sunset, and it changes as half-
sine during a day. The concentrations of H2, H2O, CH2O, CO, CH4 are taken up as the constants. 
These values are determined as the next meanings: [H2] = 500 ppb, [CH4] = 1600 ppb, [CO] = 200 
ppb, [CH2O] = 1 ppb, S(CO) = 5⋅10-3 ppb/s, the maximum value [OH] = 1.35⋅1012 m-3, temperature of 
air is 20°C. The diurnal variations of the height of mixing layer and the velocity of ozone dry 
deposition are taken from Staffelbach et. al. [1997] and Ganzveld and Lellieveld [1995] 
correspondingly. 
 

Numerical Results  

The species of atmospheric pollution assist to strong 
changes of STC. The atmospheric pollution exerts 
considerable influence on ozone, perhydroxyl HO2 
and nitric acid HNO3 above all. The ozone 
concentration may be changed significantly during 
working day when the injection of NO by industries 
and traffic takes place. It is determined by RO2 
concentration and UV intensity, first of all, whether 
positive or negative changes of ozone concentration 
will occur. 

Some results of the numerical modelling are shown 
in Figs. 1 and 2. SOC is shown here as function of 
local time at different levels of pollution rate of NO, 
OPR concentration and UV intensity. The sunrise 
time starts at 01h LT that corresponds to summer 
season northerly the Polar circle. The dotted vertical 
lines mark the beginning and the ending of working 
day. Fig.1 presents the results for relatively small 
RO2 concentration equal to 1⋅10-4 ppb, and in Fig. 2 
the RO2 concentration is taken three times bigger. 
Value of UV intensity is made allowance through 
the photodissociation rate, because the 
photodissociation of the atmospheric species is 
realized by the UV radiation. In each Figure the 
numerical results are shown for two values of UV 
radiation. These values correspond to two regimes 
of daily UV illumination of the atmosphere. 

Different values of UV intensity (strong and weak UV) have the meanings of 0.7 and 0.2 relative 
unity (r.u.); this unity corresponds to the NO2 photodissociation rate equal to 6⋅10-3 s-1. On each of 
panels of both Figures the calculation results are presented for four values of NO pollution rate: 1⋅10-4, 
5⋅10-4, 1⋅10-3and 2⋅10-3 ppb/s. 
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The ozone decrease from 00h to 02h LT caused 
by dry deposition is almost compensated by the 
ozone increase caused by solar illumination 
after 01h LT. It is seen that SOC has poor 
changed at the weak pollution rate 10-4 ppb/s on 
all panels. The SOC diminution during the 
pollution period is connected with the principal 
role of the reaction (2) in conditions chosen for 
Fig. 1 and for lower part of Fig. 2. This reaction 
leads to destroying of ozone; the ozone level 
recovery is possible at sufficiently high UV 
intensity in the reactions (3) and (4). Growth of 
UV radiation leads to increase of SOC during 
the pollution period as it is seen from 
comparison of both panels in Fig. 1. The 
combined action of high OPR concentration and 
UV intensity has entailed the SOC increase 
during the pollution period, as it is obvious in 
the upper panel of Fig. 2. High concentrations 
of precursors XO2 (partially OPR) and high UV 
intensity result the strong ozone generation via 
the reactions (1) and (3). These reactions lead to 
the SOC increase during the pollution period. 

General feature of ozone generation process is 
its higher effectiveness in the high pollution 
conditions than in weak ones. One can see in 
Fig. 1, that the surface ozone concentration in 
the weak polluted atmosphere almost does not 

depend on UV intensity. SOC rises quickly with the increase of UV intensity in the high polluted 
atmosphere.          

Experimental Results 
The model calculations are in a good accordance with 
experimental results obtained in the Kola Peninsula. 
The SOC measurements were carried out in Apatity 
city (67.5° N, 33.3° E) with high level of the 
anthropogenic pollution at summer 1999, and in 
Lovozero (68.0° N, 35.1° E) with weak one at summer 
2000. In Apatity the observations were produced on 
the car at the traffic road with high level of motor 
vehicle exhaust. Ozone concentration is measured with 
the chemiluminescent ozone analyser. The accuracy of 
measurements is nearly 15 %. The air was sampled 
from the altitude of 2 m above the ground level. The 
count rate of sampling in the device was 20 s. The six 
runs of the measurements during June 1999 were 
carried out. Duration of each run was 1 - 1.5 hours at 
afternoon. The geophysical observatory in Lovozero is 
situated at a distance of 90 km from Apatity in a forest 
tract. Industrial activity is absent in vicinity of the 
observatory. Here the measurements of SOC were 
carried out with DASIBI device. UVA radiation 
intensity was measured in Apatity with the serial 
device of Russian ozone network named M-124.  

Figure 2. The same as in Figure 1 but for three 
times bigger RO2 concentration. The UV 
intensities and powers of NO sources are former. 
 

Figure 3.  The UVA–ozone scatter 
charts for two situations: on the road near 
Apatity city (circles) and in the forest 
track near Lovozero (triangles). 
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Results of these two stages of the experiment are presented in Fig. 3. The correlation plots of 
experimental values are shown in this Figure. The triangles present the averaged values of the 
measurements in Lovozero during 12h-16h LT interval at May-August. The circles show the results of 
the ozone observations in Apatity averaged for each run. Two straight lines approximate the circle and 
triangle distributions by a least squares method. One can see that the circle distribution forms upper 
frontier of the triangles scattering. The slope of the solid line approximating the circles data is much 
higher than one of the dashed line approximating the triangles data. This Figure shows that there is the 
dependence between SOC and UV intensity in the polluted area (Apatity). SOC rises quickly with the 
UVA flux increase. In the area with the weak pollution (Lovozero) this dependence is significantly 
smaller. 

Conclusions  

The numerical valuations reveal that UV intensity growth leads to quick increase of SOC in the 
presence of high level of the biogenic emission (RO2) and anthropogenic pollution (NOx). Ozone 
generation occurs more effective in conditions of high polluted atmosphere. This result is confirmed 
by the observation in industrial (Apatity) and background (Lovozero) areas. 
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Solar UV-B irradiance of the Kola Peninsula and total ozone during 1998-
2001 
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Since 1998, the Polar Geophysical Institute (the town of Apatity, 67 grad 33 min N, 33 grad 20 min E) 
has been conducting regular measurements of solar UV-B irradiance at the earth surface (wavelength 
up to 315 nm) and total ozone, using a modified ozonometer M-124. The experimental results obtained 
are discussed in this work. 

To analyze the ozone layer state, the sequences of daily and monthly means of total ozone (over 15 
measurements per month) were treated. Fig.1 illustrates the time variation of total ozone monthly 
means at Apatity, Murmansk (filter ozonometer M-124), and Sodankyla (Brewer spectrophotometer) 
stations. For Murmansk station, apart from operational data sequences, the 1999 and 2000 data 
corrected at the Main Geophysical Observatory are presented. The thin line in Fig.1 shows climatic 
total ozone monthly means for Apatity station. Total ozone long-term means for the period 1974-1984 
are used as its climatic values. 

Fig.1. 

During 1999 and 2001, the springtime total ozone maximums were observed earlier than usual at all 
the stations and exceeded the climatic values by 25-35 and 15-20 D.U., respectively. In 2000, for 
the stations of Apatity and Sodankyla all the total ozone monthly means were reduced, the 
springtime maximums were 40-50 D.U. below the climatic values at all the stations. 

The 2001 monthly total ozone values for Apatity and concurrent total ozone values from the TOMS 
instrument are presented in Fig. 2. With the measurement errors and differences in the measurement 
techniques considered, one can state a good agreement between the data.  
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At the Central Aerological Observatory, we have developed an UV-monitoring system which allows 
estimating the climatic norm of UV-B irradiance in this geographic region for the given measurement 
times. This estimate uses climatic averages total ozone and total cloud amount. 

Fig.2. 

With operationally obtained total ozone and total amount of clouds employed, the technique used in the 
monitoring system enables estimating the operational values of the earth surface UV-B irradiance as 
well. To illustrate the potentials of the technique concerned, Fig. 3 shows the results of calculating 
operational and climatic values of UV-B irradiance as well as the measurement results at Apatity for 
June 9 and 21, 2001, when the total cloud amount was 10 and 0, respectively.  

Fig.3. 

The technique involved allowed us to assess the experimental results of the UV radiation 
measurements at Apatity and single out the time interval beginning from June 1, 2001 as suitable for 
further analysis. Subsequently we considered the data obtained on days when next four conditions 
were carried out: 1 - observations were made with an interval of not more than 2 hours; 2 – the total 
duration of observations was not less than 2 hours; 3 – 3 or more observations were conducted; 4 – 
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the time period of observations covered the moment when the sun height was maximal. Each 
observation was a series of 2 to 5 measurements with an interval of several minutes. For the days 
selected, the earth surface UV-B radiation exposure within the measurement period was estimated 
based on experimental results and calculated climatic values as well as the deviation of the actual 
exposure from the norm. 

A comparison of the estimated climatic norms for UV-B irradiance with actual measurement data 
provides information about the dynamics of the UV-B irradiance field on the Kola Peninsula and its 
correlation with the deviations of total ozone. 

Fig.4. 

The results of such a comparison, presented in Fig. 4, make it possible to characterize the Kola 
Peninsula UV-B irradiance during that period as normal. The mean deviations from the norms of total 
ozone and the earth surface UV-B irradiance for the June and early July of 2001 were 0.1 and 4.7 %, 
respectively. The correlation coefficient for these deviations was equal -0.35.  This proves the 
monitoring of the earth surface UV-B irradiance to be a separate and serious task. 
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The Arctic Research Centre in Sodankylä  

The Finnish Meteorological Institute - Arctic Research Centre (FMI-ARC) in Sodankylä (67°N)  has 
long traditions in meteorological, hydrological and geophysical recordings. During the last decade 
monitoring of the change of ozone layer and possible increase of UV radiation has been one of the 
main objectives besides traditional weather observations. Currently, the infrastructure allows research 
on themes related to the upper atmosphere, the boundary layer, atmosphere-biosphere interaction and 
UV impact. In research of upper atmosphere, the FMI-ARC functions as an auxiliary station in the 
Global Network of Detection of Stratospheric Changes. The facility includes various balloon-borne 
sonde operations as well as ground based ozone measurements. For more information about the 
Centre, we invite you to visit it's web pages at  http://fmiarc.fmi.fi/ . 

The FMI-ARC research sites belong to the Lapland Biosphere-Atmosphere Facility (LAPBIAT), an 
infrastructure project of seven Finnish research stations, through which the EU can fund visiting 
research groups. The main objective of the facility is to enhance the international scientific co-
operation at the stations and to offer a very attractive and unique place for multidisciplinary 
environmental and atmospheric research in the most arctic region of the European Union. Factors 
such as, arctic -subarctic and alpine-subalpine environment, northern populations, arctic winters with 
snow, changes in the Earth's electromagnetic environment due to external disturbances and 
exceptionally long series of observations of many ecological and atmospheric variables should 
interest new users. Access is provided free of charge to the users/user groups selected under the 
contract. The grants for the selected users will cover travel and subsistence costs for the visits of up to 
three months. For more information about the projects and proposals and application deadlines look at  
http://www.sgo.fi/lapbiat/ . 

 

UV radiation measurements 

The first spectral UV measurements started in 1990, when the Brewer spectrophotometer was 
provided. The data time series is one of the longest spectral UV time series of Europe. The instrument 
measures UV-B radiation from 290 nm up to 325 nm at 0.5 nm steps. It's stability is checked weekly 
and calibration is performed every month. The irradiance scale is traceable to the National Institute of 
Standards and Technology (NIST). The Brewer has also participated in several international and 
national intercomparison campaigns. Using the data time series (1990-2000) of Sodankylä, the 
spectral radiation amplification factors (RAF) were calculated for three different time periods 
(Lakkala, 2001). Spring time covered data from the middle of March until the end of snow period. 
July 15 divided the snow-free period into summer and autumn. The spectral RAFs are shown together 
with the ozone absorption cross-section for spring, summer and autumn in the Figure 1.  The time 
series is still too short for any trend analysis and the features of the observed UV changes are strongly 
dependent of the chosen period. Figures 2 and 3 show the influence of changing the first or the last 
year of the time series, when calculating observed long term changes using linear fitting. 

Broadband UV measurements have been performed since 1995. FMI-ARC belongs to the national UV 
measurement network of the Finnish Meteorological Institute. The network consist of five Solar Light 
501A UV radiometer, which are located at Utö, Helsinki, Jokioinen, Tikkakoski, Sotkamo and 
Sodankylä. The broadband radiometers measure continuously every minute CIE-weighted UV dose 
rates. The calibration of the broadband is based on a traveling standard instrument. 
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In 2002, two multichannel NILU-UV radiometer (NILU-UV6T, Nilu Products AS, Kjeller, Norway) 
have been provided in FMI-ARC. The instruments monitor continuously one minute averages of CIE-
weighted, UV-B, UV-A dose rates, photosynthetic active radiation (PAR), ozone and give 
information of clouds. The full width half maximum is approximately 10 nm and the central 
wavelengths are 305, 312, 320, 340 and 380 nm. The calibration of the instrument is based on a high 
performance spectroradiometer. 

 

Modulated UV fields  

FMI-ARC, as part of the Finnish Ultraviolet International Research Centre (FUVIRC), has established 
a modulated UV exposure field for UV impact studies in pine forest. The field consist of 21 lamp 
frames, from which seven are UV-B radiation  treatment, seven UV-A radiation control and seven 
ambient control. In each frame four lamps of 1.2 m are mounted, forming a square, at a height of 
around 1m above the top of the pants. The UV-B radiation treatment blocks have Philips UV-B lamps 
(TL 12, 40 W), with  cellulose acetate film (0.1 mm, Expopak Oy, Jämkinpohja, Finland) to remove 
the UV-C radiation emitted by the lamps. The UV-A controls have the same lamps as UV-B 
treatments, but with melinex polyester film (0.125 mm, KTP-yhtiöt, Helsinki, Finland) to remove the 
UV-C and UV-B radiation emitted by the lamps. The ambient control blocks have similar frames as 
the treatment blocks, but without energized lamps. 

Two reference UV sensors are continuously monitoring the ambient radiation. The UV level of the  
treatments is adjusted every minute to correspond to an increase of 46 % in CIE-weighted UV-B 
radiation, which corresponds to a decrease of total ozone of around 20 %. CIE-weighted UV-B 
sensors (PMA1102, Solar Light CO. Inc, Philadelphia, USA) are installed in every UV-B treatment in 
order to give feedback of the radiation level to the controlling software. UV-A sensors (PMA1111, 
Solar Light CO. Inc, Philadelphia, USA) are used in UV-A control blocks.  Also a multichannel 
radiometer (NILU-UV6T, Nilu Products AS, Kjeller, Norway) is monitoring at the fields, measuring 
UV-B radiation weighted by action spectra corresponding to erythemally and biologically effective 
UV-B radiation. Unweighted UV-B and UV-A radiation, photosynthetic active radiation (PAR), total 
ozone amount, cloud information, temperature and many other meteorological parameters are also 
available.  

First experiments in the modulated UV fields in the pine forest started in the beginning of the summer 
2002. The plant material consist of mosses, lichens and mountain birches. Mosses are naturally 
growing in the experiment area, while the other plants are growing in pots.  In future, a second field 
will be established in local peatland environment. For more information about the project, look at 
http://thule.oulu.fi/fuvirc/ . 
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Figure 1. Spectral radiation amplification factors (RAF) in spring, summer and autumn at Sodankylä. 
The black line denotes the ozone absorption cross section. The dotted lines are at an interval of one 
standard deviation of the RAF. 
 

 
Figure 2. Spectral 11-year changes in UV irradiances calculated from a linear regression line fitted to 
different time periods during April: a) 1990-2000, b) 1991-2000, c) 1992-2000 and d) 1993-2000. 
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Figure 3. Spectral 11-year changes in UV irradiances calculated from a linear regression line fitted to 
different time periods during April: a) 1990-1997, b) 1990-1998, c) 1990-1999 and d) 1990-2000. 
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Introduction 

The largest ozone depletion has been measured over Antarctica, but since the early 1990’s, ozone 
depletion has also been observed over the Arctic. It is obvious that as long as anthropogenic ozone 
destroying reactions occur in the stratosphere, the depletion will continue and northern plant life will 
continuously be confronted with increasing doses of ultraviolet-B radiation (UV-B 280-320 nm).    

In the subarctic, field studies investigating the plant response to UV radiation have basically involved 
either UV enhancement experiments with spectral fluorescent lamps being able to predict future UV 
effects or UV exclusion experiments which manipulate the spectral balance of natural solar radiation 
(Phoenix  et al., 2001; Turunen et al., 2002; Krywult et al., 2002).  There is a pronounced shortage of 
longer-term UV exclusion studies exploring  the effects of current UV levels on vegetation  in arctic 
and subarctic conditions.  Main aim of our study was therefore to investigate if solar UV radiation 
over three growing seasons affected  a range of ecophysiological variables in tree seedlings growing 
in the subarctic. Earlier results of this study have been published  elsewhere (e.g. Turunen et  al., 
1999; 2002; Krywult et al., 2002) 

 

Methods  

The response of Betula pubescens Ehr. (European white birch), B. pendula  Roth (silver birch) and two 
provenances of Pinus sylvestris L. (Scots pine) to solar ultraviolet (UV < 400 nm) radiation were 
investigated in a UV exclusion field experiment during the 1997-1999 growing seasons in Finnish 
Lapland (68°N).  The seed-grown seedlings were grown under  UV-B exclusion (a clear polyester 
filter) and UV-B/UV-A exclusion (a clear acryl plate) as compared to control treatment (a polyethene 
filter) and ambient plants (no plastic filter) (Fig. 1.). The experiment was arranged on a randomized 
block design with four treatments each replicated five times (n=5 plots per treatment, altogether 20 
plots). A number of growth and biomass variables, PSII (Photosystem II) efficiency  and total 
concentration of N were recorded during and/or at the end of the experiment. For more details on 
material and methods, see Turunen et al. (1999, 2002). 

 

Results  

The mean daily maximum solar biologically effective UV-B irradiance (UV-BBE) was 88 mW m-2, 68 
mWm-2 and 91 mW m-2 for 1997, 1998 and 1999. Exposure (191 d) to solar UV radiation over three 
growing seasons did not cause many statistically significant UV effects in the growth or biomass of 
the seedlings, although there was a pattern for an enhancement in many variables with removal of 
each UV  waveband (Turunen et al., 2002). 

The only significant impacts of UV exclusion were found in P. sylvestris provenance Enontekiö. 
During the first growing season, the UV-B/UV-A exclusion treatment significantly accelerated the 
height increment (18-20 %) of  P. sylvestris (Fig 2.),   and in the same seedlings, the UV-B exclusion 
treatment resulted in significantly increased dry weight of 1-yr-old needles (45-57%) after the second 
growing season. These UV impacts could not be seen at the end of the experiment or in any other 
species. The low concentration of N in current foliage was related to increased dry weight, but not to 
solar UV radiation.  



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – C07 

Discussion 

Our results indicated that solar UV-BBE, the maximum daily dose rates varying between 12 and 148 
mWm-2 during 1997-1999, caused only subtle effects on the growth and needle dry weight of 
evergreen  P. sylvestris seedlings, which may not be related to changes in PSII (Photosystem II) 
efficiency, whereas deciduous species did not show any significant UV effects (Turunen et al., 2002). 

The daily UV dose rates were probably not high enough, and the exposure period of three growing 
seasons were not  long enough to cause greater effects on growth and biomass. It is also likely that the 
defence mechanisms of these seedlings were sufficient against solar UV radiation. The latter is 
supported by our measurements from the same seedlings and earlier studies by others which indicated 
that the epidermal tissue of the foliage of both the Pinus and Betula  species contain high quantities of 
wall-bound and soluble UV absorbing compounds (Schnitzler et al.,  1996;  Turunen et al., 1999).  

In conclusion, this study indicated that solar UV radiation can have limited, but sometimes transient 
impacts on the growth of tree seedlings in the subarctic. Longer-term field studies are needed 
however, in order to detect the cumulative characteristics of the UV responses.  
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Figure 1. The spectral characteristics of plastic filters used for the treatment exclosures:  (a) Control 
(polyethene plastic filter), (b) UV-B exclusion (polyester plastic filter), (c) UV-B/UV-A exclusion 
(acrylic plate). Each figure includes ambient irradiance (dashed line) and irradiance transmitted 
through the plastic filter within the UV wavelengths (continuous line). Redrawn data from Turunen 
and others (1999).  
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Figure 2. Growth increment (mm) of B. pubescens (a), B. pendula  (b), and P. sylvestris provenance 
Rovaniemi (c) and Enontekiö (d) in different treatment exclosures at the end of 1997 (58 d), 1998 
(133 d), and 1999 (191 d). The values are expressed as means with the standard deviations for five 
treatment replicates in each column. The different letters above the columns indicate the statistical 
significances between treatment exclosures at the p<0.05 level within each species and each growing 
season in Tukey's HSD test. 
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Introduction 

Summer pastures are crucial for the growth of reindeer and productivity of reindeer management. For 
reindeer, annual growth occurs primarily on summer pastures, and changes in the condition of 
summer pastures affect the condition of reindeer and their survival over winter. The most important 
summer habitats of reindeer in Finland are peatlands, open mountains and riverbanks. Reindeer 
choose their forage plants carefully, preferring plants that have high nitrogen content and avoiding 
those containing much phenolic compounds (Danell et al. 1994). 

A trend towards increasing UV-B radiation in the Arctic areas due to stratospheric ozone depletion 
has been found in several studies since mid-90s. Northern ecosystems subsist plants under harsh 
climatic conditions at or near their adaptation levels, and may be especially sensitive to additional 
stress due to increased UV-B radiation (Gwynn-Jones 1999). Changes in plant productivity or 
secondary metabolism may have indirect impacts on northern sources of livelihoods such as reindeer 
management.  

 

Objectives 

The goal of the present research is to investigate whether increasing UV-radiation is a potential threat 
to the quality of summer pastures of reindeer. We will focus on the following questions:  

1. Does the chemical composition of summer pasture plants change due to UV radiation? - Do the 
plants, for example, produce higher concentrations of defence compounds, such as phenolics?  

2. Does the digestibility of those pasture plants that are important in the diet of reindeer change due 
to the effects of UV on their chemical composition?  

3. Does selection of food by reindeer change due to the effects of UV on the chemical composition 
of plants? 

The work is to be done by studying the effects of UV-radiation on the chemical composition, 
digestibility and palatability of a few of the most important summer pasture plants of reindeer in 
natural peatland ecosystems. There have been only few studies about the effects of enhanced or 
natural UV-radiation on the chemical composition of the summer pasture plants of reindeer (e.g. 
Johanson et al. 1995, Turunen et al. 1999, Julkunen-Tiitto and Zon 2001, Niemi et al. 2002). The 
research is motivated both from the perspective of northern natural resources and for future reindeer 
management.  
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Methods 

The studies are conducted in natural peatland ecosystems in the Eastern Lapland, Finland with two 
different approaches: (1) UV filtration experiments: Vuotso, Lappi Reindeer Herding Co-operative, 
RENMAN experimental sites (67ºN, 27ºE) and (2) Enhanced UV radiation experiments, provided by 
UV-B lamps, Sodankylä, Finnish Meteorological Institute, FUVIRC sites. 

The field experiments started in summer 2002 in Vuotso. Altogether 30 plots (quadrat sizes 120 x 120 
cm) were established. Sample procedure was also determined and proportional plant species cover 
from ambient sites was calculated. In summer 2002, the UV-filtration experiment was started with 
three treatments, each replicated ten times. The treatment enclosures consist of wooden frames with 
plastic covers adjusted over a natural peatland ecosystem: (1) UV-B/UV-A exclusion (a clear 
polyester plastic), (2) control (cellulose acetate) and (3) ambient plots that have frames, but no plastic 
filters (Fig. 1). Enchanced UV radiation experiments in Sodankylä are planned to be established in 
2003. 

Vegetation composition and cover were determined according to protocol employed by the 
International Tundra Experiment (Walker 1996). Plant used for analysis of phenolics were stored in 
liquid nitrogen. Plants that will be used for nutrient analyses were dried 3 days at 60ºC. Nutrient 
content (nitrogen, soluble carbohydrate, fiber, some major micro minerals and trace elements), 
digestibility and palatability of the plants will be studied later on. The determinations will be 
conducted on samples yearly collected during the early, mid and late growing seasons.  

 

Observations  

The proportional plant cover determined during the initial work in summer 2001 from 30 quadrats is 
shown in Table 1. Plant species chosen to be studied include Betula nana, Eriophorum vaginatum, E. 
angustifolium, Menyanthes trifoliata, Rubus chamaemorus and Carex sp. As the research is in the 
initial stage, results of the phenolics and nutrient analyses of plant samples are not yet available. 

The coming results of the study will be compared with the results of the quality of summer pastures in 
the related RENMAN project, and with the results of the UV-exposure experiments in peatland 
ecosystems in the FUVIRC project.  
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Figure 1. Plastic filters were placed for the UV-B filtration experiments in June 2002 in Vuotso.  
Photo: Bruce Forbes. 
 
 
Table 1. The proportional plant cover values from 30 established plots, determined in the initial work 
in Vuotso, 2001. Plant species  Cover value 
Sphagnum sp. 77,43 
Carex rostrata 17,27 
Carex nigra  10,93 
Carex limosa  3,60 
Menyanthes trifoliata 9,73 
Eriophorum vaginatum 6,50 
Eriophorum angustifolium  0,03 
Andromeda polifolia  1,07 
Rubus chamaemorus 0,70 
Vaccinium oxycoccus 0,57 
Betula nana  0,07 
 
 
Abbreviations 

RENMAN: The Challenges of Modernity for Reindeer Management: Intergration and Sustainable 
Development in Europe’s Subarctic and Boreal Regions (http://www.urova.fi/home/renman); funded 
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FUVIRC: Finnish Ultraviolet International Research Center (http://thule.oulu.fi/fuvirc); funded by the 
European Regional Development Fund and the Finnish Ministry of Education. 
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Introduction 

In the Vorkuta region (Figure 1) exists the largest industrial complex in the North-European Russian 
tundra. Russian researchers have examined the pollution levels and changes in vegetation in the 
region during the last three decades, but no results have been published in international journals.  

According to Russian studies there are strong signs of soil contamination like alkalization and high 
values of of exchanging calcium and total nitrogen content compared to the background values. 
Heavy metal concentrations are also increased, but are still much lower than ones near the big 
smelters like Norilsk and Monchegorsk. Amount of particles in snow is also high near the main 
emission sources. Vegetation changes like lack of lichens and increased abundance of grasses and 
mosses have also been recorded. 

Here we present how the extent of obviously human activity induced vegetation changes can be 
shown using Landsat TM satellite image analysis. A more detailed research paper will be published as 
Virtanen et al., (2002). 

Methods  

The analyzed Landsat TM 5 image (path 166, row 13) was acquired on July 31st 1988.  In late July 
2000 we set up ground-truth plots on dwarf birch (Betula nana) dominated shrub tundra sites, or 
microtopographically equivalent, potentially similar sites. Using these sites we created spectral key 
signatures for two human impact classes, polluted and disturbed/slightly polluted. For vegetation and 
land cover types other than tall shrub tundra, we used the spectral signatures developed for 
classification on the basis of fieldwork undertaken in different parts of the Usa basin during the 
summers of 1998, 1999 and 2000 as part of the TUNDRA programme. 

Results 

We identified two impact zones (Figure 2):  

1. Pollution zone, surrounding the main pollutant sources, the cement factory and the main power 
plant. Here most of the lichen species are absent. Changes in overall species composition are 
obvious. Especially willows are more dominant than in the unpolluted sites. Estimate of the size 
of this zone is 150-200 km2.   

2.  Slight pollution / disturbance zone. Here vegetation changes are less distinctive and slightly 
different. Especially the amount of grasses has increased. It might be due to fertilization effect, 
but partly also caused by mechanical disturbance. This area totals 600 - 900 km2. Zones spread 
furthest to the northeast, matching the prevailing winds during winter.  

Conclusions  

The potential mechanisms behind the vegetation changes can be separated into three main groups: 

1. Direct injury effects. Absence of most of the lichen species near the major pollution sources might 
be due to phytotoxic effects of pollution.  



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – C09 

2. Mechanical disturbance, fertilization. The typical species invading mechanically disturbed shrub 
tundra sites are different types of grasses. The dominance of the grasses, herbs and some mosses 
can increase as a response to alkaline dust or nitrogen fertilization.  

3. Effects related to earlier snow melting. According to a springtime satellite image view (Figure 3), 
the snow melts earlier around the dust affected Vorkuta-area. This provides a longer growth 
period, but also increases the risk of springtime frost damage. Changes in permafrost conditions 
due to earlier snow melt can have feedback effects on the vegetation. 

Our study shows that remote sensing is a particularly useful monitoring technique to study the extent 
of the human caused vegetation changes, especially in this kind of region with limited ground survey 
possibilities. Vegetation changes in these zones are caused by a combination of factors leading to 
regionally and locally variable changes due to variation in the intensity of different human induced 
processes.  

The inner impact zone is a heavily dust-polluted area around the cement factory and the adjacent 
power plant. The plant communities are obviously suffering in this zone: many plant species still 
survive well, but noticeable pollution induced injuries can be found on some species, and the most 
pollution sensitive species are missing. Local people have also recognized the changes, and are 
especially concerned for its effects to human health. However, this clearly pollution impacted area is 
relatively small, and by more effective cleaning techniques the situation would be surely improved. 

A larger impact area surrounds all the main industrial areas, where the species composition of plant 
communities is altered from climax phase communities to younger ones, but no obvious pollution 
damage can be found. It is obvious that these types of changes in vegetation cannot be totally avoided 
if there exist any kinds of industrial activities in the tundra.  
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Figure 1: The study area. 
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Figure 2. The pollution and disturbance zones around Vorkuta. 

 

Figure 3. The snow melt anomalies around the mining towns. The white areas are covered by snow in the spring 
time Landsat image(167 12-13, 20.06.1985). 
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Introduction  

The question, how the permafrost is affected by climate change is of great importance because of the 
fact that a number of constructions related to mining, oil industry, etc. activities, have been built on 
frozen ground. In such locations even partial melting of permafrost can cause serious problems for 
infrastructure and environment in Arctic regions. Geophysical methods have been successfully used 
for mapping thickness and properties of continental ice and permafrost at Antarctica (Ruotoistenmäki 
and Lehtimäki, 1997a; Ruotoistenmäki and Lehtimäki, 1997b). The objective of this study was (1) to 
test how the extent and internal structure of permafrost can be mapped by shallow electrical 
measurements and (2) to find suitable location for monitoring changes of frozen ground features in 
southern limit of discontinuous permafrost. 

The presence of palsa mires is indicative for the existence of permafrost in Finnish Lapland and the 
southern limit of discontinuous permafrost is often delineated by the southern limit of distribution of 
palsas (Fig. 1). In palsa mounds the low thermal diffusivity of peat restricts the active layer thickness 
during summer season. Continuous evaporation due to moisture content in the active layer helps the 
frozen core of palsa mount to remain at frozen stage over the summer season Our test site in Finland, 
the palsa mire at Peera (Fig. 1 and 2), has several peat mounds, few meters high, within an area of 300 
x 100 m2.  

 

 
 
Figure 1. Location of the test site, the palsa at Peera, Northern Finland. The map (Seppälä, 1997) 
indicates the southern limit of discontinuous permafrost in Finnish Lapland.  
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Methods and results 

The material collected at Peera includes 2D resistivity soundings (made by AGI/Sting automatic 
multielectrode resistivity system, using dipole-dipole configuration with electrode separations of 2 or 
3 meters, and 42-56 electrode groundings. The measurements were made at late August), Ground 
penetrating radar (GPR) measurements and drillings for mapping the thickness of peat and glacial 
sediments (Fig. 2). Temperature distribution was also measured along the resistivity lines. 

The resistivities measured for unfrozen peat on the palsa and outside of it varied from 150 Ohmm to 
1500 Ohmm, while the resistivities for frozen peat varied from thousands of Ohmm’s to tens of 
thousands of Ohmm’s. Vertical and horizontal low-resistivity (<3000 Ohmm) zones were measured 
inside the palsa. Partially (after the drillings) they were proved to be unfrozen peat and silt/till. Some 
of the low/medium-resistivity zones were frozen, but the lowered resistivity might originate from a 
slightly fractured ice with some water in the fracture zones. The electrical images suggest that 
permafrost possibly extends to bedrock (see Figures 3 and 4).  

 

 
 
Figure  2. The palsa at Peera, having a size of 100x300 m2. Resistivity soundings profiles (res-1, res-2 
and res-3) are marked by white lines.  

 

Conclusions  

The results suggest that the electrical measurements are applicable for mapping of sporadic 
occurrences of permafrost and it may be used as a monitoring tool for recording the changes of 
permafrost distribution in surroundings of roads constructed on frozen ground, mine tailings dams, 
etc. 
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Figure 3. Resistivity section from profile res-1. Dipole-dipole configuration, a=2 m, 42 electrode 
groundings. The unfrozen cover is seen as a low-resistivity layer at the top of the palsa.  

 

 
 

Figure 4. A part of the resistivity section from profile res-3. Dipole-dipole configuration, a=2 m, total 
56 electrode groundings. The unfrozen cover is seen as a low-resistivity layer at the top of the palsa. 
Drillings (s1 and s2) indicates an unfrozen pond (s2) and an unfrozen layer (s1), which also can be 
seen as low-resistivity areas.  
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Introduction 

Cities of the Extreme North are the centers of concentrated technogenic impact on the environment. 
The Norilsk industrial region located in the North of Siberia at 690 N is one of the largest world 
centres for mining and metallurgy. Cities, mines, plants, objects of building industry, subsidiary 
manufactures, two river ports and three airports are connected by the system of roads and railways. 
The scale of evident risks and damages for buildings and engineered structures depend on natural 
conditions (climate, geocryology, hydrogeology, etc.) along with the intensity of antropogenous 
activity. 

The most large-scale manifestations of technogenesis in the permafrost zone are found in the larger 
facilities in the Norilsk industrial region.  The development of mining and metallurgical industry, 
power  and building  manufacturing, growth of cities and settlements (Norilsk, Talnakh, Kayerkan, 
Dudinka) have resulted in radical transformations of natural landscapes,   significant   changing   of   
the  heat   exchange   through  the  land  surface  and, consequently, to the development of dangerous 
cryogenic processes.  The mean annual ground temperature in Norilsk before the beginning of 
development was a minus 3 0Ñ.  

Results and Discussion 

Human activity in industrial centres of the permafrost zone negatively effect on natural complexes, 
climate, permafrost conditions and other components of nature. Concerning geocryological properties, 
heating effect demonstrates first of all an aggravation of engineering characteristics of grounds of the 
basis (lift capability, frost heaving, thaw consolidation, viscosity, heat conductivity etc.). It is obvious 
that perennially frozen grounds on urbanised territories of the permafrost zone are characteristic of 
certain dynamics governed by natural and technogenic factors. Main process here is 
technocryogenesis. Technocryogenesis is a specific exogenic process which develop on urbanised 
areas of the permafrost zone. It appears as a result of the technogenic charge and permafrost 
conditions interaction. It is of irreversible character and manifests itself in the formation of specific 
natural territorial complexes. 

In cities of the permafrost zone and adjacent areas, specific natural-technogenic complexes have been 
formed. As the antropogenic impact aggravate, main characteristics of these complexes are moving 
apart from natural types and approaching to technogenic "badlands". 15 basic types of natural-
technogenic units are characteristic of peculiar kind of heat exchange conditions through the ground 
surface as well as certain tendency for frozen grounds development.  

Recent investigation (Grebenets at al., 1994) indicate that technogenesis in the industrially mastered 
regions causes the distinct tendency for degradation of permafrost.  Along with the increasing of 
thickness of the active layer, ground temperature below the level of seasonal temperature fluctuations 
increase. Temperature observations in the bore-hole 135 m deep at outskirts of Norilsk have revealed 
increasing ground temperature in an interval of depths 20-90 m from minus 3.5-4 0C up to minus 1.5-
2 0C for the last 50 years.  At the same time, the analysis of air temperature data of meteorological 
stations of Norilsk (1933 - 1999) and Dikson (1917 – 1998) have not revealed a natural tendency 
towards the climate warming in the North of Siberia.  

Degradation of permafrost in the Norilsk industrial area is a result of increasing of mean integral 
temperature, which depends on the intensity and area of contact of various thermal sources on a 
surface.  This increasing is caused by a number of the basic reasons which are as follows: 
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• changes to the natural landscape had introduced various antropogenous infringements during 
construction; 

• imperfect methods of engineering preparation of development sites; 
• heat flow into the ground, especially during the installation of pile foundations; 
• numerous infringements during the operation of ventilated cellars and other cooling geotechnical 

systems; 
• mechanized redistribution of snow cover;  
• arrangement of underground collectors for engineering communications; 
• changes in thermal physical properties of the ground. 

The technogenic flooding and salinisation of near surface soils are of significant influence on the state 
of permafrost leading to the increasing of the active layer thickness as well as increasing of heat flow 
into the frozen ground because of the increasing of thermal conductivity of the soils (Grebenets et al. 
1997).  In Norilsk, for example, annual discharge of sulfur dioxide into the atmosphere is 2 million 
tons, about 60 thousand tons of chlorine, ten thousand tons of a dust and other pollutants.  Mixed with 
rain and melting snow pollutants penetrate into open water systems and the active layer.  In 
connection with the tendency for the permafrost degradation (Grebenets et al. 1994), the depths of 
ground seasonal thawing increases.  Pollutants of previous decades contained in a perennially frozen 
state further aggravate the geoecological and geocryological situation.  Ground flooding damages 
underground ice and ice-rich layers of permafrost.  Processes of thermokarst and thaw subsidence 
develop, cryopelitisation enhances, geocryological conditions radically change.  Technogenic 
salinisation of grounds causes the reduction of its bearing capacity, deterioration of building bases and 
other underground structures develop. This results in the development of deformations to buildings 
and structures down to the destruction. Observations in Norilsk revealed that about 8.5 thousand 
foundations are prone to active destruction. The rate of deterioration of foundations in the aggressive 
medium ranges from 10-15 up to 60-80 %. The tendency towards the global warming should be taken 
into account in the forecast for state of buildings and structures in the zone of permafrost.  

Conclusions  

Technocryogenesis is a specific exogenic process which develop on urbanised areas of the permafrost 
zone. It appears as a result of the technogenic charge and permafrost conditions interaction. It is of 
irreversible character and manifests itself in the formation of specific natural territorial complexes. 

Basic technogenic factors contributing permafrost degradation are as follows: underground heat-
extracting collectors for communications; snow mechanical redistribution; violations in geotechnical 
system operation; technogenic inundation and ground salinisation; chemical ground pollution in 
industrial activities.  

Taking into account the tendency for global warming, a sharp problem is the providing of 
conservation and maintenance industrial pollutants in the frozen state.  
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Introduction 

For the most part of Russian territory, in particular for it Northern and Eastern parts an climate 
severity is important conditional character of human life. Firstly its severity appears in a cold stress 
impact on human organism. Cold stress is a typical feature of climate discomfort of Russian territory. 
Terms “discomfort” or “comfort” have been used in zoning of Russian territory by the extent of 
severity of natural conditions for human life. Certain long-standing gradations of bioclimatic indexes 
corespond to the borders of the pointed discomfort areas. These values are the characters of cold stress 
impact on human life. The borders of climate diccomfort zones are built on the basis of bioclimatic 
indexes (bioclimatic indexes show unfavorable influence exerted on human jointly by such climatic 
characters as temperature, air humidity and wind velocity.).  

This paper is devoted to regional peculiarity of the cold stress in Russia , wich is characterized by 
bioclimatic indexes in the conditions of climate change. The regional peculiarity of contemporary 
global warming of climate in the Russian territory differs from the model screenplays of climate 
warming. The characters of contemporary warming of climate are: a positive trend of air temperature 
being especially notable in winter and a spatial heterogeneity of the warming. In the European part of 
Russia the climate warming is more essential for the 50-55° of Northern latitude and it decreases to 
the North and to the South.  

The climate change impact on the cold stress and, therefore, on the conditions of human life for the 
Northern regions of Russia analyze in present paper. The alteration of the borders of discomfort areas 
for the various screenplays of climate change were investigated. 

Methods 

To estimate an effect of cold stress on human organism the following indexes were used:  

The enthalpy (i, kcal/kg), which characterize a summary quantity of warm in one volume unit of air 
conditioned by both inner energy of air and content of water vapor in it. It could be found from the 
following equation:  

i = cpT* + 0.622(e/(1006.6 – e))(L + cpwT*). 

The Hill index of wet cooling power (Hw, mcal/ñm2 • ñ) characterizing an intensity of warm loss by 
physical matter or human body in air flux of certain temperature and humidity:  

Hw = Hd + (0.085 + 0.102v0.3) (61.1 – e)0.75. 

In given equations: T* - absolute air temperature, K; e - vapor pressure, hPa; cp, cpw - specific heats of 
air and water vapor in constant pressure respectively, cal/g °C; L - latent heat of vaporization at °C, 
cal/g; T - air temperature, °C; v - wind velocity, m/s; Hd  - dry cooling power, mcal/cm2 • c.  

Table 1 show the gradations of bioclimatic indexes of climate discomfort. 
 
On the basis of the data of meteorological stations values of bioclimatic indexes were calculated and 
the following maps were composed: for the climate warming in the 80s of the XX century; for the 
long-standing average conditions (1931-1960); for screenplays of the global climate warming 
following a doubling of the content of carbonic dioxide in the atmosphere (Canadian Climatic Centre  
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Table 1. Gradations of bioclimatic indexes of climate discomfort. 
Level of discomfort Bioclimatic indices, January 

 Hill index of wet 
cooling power, 
mcal/ñm2 • ñ 

Enthalphy, kcal/kg 

Absolute discomfort (I) >70 <59.0 
Extreme discomfort (II) 51 – 70 59.1 – 61.0 
Discomfort (III) 41 – 50 61.0 – 62.0 
Relative discomfort (IV) 31 – 40 62.0 – 63.0 
Comfort (V) <30 >63.0 

 

(CCC) model; Geophysical Fluid Hydrodinamics Laboratory (GFHL) model (Climate Change, 
1990)). 

The analysis of the maps of the bioclimatic indexes of climatic discomfort for various model 
screenplays of the global climate warming and the climate warming in the 80s of the XX century 
permit to estimate the changes of climatic discomfort in the Russian territory. The changes of the square 
climate discomfort for various screenplays of the global climate warming and real warming in the 80s 
for Northern and Eastern parts of Russia display in Table 2. 

Table 2. The percentage of square with different level of discomfort (the enthalphy) from the Russian 
territory.  
Level of discomfort 80s of the XX 

century 
CCC model GFHL model Long-standing 

average 
Absolute discomfort 33±2 40±2 20±2 39±2 
Extreme discomfort 21±5 22±5 24±5 22±5 
Temperate discomfort 14±3 13±4 11±2 17±3 
Relative discomfort and 
comfort 

33±3 25±2 45±2 22±3 

Ñonclusion 

1) The regions where the global warming can make worse the climatic conditions of life due to the 
increase of wind velocity and air humidity according to at least one of bioclimatic indexes, have been 
determined. This regions are situated mainly in Yakutiya, and in the territories adjoining the Arctic 
Ocean. 

2) Nevertheless these regions occupy the lesser part of Russia, it is necessary to take into account the 
possibility of change for the worse of the climatic conditions of human life at climate warming in 
these regions.  

3) Climatic discomfort change obtained from GFHL model exceeds considerably the real global 
climate warming of 80s. It may cause the restriction of the territories of the absolute climatic 
discomfort (for the enthalphy) by a value of about 20%.  

4) The global climate changes cause the shift of climatic discomfort indexes boundaries on the 
Russian territory. The global climate warming of 80s caused the shift of absolute and extreme climatic 
discomfort boundaries to the North by more than 200 km.  
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Introduction 

Pollution of the Russian Arctic and types of hydrological hazards in aquatic environments are various, 
its regional agencies are diversified. Water pollution of the White Sea and region is controlled since 
60-ties, when progressive development of economic activity was started at this area. Just from that 
period an intensive pollution of the White Sea by oil, oil products, organochlorines and other toxic 
waste pollutants was fixed. Concerning to the items involved to our study, White Sea and contiguous 
waters is the areal space for many marine mammals (seals, belukhas, whales, walruses, etc.). 
Recession a number of mammals pressed to develop a new instrumental technologies for control of 
sea pollution and feeding habits of sea mammals, for creation a new methodology for documental 
fixation a population number. 

Unfortunately, till this moment our knowledge about winter hydrology, ecology and situation with 
biotic community of the White Sea is fragmented. It connected to hardship of organization of field 
experiments in the Arctic, and particularly in the wintertime. Application a multi-spectral airborne and 
satellite technologies and instruments, organization of multi-level validation experiments (aircraft-
helicopter-icebreaker-satellite) and suggestions to study ice as non-biotic factor of ecology of 
Greenland seals and other ice-associated sea mammals are an innovational proposal. The new 
approach also is a comprehensive study of radar signatures of the different types of ice (sea ice, fresh-
water and brackish water ice) with using this information for airborne reconnaissance of whelping 
rookeries and for assessment of the migration types of White Sea population of Greenland seals 
(Pagophilus groenlandicus).  

These multi-proposed programs were initiated in 1996, when nuclear icebreaker “Taymir” fulfilled 
the first aiming sub-satellite experiments at the White Sea and surrounding waters (January-
February’96). Then such multi-level remotely and in situ observations and measurements were 
organized systematically. In frame of these field experiments different airborne and satellite sensors in 
visual, infrared, ultra-violet and radio range were used, active and passive remotely instruments were 
attracted. Diversified ground-based validation programs were organized for study of ice cover 
parameters, for description of seals and their ecological features.  

Methodology 

The main objective of this study is the creation a new methodology of instrumental taxation of seals at 
the whelping period, widening our knowledge about environmental pollution, about ice and water 
exchange between White and Barents Sea, assessment of the impact of meteorological and 
hydrological hazard on sea mammals population, including modification of migration features. 

Multi-spectral airborne and satellite observations are used to advance accuracy of taxation of seal and 
avoid the restrictions connected with the limits of illumination and cloud influence. These factors are 
especially substantial for the Arctic.  
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Seals are a representatives of high level of marine fodder chains, pollution and hazard effects are 
manifested itself differently. Ringed seal and several other types are connected with coastal and fast 
ice zones and their status is well-investigated. At variance, White Sea population of Greenland seals, 
or harp seals, are connected with pack ice and their ecology and modification of population is not so 
evident. In frame of this study we exanimate mainly Greenland seals. Population number and type of 
migration of harp seals are strongly depended from different meteorological and hydrological 
parameters and processes. Climate change and anthropogenical press, including pollution and fur-seal 
fishery, create many new problems and their influence should be adjusted. As many previous 
investigations demonstrated, mass destruction of seals (ecological catastrophe) is happened in the 
White Sea periodically.  

Increase of toxic pollutants and hydrological hazard (ice compression, hummocking and breaking of 
floes) could provide (directly or indirectly) originate of stillborn and unthrifty sea mammals (so called 
“starvelings”) and growth of their number. The important part of suggested methodology became a 
collection of water samples and ice cores with following hydro-chemical and radio-physical analysis 
of the specimens in laboratory. The samples are gathered at the different parts of the White Sea, as 
well as in the Barents and Kara Sea. More polluted areas at the water catchment were investigated 
also (locking runway of Severnaya Dvina river was selected as the main purveyor of polluted waters). 
These field investigations were provided with using helicopter. Sub-satellite ground-based 
experiments at the sea were united with the control of the behavior of ice-associated sea mammals and 
with taking specimens of meat and tallow of seals (adults and pups, separately) for the following 
control in stationary conditions. 

Results of the control and systematization of environmental pollution in the White Sea and region, 
including information about dissolved organic matter and permanent organic pollutant (POPs), 
obtained in frame of field campaign in winter 2002, will be presented after the processing.  

The example of airborne cartography of harp seals is given at the Fig. 1. A few words about ecology 
of Greenland seals which help to provide thematic decoding of remotely data. Harp seals selected for 
whelping part of the sea, named “Basin” and “Neck”. As our study demonstrated, a rookeries are 
located on the specified types of drift ice which has contrast of radar signature (Figure 2). Mass 
accumulation of harp seal for whelping is happened at the end of February – beginning of March. 
Then follows a passive drift of floes with mammals, which is directed toward to the Barents Sea. The 
duration of this process (postnatal and lactation period) is continued two weeks approximately. 

There are two specific features of pups ecology: a) during a lactation period neonates change a fur; b) 
till the end of moulting any contact with water are mortal for them: watering resulted in overcooling 
and loss of life. Ice drift is accompanying by breaking of floes and as result a partial destruction of 
pups is unavoidable. On the other hand, extra events, severe winter conditions, long-run severe frosts, 
hydrological hazard, N/NE winds can strongly modify ice regime of sea. This situation could provoke 
the effect of “blocking” of rookeries inside the sea and stimulated a strong reduction number of 
population. Different stage of ecological catastrophe in 1998/99 severe winter season is investigated: 
appearance, prowth, process of propagation and widening of this phenomena are fixed and studied in 
details. Using consequent series of synthetic aperture radar (SAR) satellite images with high 
resolution (30 m) allows us to fix the stoppage and blockade of rookeries inside the “Basin”. As was 
determined by satellite data, females select for whelping the water areas connected with the stationary 
eddies in the White Sea where more solid and time-proof is formed. But, in turn, these eddy areas 
could be a zone of accumulation and concentration and of toxic pollutants in the sea, and study of this 
problem should be continued.  

Satellite diagnostic and situation forecast was fulfilled for the different winter severity. IR, UV and 
visual airborne charting of population number was provided at the time of whelping ang moulting of 
adults. The results of ice charting and taxation of mammals should be presented for 1999/2000 and 
2001/02 winter seasons that are evaluated as mean-climatic. 
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Conclusions  

The main critical goal is the development of special observational network for the control of pollution 
in Arctic. A contemporary technologies assume integration of remote sensing and in situ hydro-
chemical and radio-physical measurements. IR and visible observation of aircraft PINRO An-26 
«Arktika» became now an indispensable part of marine ecological investigations in the Russian Arctic 
and Far Eastern regions of RF. Application of satellite data for monitoring of sea mammals was 
restrained by its small spatial resolution. Synthetic aperture radar (SAR), which provides global all-
weather sounding with resolution 20-25 m, changed situation. High transparency of snow and 
relatively deep penetration of signals in ice is basis of sub-surface sounding. SAR images allow fix 
documentary different ice parameters: development and arrangement, ice type, shape of floes, ice 
concentration and compactness. Unfortunately time being resolution couldn’t resolve individual seal, 
and study ice as non-biotic factor of ecology of different ice-associated mammals is the present 
perspective. 

 

 

Figure 1. Results of airborne cartography of 
harp seals, 13 February 2000 (number of 
females and pups are assessed separately). 
There are two whelping zones (two droves of 
harp seals): clear majority of whelping 
rookeries is located along the north-western 
border of “Basin”, another zone of mass 
accumulation of seals is located inside the 
“Neck”; effects of Belomorsky stable current 
and N/NW winds are retrieved. 

 
Figure 2. Results of satellite radar cartography 
of the White Sea and ice drift parameters 
retrieval (27-28 March 1998). Advantages of 
radar survey in the Arctic is opportunity to 
retrieve the type of ice with the division of ice 
suitable for whelping from non-convenient ice 
(contrast of black and white signature). High 
transparency of dry snow allows to fix the size 
of separate ice floe. Radar fixes the location of 
opening in the ice, hummocks and ridges, that 
could be used (or are avoided) by seals during 
whelping and lactation. Ice floe displacement 
(white arrow)is obtained with using two 
consequent images (satellite RADARSAT and 
ERS-2). As evident from satellite data, 
1997/98 winter conditions create some 
problems for whelping migration: high ice 
covering prohibit drift of rookeries toward to 
the pasturing areas in the Barents Sea.  
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The Northern Contaminants Program (NCP) was established in 1991 in response to concerns about 
human exposure to elevated levels of contaminants in fish and wildlife species that are important to the 
traditional diets of northern Aboriginal peoples.  Early studies indicated that there was a wide spectrum 
of substances – persistent organic pollutants, heavy metals, and radionuclides – many of which had no 
Arctic or Canadian sources, but which were, nevertheless, reaching unexpectedly high levels in the 
Arctic ecosystem. 

Under the first phase of the NCP (NCP-I), research was focussed on gathering the data required to 
determine the levels, geographic extent, and source of contaminants in the northern atmosphere, 
environment and its people, and the probable duration of the problem.  The data enabled us to 
understand the spatial patterns and temporal trends of contaminants in the North, and confirmed our 
suspicions that the major sources of contaminants were other countries.  Information on the benefits 
from continued consumption of traditional/country foods was also used to carry out assessments of 
human health risks resulting from contaminants in those foods.  Results generated through NCP-I 
were synthesized and published in 1997 in the Canadian Arctic Contaminants Assessment Report 
(CACAR).  

In 1998, the NCP began its second phase (NCP-II), which will continue until March 2003.  NCP-II 
focuses upon questions about the impacts and risks to human health that may result from current levels 
of contamination in key Arctic food species as well as determining the temporal trends of contaminants 
of concern in key indicator Arctic species and air.  A large amount of data on contaminants in the 
Canadian Arctic have been produced since the first CACAR report was published.  The “legacy” 
POPs, as well as the mercury, cadmium and selenium have continued to be the focal point of the 
measurement and monitoring of contaminants in the Canadian Arctic.  

The Canadian Arctic Contaminants Assessment Report II will be published in the Winter 2002/03.  It 
will summarize the 5 years of contaminant research that has been conducted under NCP - Phase II.  
The CACAR II is being prepared in parallel with the AMAP II Assessment and will include separate 
reports on:  

• Contaminant Levels, Trends and Effects in the Biological Environment,  
• Contaminant Levels and Trends in the Abiotic Environment,  
• Human Health,  
• Knowledge in Action, and a 
• Plain language Highlights Report.     

A synopsis of each technical report is provided below: 

1) Contaminant Levels, Trends and Effects in the Biological Environment (Lead authors: Derek 
Muir and Aaron Fisk) - NCP Phase II identified three priority areas of study for monitoring of the 
biological environment: Temporal Trend Studies, Monitoring and Surveys of Traditional/Country 
Foods and Wildlife Health.  The purpose of this report is to review the information that addresses 
these priority areas and to assess the current state of knowledge on the spatial and temporal trends 
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of contaminants and the biological effects in Canadian Arctic biota.  Some key conclusions include:  
i) Evidence that mercury is increasing in Arctic marine biota, although not observed in all 
populations or species; ii) most legacy POPs have significantly declined in Arctic biota from the 
1970s to the 1990s.  PCBs, DDTs and chlordanes are decreasing but HCH levels have remained 
relatively constant; iii) a series of new chemicals have been found in Arctic biota.  This includes 
brominated flame retardants (in particular PBDEs), prefluroninated compounds (PFA), 
polychlorinated napthalenes (PCNs) and chlorinated paraffins; iv) recent studies of Churchill 
(Canada) and Svalbard (Norway) polar bears have concluded that the immune systems of polar 
bears are compromised by PCBs and potentially by other POPs.     

2) Contaminant Levels and Trends in the Abiotic Environment (Lead authors: Rob Macdonald and 
Terry Bidleman) - NCP phase II continued to support the establishment of international agreements 
through the detection and interpretation of trends in contaminant levels especially as they may relate 
to emission controls. This report provides a review of information on the monitoring efforts aimed at 
enhancing our understanding of transport pathways and mechanisms that could support the 
development of predictive mass-balance based  models.  Such models improve our ability both to 
understand trends based on source reduction through emissions control and to predict the long-range 
transport and bioaccumulation potential of new compounds based on physical and chemical 
properties.  Some key report conclusions include: i) new insights into the atmospheric pathways, 
processes and environmental behaviour of mercury released into the atmosphere by anthropogenic 
and natural sources as a result of the discovery of the polar sunrise phenomena involving mercury 
vapour depletion events that occur in the Arctic in the springtime and the corresponding enhanced 
deposition to the Arctic ecosystem; ii) decreasing atmospheric trends in most POPs over the last 5-
10 years; iii) current use chemicals being found in the Arctic abiotic environment such as 
brominated flame retardants (in particular PBDEs), prefluroninated compounds (PFA) and 
polychlorinated napthalenes (PCNs); iv) a comparison of HCH isomer pathways has identified a 
dominant oceanic pathway for beta-HCH which has implications for the delivery of other persistent 
water-soluable contaminants to the Arctic by ocean currents; v) global gridded emission inventories 
have been created for some OC pesticides such as HCH; vi) continued development and 
refinement of contaminant mass-balance and global transport models for POPs and mercury, vii) a 
detected change in the system (climate) that may be having an impact on pathways of the “legacy” 
contaminants.   

3) Human Health (Lead author: Jay van Oostdam) - The key objectives of this report are to 
summarize the knowledge on human exposure to and possible health effects of current levels of 
environmental contaminants in the Canadian Arctic, and to identify the data and knowledge gaps 
that need to be filled by future human health research and monitoring.  Some key conclusions  
include: i) Traditional food use for women and men 20-40 years of age is highest in Inuit 
communities, followed by Dene/Metis of the NWT and then First Nations people of the Yukon.  
Age and sex are factors influencing traditional food use, with men having higher average intakes 
than women, and traditional food consumption increasing with age; ii) Inuit mothers have 
oxychlordane and trans-nonachlor levels that are 6-12 times higher than those in  Caucasians, 
Dene/Metis or Other mothers, with Baffin Inuit mothers having the highest levels.  Similar patterns 
were observed for PCBs, HCB, mirex and toxaphene; iii) in recent dietary surveys among five Inuit 
regions (Baffin, Inuvialuit, Kitikmeot, Kivalliq and Labrador), mean intakes by 20-40 year-old adults 
in Baffin, Kivalliq and Inuvialuit communities exceeded the PTDIs for chlordane and toxaphene; iv) 
the most recent findings in Northwest Territories and Nunavut indicate that almost half of the blood 
samples from Inuit mothers exceeded the Level of Concern value of 5 ug/L for PCBs but none 
exceed the Action Level of 100 ug/L.  Very low percentages of Metis, Dene and Caucasian 
mothers exceeded the level of concern; v) recent research has revealed significantly higher levels 
of mercury in maternal blood of Inuit women when compared to Caucasian, Metis, Dene or the 
‘Other’ group; vi) the ongoing Nunavik cohort study should help to shed more light on contaminant 
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exposure and potential related health effects in the areas of neurodevelopment and immune 
function; vii) in certain Arctic populations, toxaphene residues are within the same range as the 
experimental studies where effects on immune function and infant size have been observed; 

4) Knowledge in Action (Lead authors: Chris Furgal, Sarah Kalhok, Eric Loring and Simon 
Smith) - The Northern Contaminants Program (NCP) is innovative, and perhaps unique, in the 
many ways in which it generates and uses data, information and results from its environmental, 
toxicological and health research and monitoring studies to support and drive activities on fronts 
ranging from remote northern communities to the international arena.  This report examines each 
step along the way – from problem identification and priority setting, to addressing questions through 
responsible research, to interpreting results and making decisions within a benefit-risk framework, to 
communicating sensitive information with northern communities, to contributing to and driving 
political action on local, regional, national and international levels– and the supporting infrastructure 
of the program itself.  Together, these demonstrate how each element contributes to an iterative 
process of translating knowledge into action.  In particular, it may be used as a guide to 
considerations for partnership management approaches, responsible research, benefit-risk 
assessment, communication of sensitive environmental health information to northern Aboriginal 
audiences, and steps in moving knowledge into action in the international arena.  
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Introduction 
The CAES Network (Circumpolar PhD Network in Arctic Environmental Studies) is a research 
education program in the circumpolar North. The CAES was established and started its activity in 
January 1999. It is addressed to PhD students and post-doctoral scientists, with emphasis on Nordic 
countries and NW Russia.  

The purpose of the Network is to foster interdisciplinary research and partnership between young 
researchers who are engaged in natural, cultural and socio-economic aspects of arctic environmental 
studies, and to supplement other Arctic study programs. A co-ordinating role in the Network is given 
to senior researchers (international advisory board), although contribution from PhD students and 
postdocs is of greatest importance.  

The CAES Network (http://www.caesnetwork.cjb.net/) co-operates with the Circumpolar Social 
Science PhD Network (CASS) and is involved in the development of the University of the Arctic. The 
CAES Network is supported by Nordic Academy of Advanced Studies (NorFA). 

Objectives 

The objectives of the program are:  

• to break isolation between young researchers working at different institutions; 
• to inform young researchers about ongoing research projects in different research institutes; 
• to acquaint them with different regions in the Arctic and Subarctic;  
• to create a basis for co-operation: between young researchers and senior researchers, and amongst 

the young researchers themselves;  
• to create a basis for multi- and interdisciplinary research projects.  

The main activity of the CAES Network is to conduct a series of interdisciplinary research education 
courses covering important topics related to arctic environment such as the ones listed in the Table 1. 
The courses are conducted annually in various regions of the northern circumpolar countries and are 
linked to each other. Complementary activities of the Network are an electronic network, research 
workshops and mobility of young researchers (Figure 1).  

 

Approach 

Need for interdisciplinary approaches in environmental studies is increasingly recognised, therefore, it 
should also be an important aim for research education. A dialogue across discipline borders, more 
holistic approach and closer interaction with scientists and general public are all needed to understand 
and solve many of the current environmental challenges. 
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Activities of CAES encourage students for multi- and interdisciplinary approach and communication 
in their studies. CAES PhD courses include lectures and seminars similarly to common courses. 
However, they are not just classroom courses, but combine theory and practise, including:  

• observations and discussions on-site- in local and regional contextsdoing things together across 
discpline and other borders �

• visits and excursions   
• creating common points of referenceA particular attention is paid to active communication with: 

• indigenous people and local people  
• researchers 
• local authorities 
• other stakeholders and decision-makers 

Activities 

A chain of annual PhD courses has overlapping topics that make them linked to each other (Table 1). 
Each intensive course (2 weeks in duration) is designed around a key topic that is examined at 
different viewing angles. The course program started in September 2000 with the PhD course 
"Reindeer as a keystone species in the North: biological, cultural and socio-economic aspects". The 
course was focused on the topical research questions in reindeer husbandry and related environmental, 
social and cultural issues. The course was held at several locations in Northern Finnish Lapland, 
Finnmark in Norway and  Kola Peninsula in Russia 

The key topic of the course 2001 was 'Industrial impact on natural and social environments'. The 
course program covered various aspects of interaction between industrial, natural and social 
environments in Kola Peninsula, Russia. It included e.g. aspects of industrial production technology, 
arctic settlement and industry development, animal and human health, industrial impact on vegetation 
and soil and restoration ecology and many others.  

As preparatory actions for annual courses the CAES Network organises workshops with keynote 
lectures and student presentations. Between workshops and courses, information exchange is executed 
via an electronic listserver 'CAES-list' (ca. 200 subscribers). The Network also supports a mobility 
program for young researchers. 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 1. Main activities of the CAES Network. 
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Table 1. Themes of the annual PhD courses of the CAES Network. 
 
Year  CAES PhD Course____________________________________ 
2000  Reindeer as a keystone species in the North: biological, cultural  

and socio-economic aspects (Northern Finnish Lapland, Finnmark in  
   Norway and  Kola Peninsula in Russia) 
2001  Industrial impacts on natural and social environments (Kola, Russia)  
2002  Sustainable development and the environmental, political, economic  

and legal institutions of society (Luleå, Sweden)  
2003  The role of tourism in northern development (Iceland)  
2004  Global change and the Arctic (Abisko, Sweden, or Svalbard, Norway)  
2005   Forestry activities in the Subarctic: environmental assessment and simulation  

modelling (Syktyvkar, Russia)   
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The technogenic icesheet formation is common for settlements of Chukotka (Kotov, 1996; Tregubov 
& Kotov, 1996; Kotov, Maslov & Brazhnik, 1998). More than 11 % of urban building territory in 
Anadyr City is occupied by icesheets in the spring time (Fig. 1).  

 

Fig. 1. Fragment of the map of technogenic icesheets distribution in Anadyr City:  
1 - technogenic icesheets; 2 - the buildings, under which water leakage was indicated. 

 
Major sources of icesheets formation are leakages of municipal sewage and melting snow. The 
salinity of icesheets is very high and can be as high as 2 g/l (Fig. 2). Some of icesheets have increased 
contents of nitrates (ca. 48,5 mg/l). Contents of nitrates 4–5 times exceed maximum permissible 
concentration which is 17 mg/l. High contents of chrome (18õ10-3%), lead (0,7õ10-3 of %), and 
barium (70õ10-3 of %) are found in the solid residual of samples of icesheets. According to the 
bacteriological analysis the melted samples of icesheets are typical municipal sewage: Coli-index is 
900000 whereas regional rated value of municipal sewage is 1000). So, technogenic icesheets are one 
of the most dangerous sources of environmental pollution of settlements in Chukotka occupying 
relatively large plots (Kotov, Maslov & Brazhnik, 1998). 

Of special interest are natural-technogenic icesheets formed by melting snow waters. The snow cover 
within the City is the surface accumulator of any pollutants including vehicle pollution, coal power 
stations, etc., which are intensively accumulated during 8 months long winter season. For example, 
the content of lead in the solid residual of samples of melted snow exceeds 1õ10-2%. As the result of 
pollution the surface albedo decreases, and the snow melt out begins in the winter time even when 
daily average air temperature is below 0ºC. 
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Fig. 2. The salinity of icesheets in Anadyr City (mg/l). 

 
Fig. 3. Distribution of the melting snow water icesheets and of geochemical anomalies in Anadyr 
City: 1 - melting snow water icesheets; 2- negative (à) and positive (á) anomalies of chemical 
elements of the lead group (Pb, Zn, Mo, Be). 
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Fine-dispersed dredge of pollutants is accumulated by snow melted water, and the last one is 
deposited in the form of icesheet. Melting snow water icesheets (MSWI) are developed in shaded 
spots of building territory and under buildings on piles foundation. MSWI melt out very slowly, 
sometimes during all summer season. Chemical elements are re-deposited in situ, forming areas of 
polluted soil with the mean content of lead 2õ10-3%, zinc 21õ10-3%, beryllium 1,6õ10-3%, and 
molybdenum 0,12õ10-3% (Tregubov & Kotov, 1996). The positive anomalies of chemical elements of 
lead group are allocated to MSWIs as it is shown by geochemical mapping of soil within Anadyr City 
(Fig. 3).  

Because of strong and regular winds (wind speed is usually 8-19 m/sec.) throughout all the Chukotka 
the above discussed pollutants easily penetrate into organism of a man. Moreover, being included into 
biological circulation, pollutants influence plant cover, terrestrial animal world, and aquatic 
ecosystems. 
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Introduction 

Areas subject to military conflict or military training sometimes contain unexploded ordinance and/or 
explosives residues resulting from detonations.  In some cases these residues can create contaminated 
soils and groundwater.  A variety of past field and modeling studies have investigated the behavior of 
explosives in soils in warm climates, but the behavior in cold climates, including frozen soil and 
snow, has not been studied. In northern areas of military conflict, and at Army military training 
grounds in cold regions, winter weather exists for many months of the year.   The behavior of 
explosives contaminating the snow and soil must be understood in order to facilitate remediation 
efforts.  The impact of temperature and moisture changes in the soil, due to changing weather 
conditions, can have a large effect on the fate and transport of the explosives. The basic transport 
parameters (e.g. partition coefficients, diffusion coefficients) for the behavior of the contaminant in 
snow and frozen soil are unknown, yet these parameters are needed for problem assessment both for 
simple estimates and full numerical studies.   

In the absence of water movement in soil unsaturated zone, the explosives are transported by diffusion 
of the vapors which then sorb onto, and de-sorb from, the snow and soil particles.  Diffusion in this 
mode occurs all of the time, but the transport in the unsaturated zone can vary because of weather-
driven changes in temperature and moisture.  Current research is underway to develop an 
understanding and predictive capability for the diffusion of explosives in a snow and frozen ground 
environment.  Leggett et al (1977) and Jenkins et al (1999) have identified the major vapor 
components of TNT used in military explosives as isomers of dinitrobenzene (DNB), dinitrotoluene 
(DNT), and TNT.  In field studies with warm soils, Jenkins et al (1999) have studied the effects of soil 
type, moisture, and temperature on the transport of these explosives from a buried source.  All three 
display large effects on the rate of explosives transport.  This paper presents preliminary results from 
controlled laboratory experiments of the diffusion of 2,4-DNT through temperature-controlled 
columns of snow and sand.   

 

Methods 

The laboratory measurements involved the diffusion of explosive vapors through columns of sieved 
snow and through columns of sand. The columns of sand were handled in similar fashion to those in 
snow, except for initial aging and microstructure studies.  In the snow experiments, fresh snow was 
gathered from a clean area, sealed in plastic bags, and aged in a cold room at -20 oC for over a month 
in order to let the snow grains approach an equilibrium size.  Cleaned sieves were used to 
disaggregate the snow and limit the grain sizes in the experiment; the sieve grid sizes were 0.4 to 0.8 
mm.  The snow was sieved into cleaned aluminum cylindrical containers 30 cm in length; one end of 
each cylinder had been mechanically sealed with an aluminum end cap.  The cylinders were covered 
and allowed to come to thermal equilibrium with the controlled temperature box for the constant 
temperature cases. In the temperature gradient cases, the walls of the cylinders were insulated and the 
ends were maintained at different temperatures in order to induce a constant gradient across the 
samples.  The end caps were designed with a suspended aluminum holder that suspended one gram of 
the source 2,4-DNT in the airspace above the snow.  Replicate tubes of snow without explosives in 
the end caps were prepared in the same manner for measurement of snow microstructural 
characteristics.   After 6, 12, and 33 days, appropriate cylinders were opened.  Using a cleaned 
stainless steel spatula, the columns of snow sectioned in 1 cm increments and chemically analyzed 
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using high performance liquid chromatography (Jenkins et al, 1999).   The aluminum cylinders were 
cleaned with acetonitrile after the snow was removed; they contained negligible levels of explosives, 
indicating that adsorption onto the cylinder walls was not a factor.  Thick section samples of snow 
were taken for imaging analysis of snow microstructure immediately before the explosive source was 
introduced, and at the end of the experiment, in order to determine the specific surface of the snow 
and to check for possible changes in snow microstructure over time.   

 

Results 

Controlled laboratory experiments to investigate explosives diffusion through snow and frozen and 
unfrozen sand show clear transport of the contaminant due to vapor diffusion and sorption. Higher 
concentrations in the snow and faster transport occur for warmer temperatures and for smaller grain 
sizes.  Temperature-gradient induced snow metamorphism affects concentrations.  Snow 
metamorphism due to warming (crystal rounding) reduces snow concentrations, but temperature-
gradient induced kinetic grain growth in snow increases snow concentrations.   Sorption is a 
controlling feature of diffusion of explosives in both snow and sand.  In both cases, diffusion rates and 
concentration on the particles increase with temperature.  In unfrozen cold sand, higher moisture 
content causes faster diffusion rates but lower overall concentration level.  Because temperature has a 
large effect on transport, varying temperature gradients in the snow and ground due to daily or 
seasonal effects may shift the direction of transport.  Through diffusion the contaminant may migrate 
toward the surface in some conditions and migrate deeper into the soil under other conditions. In 
general, colder temperatures will slow diffusion transport of explosives contaminants through the 
ground.  Experimental results are currently being analyzed for the determination of the transport 
coefficients.  In the unsaturated zone of soils, the fate and transport of explosives and other 
contaminants are affected by diffusion as well as by liquid water movement.  Experiments have been 
initiated to investigate the effects of liquid water movement through the soil, such as would be 
induced in nature by rain.  
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1. Introduction 

Beginning on 1930-ies, two the most powerful sources of pollution in Northern Europe 
"Severonickel" and  "Pechenganickel " smelters have been operating in the Kola Peninsula. The effect 
of the smelters on the adjacent landscape has been to severely damage the forest ecosystems.  

Comprehensive investigation in Sudbury and in the Kola Peninsula  allows us to conclude that the lack 
of vegetation cover in the surroundings of smelters is associated with following factors: a - at the 
dominant part of territory the organic layer, which is the main soil source of nutrients for northern 
plants, is almost absent due to fires and erosion; b- the acidity of the kept organic layer and the 
concentration of mobile compounds of aluminium and heavy metals in it are very high, whereas the 
concentration of nutrients is very low; ñ - small resident seed bank. Therefore from two examples, in 
Sudbury and in the Kola peninsula, it follows that the limiting factors for vegetation cover 
development in barren sites are unfavourable soil conditions, including high soil acidity, deficiency of 
nutrients, soil toxicity because of high content of heavy metals, and low availability of plant seeds. On 
a basis of previous work results it can be concluded, that both agricultural and ecological approaches 
to rehabilitation of barren lands allow us to establish plant cover relatively tolerant to pollution but 
ecological approach is more preferential. 

The goal of this work was to elaborate ecological approaches to rehabilitation of barren lands in the 
surroundings of " Severonickel" and  "Pechenganickel " smelters based on the experiences in Sudbury 
and in the Kola peninsula. 

  

2. Materials and methods 

The experimental works have been carried out in the surroundings of “Severonikel” and 
“Pechenganikel” smelters. The experiments involved three main steps: 1 –treatment of soil with 
limestone and NPK- fertilizer without any seeding and planting steps; 2 – treatment of soil and 
seeding with grasses; 3 – treatment of soil and seeding and planting of tree plants. In all cases prior 
the treatment, sites were not subjected to a process called site improvement – removal of dead 
material and stones. The treatment rates of limestone and NPK-fertilizer were 2 and 0.75 tonnes per 
hectare correspondingly. Manual liming and fertilizing was carried out. Seeding of grasses was 
carried out in the beginning of the growing period (June) of 1998 and 1999.  Seed mixtures were 
comprised of grasses (Poa pratensis, Fectuca pratensis, Alopecorus pratensis, Bromopsis inermis, 
Fectuca rubra etc.) and seeding rate did not exceed 40 kg per hectare. Seeding with birch (Betula 
pubescens) was carried out in autumn 1997 and with alder (Alnus incana) - in autumn 1999.  Seeding 
rate was about 10 –15 kg/ha. Planting of willows has been carried out in August 1999 by cuttings  

The soil samples were collected in June 1997 prior the treatment and in the end of vegetation 
period 1997 and 1998 (August) from the uppermost layers of the mineral and peaty (organic) soils, 
air-dried, sieved over 1.0 mm sieves. Soil pH was measured potentiometrically, exchangeable acidity 
and aluminium were determined by extraction with 1N KCl, followed by titration, total acidity was 
estimated by extraction with 1M ammonium acetate, pH = 7, followed by titration. Atomic absorption 
spectrometry was used to determine the concentrations of metals in the soil. Phosphorus was 
determined colorimetrically.  
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3. Results and discussion 

3.1. Soil parameters 

The application of limestone + NPK- fertilizers resulted in significant (p<<0.01) decrease in active, 
total and exchangeable acidity. The concentrations of bio-available Ca, Mg, K, P increased. 

3.2. Experiments with treatment of soil without any seeding or planting steps  

The application of calcitic limestone + N-P-K- fertilizers improved the soil conditions for 
development of native plant species. This approach is especially effective in the areas where there are 
single alive trees and some patches of even strongly damaged but still alive ground vegetation. 
Practically on all experimental plots positive response on the treatment of soil demonstrated mosses, 
mainly, Ceradoton purpureus. It is well known that mosses are pioneer plants and these plants are 
usual representatives of the plants on the fist stages of succession in the natural conditions. It should 
be mentioned that moss cover could be created even in the areas without organic layer. Among 
herbaceous plants Chamaenerion angustifolium showed good pattern. Trees have been presented by 
Salix species.   

3.3. Establishment of an herbaceous cover 

The goal is to establish plant cover in order to contribute to the development of ecosystem.  The 
introduction of alien species, such as some introduced species of grasses, is not desirable but there are 
some advantages of this seeding step:  rapid establishment of plant cover and improvement of 
nutritional status of soil for succeeding colonization by native plants species, including woody plants, 
for instance willows. Good patterns of development have been demonstrated by all seed mixtures of 
herbaceous plants growing on the soils treated with CaCO3 + NPK. 

3.3. Tree seeding and planting 

Because we have short-duration experiment and small resident bank of seeds, spontaneous 
colonization of the limed barrens and grassed land by woody plants is so far confined to willow. In 
order to contribute to rapid development of tree layer seeding with woody plants, such as alder (Alnus 
incana) and birch (Betula pubescens) which are not alien in these sites, could be useful. Planting of 
willows has been carried out in August 1999 by cuttings. Cuttings of willows have been prepared 
from native plants growing on heavy polluted areas in the beginning of April 1999. These cuttings 
were planted in greenhouse and planted out in the soil close to the smelter in August. All trees have 
demonstrated good patterns of development. 

 

4. Conclusions 

In the surroundings of “Severonikel” and “Pechenganikel” smelters the soil properties are a more 
critical factor in the suppression of vegetation cover development than air quality. The simple act of 
limestone application and treatment the soil with fertilizers promote colonozation by native plant 
species: mosses, herb plants, willows in the areas subjected to air pollution. 

The limiting factors for plant cover development in the barrens are not only unfavourable soil 
conditions, such as deficiency of nutrients and toxicity of heavy metals, but also seed availability. 
Because we have small resident bank of seeds, in order to contribute to rapid development of plant 
cover, seeding with herb and woody plants could be useful.  

The results of 4-year experiment allow us to provide support for view that ecological approach to 
rehabilitation of lands subjected to air pollution can be widely used. This approach allows us: a) to 
promote colonization by native plant species; b) to establish plant cover without energy- and time-
consuming site preparation; c) to restore plant community with corresponded to environment 
structural and functional organisation; d) to establish plant community tolerant to pollution; e) to 
establish a maintenance-free plant cover. 
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Introduction 

A large part of the Komi Republic is situated in middle taiga subzone of the North-East of the Russian 
Plain. Bilberry spruce forests with Hylocomium, Dicranum and Rhytidiadelphus are the most typical 
associations. Haircap-moss spruce forests and peat moss spruce ones are found on the flat watershed 
plains and in the depressions. Pine forests growing on the waterside terraces and secondary birch, 
aspen, spruce-birch and spruce-aspen wood stands are widespread too. As a whole studied territory 
was exposed to pollution in a small degree and has protected areas. Syktyvkar Timber Industrial 
Complex (STIC) was built on the bank of the Vychegda River in the 60-s and had a significant 
influence on a large territory during last years. The organic compounds with suphur, hydrogen sulfid, 
sulphureous anhydride, mineral dust (CaCO3, Na2SO3) etc. compose industrial effluence. During 
some years the Institute of Biology carries out the study of STIC influence on the surroundings. The 
soil fauna study was one of the stages of complex estimation of STYC effect on pine forests. 
According to the data of the Department of Forest-Biological Problems in the North chlorosis, 
necrosis and constant reduction of needles were marked as the result of industrial pollution of pine 
forests The ratio of trees of different age classes changes near STIC and the destruction of vegetation 
is observed. Moreover species diversity and square of ground cover decrease. The main task of our 
study is to evaluate STIC influence on soil macro invertebrates (mesofauna in Russian terminology). 

Methods 

We analyzed systematic and trophic structures, abundance and vertical distribution of mesofauna. Soil 
samples (0.5 x 0.5 m) were taken in 1999-2001. In coniferous forests macro invertebrates were almost 
absent in mineral layer and sampling was carried out at this depth. Each sample was divided into three 
layers: leaf litter enzymatic layer and micogen humus with a small part of mineral layer.  Additionally 
litter samples (0.25 x 0.25 m) were taken in the zone of moderate effect according to the data on forest 
state. The changing of biomass have not been taken into account, since referring data (Khotko et al., 
1982) such changing is not available parameter for estimation of chemical pollution. We included into 
the study the next sites: the bilberry-cowberry pine forest in the untouched wood stand (b1), plot of 
bilberry-cowberry pine forest, kept as woodlands of width 15-20 m after the state timber purchasing 
(b2), a lichen pine forest, which is forest plantation in the logging area (b3). The bilberry-cowberry 
pine forest in the Lyali forest-ecological station of the Institute of Biology was inspected for the 
control. 

Results and Discussion 

In the studied pine foserts with different above ground vegetation complexes soil macro invertebrates 
number changed within the limits of 20-30 ind./m2 in the lichen pine forests and 130-142 ind./m2 in 
the bilberry-cowberry pine forests. In different spruce and birch- and aspen- spruce forests number 
variations were more then in studied pine forests: from 50 ind./m2 in the peat moss wood stand up to 
300-350 ind./m2 in the wood sorrel one.  Date on total macro invertebrate' number in the Lyle forest-
ecological station are represented in Fig. 1. Annual fluctuations in the pine forests are 2 – 2.5 times as 
less. Apparently a small volume of the inhabited layer can explain these data. On polluted plots 
invertebrates’ number changes from 28 up to 142 ind./m2 (Fig.2). In a series bilberry-cowberry pine 
forest – lichen pine forest this number decreases, however it is difficult to evaluate reliability of this 
reduction because of a large variation. Large soil saprophages (Lumbricidae, Elateridae) were 
practically absent on the plots B1 and B2. But the reduction of saprophages number with the 
decreasing of ground cover square is a general regularity. And the predators’ fraction is a fit 
parameter. For example predators number in bilberry-cowberry pine forest on the polluted territory 
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(B2) was almost two times as less as the control plot in Lyali station (B4) (Fig. 3). Species 
composition of predators’ trophic group on clean and polluted plots is presented in the Table. 

Table 1. 
STIC Lyali Family Species 

B1 B2 B3 B4 
Monotarsobius curtipes X X X X Lithobiidae 

M. crassipes X X X X 
Staphylinidae Staphylinus caesareus    X 

 Platydracus fulvipes    X 
 Quedius fuliginosus    X 
 Atheta boleticola     X 
 A. brevipennis X    
 Liogluta micans X X X X 
 Bolitochara pulchra X   X 
 Zyras numeralis    X 
 Drusilla canaliculata X X X  

Pterosticus oblongopunctatus X X X X 
P. melanarius X X X X 

Calathus micropterus X X X X 
Amara brunnea X X X X 

Carabus glabratus    X 
Cychrus caraboides    X 

Caeabidae 

Bembidion femoratum    X 
In total 10 8 8 16 

Conclusion 

Thus, in the soil of pine forests situated in the zone of moderate effect of Syktyvkar Timber 
Industrial Complex we observed the reduction of species diversity, the decreasing of number 
and simplification of the structure of the soil macro invertebrate’ communities. According to 
our data pine forests macro invertebrates’ complexes were more unstable and depended on 
soil humidity, micro climate, weather during season to the most degree; anthropogenic 
contamination influenced mesofauna of this wood stand in the most degree too. 

 

 

Fig. 1. Soil macro invertebrates’ number. 1 –  birch-
aspen wood stand; II – bilberry spruce forest; III – peat 
moss spruce forest; IV – bilberry pine forest. 
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Fig. 2. Soil macro invertebrates’ number in clean and contaminated pine forests with different above 
ground vegetation. 

 

 
Fig. 3. The ratio of saprophages and predators in pine forests. 
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Introduction 

The problem of the development of uranium-vanadium deposit on Zaonezhsky peninsula of Onega lake 
(Karelia) causes the danger for radio-active contamination. Moreover there is probability of the natural 
water contamination by  various metals including copper, molybdenum, reaching high content in ore of 
this type. 

The ore deposit  locates in shungitic schist and aleuvrolite on the contact with dolomites (Lower 
Proterozoic). The Precambrian bedrock is covered by Quaternary deposits which thickness is 12-17 
m. Hydrogeological condition is the unconfined aquifer including the Quaternary deposit and the upper 
fractured part of  underlying bedrock. Groundwater level is  0.3-2 m. Atmospheric water is a primary 
source of groundwater.  

With respect to the chemical composition of groundwater the following findings can be reported: the 
conductivity value is 445-1780 µS/cm, pH value is 7.1-9.8, the chemical type of groundwater  is 
HCO3-Ca or Cl-HCO3-Na. The last type of groundwater is characterized by highest conductivity and 
pH value, owing to quartz-albite and micaceous-carbonate metasomatic rocks. The contents of main 
ore elements in groundwater are (µg/l): uranium  0.08-187,  vanadium 0.08-15.3, molybdenum  0.09-
13.6,  copper 0.46-84.2, selenium 0.5-2.45. The highest radon content is 700 Bk/l. 

It is the purpose of this paper to (1) determine the possible dissolved inorganic forms of some elements 
in natural water, (2) forecast the behavior of main components under the mixing of the mining water 
(groundwater) and surface water when groundwater will be pumping and descharging to river. 

Methods 

Physic-chemical modeling of multicomponent systems of natural water has been accomplished on the 
basis of principle of the equilibrium system free energy minimization (program complex Selector-C).  

The construction of models consists of calculation of equilibrium water-atmosphere system. The 
common multisystem Al-Ar-C-Ca-Cl-F-Fe-K-Mg-Mn-N-Na-Ne-P-S-Si-Sr-V-U-Mo-Cu-H-O has 
been computed with  164 components in liquid and 12 in gaseous phases on the basic of water sample 
analysis and atmosphere composition. The gaseous  phase has been considered as the ideal mixture of 
real gases and included the following components: Ar, Ne, S2, SO2, H2S, O2, N2, CO2, CH4, H2, NH3, 
H2O-gas. The modeling has been made under 25o C and 1 bar. 

Conclusions 

The modeling reveals that practically all uranium in large  pH intervals exists as uranium (VI) carbonic 
complex: [UO2(CO3)3]4-, [UO2(CO3)2]2- and [UO2CO3] (Table 1). The uranium (V) as [UO2]+ exists 
under negative  Eh potential conditions. The main part of vanadium and molybdenum under oxygen 
conditions are as follows: [H2VO4]-, [HVO4]-2 and [MoO4]-2, [HMîO4]. The various vanadium (III) 
and vanadium  
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Table 1. Measured and computed parameters of chemical composition of groundwater 
Well 1     Well 13  
 Parameter    Parameter  

 Measured, mg/l Computed, mg/l   Measured, mg/l Computed, mg/l 
pH 7.12 ðÍ 7.122  pH 9.76 ðÍ 9.763 

  Eh, V -0.2358    Eh, V +0.6377 
  Ionic strength 0.009657    Ionic strength 0.004717 

Al 0.0809 Al(OH)4
- 0.1051  Al 0.0881 Al(OH)4

- 0.1363 
  AlO2

- 0.0832    AlO2
- 0.1079 

  HAlO2* 0.0164  Ca 8.77 Ca(CO3)* 8.9608 
  Al(OH)3* 0.0151    Ca+2 5.0726 
  Al(OH)2

+ 0.0010    Ca(HCO3)+ 0.1871 
Ca 53.48 Ca+2 50.3318    CaSO4* 0.1186 

  Ca(HCO3)+ 7.1669  Cl 21.90 Cl- 21.8943 
  Ca(CO3)* 0.7657  Fe 2.036 Fe(OH)4

- 4.3986 
  CaSO4* 0.0111    Fe(OH)3* 0.1013 

Cl 5.7 Cl- 5.6937  K 4.77 K+ 4.7652 
Fe 7.003 Fe+2 7.0029    KSO4

- 0.0087 
  FeSO4* 0.0008  Mg 3.20 Mg(CO3)* 2.6473 
  FeCl+ 0.0009    Mg+2 2.4055 

K 3.87 K+ 3.8674    Mg(HCO3)+ 0.1204 
Mg 17.47 Mg+2 16.5212    MgCl+ 0.0020 

  Mg(HCO3)+ 3.1920  Mn 0.02089 MnO4- 0.0432 
  Mg(CO3)* 0.1566    MnO4

-2 0.0020 
  MgCl+ 0.0033  Na 74.96 Na+ 74.884 

Mn 0.2907 Mn+2 0.2907    NaHSiO3* 0.2672 
Na 10.62 Na+ 10.6196    NaCl* 0.0172 

  NaCl* 0.0006    NaOH* 0.0011 
  NaHSiO3* 0.0006  P 0.0306 HPO4

-2 0.0941 
P 0.0507 HPO4

-2 0.3187    PO4
-3 0.0004 

  H2PO4
- 0.2951    H2PO4

- 0.0002 
S 1.60 HS- 0.8639  S 2.97 SO4

-2 8.8200 
  H2S* 0.5962  Si 1.509 SiO2* 1.8033 
  SO4

-2 0.1020    HSiO3
- 1.6249 

Si 6.447 SiO2* 13.7706  Sr 0.1311 Sr+2 0.1053 
  HSiO3

- 0.0291    SrCO3* 0.0433 
Sr 0.1694 Sr+2 0.1691  V 0.00276 HVO4

-2 0.0080 
  SrCO3* 0.0006  U 0.0254 UO2(CO3)3

-4 0.0470 
V 0.0043 VO+ 0.0059    UO2(CO3)2

-2 0.0009 
  V(OH)2

+ 0.0034  Cu 0.0047 Cu(CO3)2
-2 0.0125 

U 0.0029 UO2(CO3)2
-2 0.0024  Mo 0.0110 MoO4

-2 0.0103 
  UO2(CO3)3

-4 0.0017    HMoO4
- 0.0082 

  UO2
+ 0.0005    HCO3

- 105.1601 
Cu 0.0029 Cu+ 0.0029    CO3

-2 34.4117 
Mo 0.0008 H2MoO4 0.0013    CO2* 0.0266 

  HCO3
- 449.4911    N2* 15.3867 

  CO2* 48.5266    NO3
- 2.2701 

  CO3
-2 0.3626    NO2

- 0.0460 
  CH4* 0.0053    O2* 5.9155 
  NH4

+ 50.0467      
  N2* 17.4194      
  NH3* 0.3272      
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(IV) forms migrate under negative Eh potential as follows: [VO]+, [VOH]+2, [V(OH)2]+, [VOOH]+ 
and the molybdenum is computed as [H2MoO4]. The copper in alkaline oxygen’s groundwater forms 
carbonic complexes, in neitral water dissolved copper is mainly as Cu+2 and small as  [CuOH]+.  

The modeling of water mixing considers the ratio of surface water volume to groundwater volume 
between 1000/1 and 1000/1000. Chemical composition of alkaline groundwater and neutral water of 
nearby waterway (the Padma River) was considered. The increase of groundwater volume leads to 
the increase of pH value and Cl-, K+, Mg+2, Na+, Sr+2, uranium-, copper-, vanadium complex 
concentrations (Table 2). The Ca2+ concentration increases more slowly, the Mn2+ concentration 
decreases rapidly. The prevalence of anion forms of uranium, molybdenum, vanadium promotes the 
dissolved transportation of these elements in surface water. Chemical analysis testify that uranium, 
molybdenum, vanadium concentrations increase (up to 0.6 mg/l, 0.1 mg/l, 0.009 mg/l respectively)  
under surface condition in the process of ore dissolution. 

 
Table. 2. Modeling results of groundwater and surface water mixing (mg/l) 

Volume ratio 1000/1 1000/10 1000/100 1000/1000 

Parameter     

pH 7.24 7.27 7.62 8.98 

Ca+2 7.25 7.31 7.87 10.83 

Cl- 0.52 0.74 2.92 24.73 

K+ 0.21 0.26 0.74 5.53 

Mg+2 2.66 2.69 3.02 5.63 

Mn+2 0.0289 0.0290 0.0301 0.0004 

Na+ 1.35 2.25 11.25 101.20 

Sr+2 0.0174 0.0189 0.0341 0.1708 

UO2(CO3)2
-2 0.000159 0.000394 0.002868 0.001542 

UO2(CO3)3
-4 4.59E-06 0.000018 0.000487 0.036686 

HVO4
-2 0.000084 0.000092 0.00019 0.001092 

H2MoO4 0.000191 0.000398 0.002466 0.022401 

Cu(CO3)2
-2 0.000012 0.000016 0.000167 0.010076 
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State of bottom biocenoses of the Arctic rivers under oil contamination 
 

Olga A. Loskutova 
 
Kommunisticheskaya 28, Institute of Biology Komi Science Center, 167982, Syktyvkar, Russia 
 

Introduction 

In autumn 1994 there was oil spill in the Kolva basin (a second order tributary of the Pechora river). 
This resulted in oil pollution of water catchments of small left tributaries of the river, by which oil 
reached the Kolva, the Usa and the Pechora. The Kolva river was contaminated by oil in the course of 
30-40 km, the Usa river – in the course of 21 km, the Pechora river – 40 km. Since 1995 aquatic 
communities in the Kolva basin have been monitored to reveal their features of development and 
functioning and to determine results of conducted purifying measures and processes of self-
purification of the river. 

 

Methods 

In summer time 1995 – 2001, samples of hydrological material in the Kolva, Usa, Pechora river 
basins were taken.  

The site of the Kolva river (150 km from the mouth), as well as oil-polluted sites and clean streams 
were studied. Samples were collected on 6 alignments, on each of them 3-4 samples were taken. 
Benthos of the Usa river was studies by us on the site lower the emptying of the Kolva, benthos of the 
Pechora river – lower the emptying of the Usa river. All in all 230 samples of benthos were collected. 
Samples in the river mouth were taken by a hydrological scraper with the length of the blade 30 cm, 
in the premouth silty sites – by a lighten Peterson’s bottom scoop and were treated by standard 
methods (Shubina, 1986). At sample ablution gas ¹ 43 was used.  

 

Results  

Hydrobiological works in the Kolva basin had been conducted earlier in 1955 (Popova, 1959a; 1959b; 
1962). According to these data, in 1955 benthos population, which inhabited the mouth of one of the 
streams (the Palnik-shor stream), consisted of 9 taxonomic groups. Cladocera dominated. Mayflies 
and caddis flies were determined. In 1995 after the accident samples were taken in an oil polluted part 
of the stream in May and July. In May all banks in the mouth area of the stream were covered with 
oil. The stream mouth was enclosed by three rows of bon fences, which held a great amount of oil. 
Down the bons along the left bank of the river there was a thin oil layer. In the riverbed oil collecting 
was conducted. In spring time, only 2 groups were determined – chironomides and copepodes (Table 
1), chironomides constituted 90% in number and in biomass. In July a thin oil layer was observed and 
on the banks there were oil spots. In the samples taken before the last fence among silt there were oil 
conglomerations of the egg size and smaller. In summer in the stream mouth poor community of 4 
taxa developed. Oligochaeta and Nematoda groups added. Oligochaeta constituted more than a half of 
benthos number, and Chorinomidae and Oligochaeta larvae dominated in biomass. In 1996, the 
number of groups was 5 because of two-winged flies larvae. Moreover, Crustacea, Nematoda and 
Insecta larvae constituted less than 1 % in biomass. Share of Oligochaeta considerably increased in 
comparison with the previous year and was a bit low than the share of Chironomidae (Table 1). In 
1997 benthos fauna became more diverse. Besides Chironomidae – mayflies, stone fly and buffalo 
gnat, there were larvae of other amphybiotic insects. Chironomidae and Oligochaeta dominated in 
quantitative indices. Number and biomass of benthos consecutively increased, number of organisms 
was 59.2 thousand individuals per square meter. It should be mentioned that in post-accident period 
benthos quantitative characteristics in polluted sites of streams with sandy soil were 500 – 1000 times 
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lower than background. Stony soil of streams are well aerated and occupied quicker. By 1998, at these 
sites up to 8 groups of invertebrates were found. 

 

Table 1. Changes of indices of benthos of the Palnik-shor stream after the accident 
Indices 1995 1996 1997 

Number of groups 4 5 7 
Average number, 
thousand inds/m2 

1.2 12.8 59.2 

Average biomass,  
g/m2 

0.3 1.7 5.8 

Oligochaeta – 53% Chironomidae - 48%; 
Oligochaeta – 47% 

Chironomidae – 49%; 
Oligochaeta – 32% 
 

Dominant groups: 
in number 
 
in biomass Chironomidae – 45%; 

Oligochaeta – 36% 
Chironomidae – 57%; 
Oligochaeta – 43% 

Oligochaeta – 49%;  
Chironomidae – 40% 
 

 

Indices of number and biomass were only 3 – 10 times lower than background. Benthos fauna of 
sandy-silty soil of mouth sites of other river tributaries, floodplain of which were in the zone of oil 
spill, consisted of 5 – 8 hydrobiont groups. At the same time in mouths of the pure streams under 
study 12 groups of benthos organisms were determined. 

According to our studies conducted above the area of oil spill in 1995, but under conditions of chronic 
oil contamination from the objects of oil-producing industry, in the riverbed of the Kolva river rather 
diverse population was determined. It was represented by 20 groups of hydrobionts with 
Chironomidae larvae dominating in number. The average number and biomass are low and are 1 
thousand inds./m2 and 0.4 g/m2 correspondingly, which is lower previous values.  

In the zone of oil spill the main attention was paid to the riverbed sites situated downstream the 
mouths of oil-contaminated rivers. Fauna is poor there and is represented by 3-6 groups of benthic 
organisms with the considerable share of Oligochaeta. Only at the distance of several kilometers from 
the mouths of oil-contaminated rivers, fauna of the riverbed was represented by 10-13 groups with the 
domination of invertebrates, corresponding to the background state of the river. Many-years’ 
dynamics of benthos development testifies to the reduction of its number and biomass on the second 
and third year after the accident. Next years some increase of the number and biomass is observed, but 
nevertheless quantitative parameters of benthos development in all alignments of the river remain 
low.  

Benthos of the Usa river near the mouth of the Kolva river was studied before by O.S. Zvereva 
(1962). The author established that population of the bottom of the riverbed is poor and is represented 
mainly by Nematoda, Oligochaeta, Chironomida larvae. Our studies showed that benthic population 
consists of 11 groups. The average number and biomass are 4.8 thousand inds/m2 and 0.7 g/m2 
correspondingly (Table 2). The most numerous representatives of the fauna are Oligochaetae (39.6% 
of benthos number) and Nematoda (37.2%), Chironomida larvae constitute only 15% of benthos 
number. Oligochaetae determine benthos biomass – 37.8%, the second place in biomass is taken by 
Chironomida larvae - 34%. 

Benthos was poorer downstream the confluence of the Kolva river. In bottom grounds there were 
observed oil conglomerates, on water surface – oil pellicle, stretching from the mouth of the Kola 
river. In this site of the riverbed only 5 groups of hydrobionts with low number were found (0.7 
thousand inds/m2) and biomass (0.5 g/m2). There were no mollusks, crustaceas, as well as mayflies 
larvae and stoneflies larvae in benthos composition. In the medial of the river practically all benthos 
groups, determined by this site, are present. Benthos of the left-bank part of the river is distinguished 
by the considerable number – 10.5 thousand inds/m2.  
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Table 2. Benthos of the Usa and Pechora rivers  
Usa Pechora 

Number Biomass Number Biomass 
Groups 

inds/m2 % mg/m2 % inds/m2 % mg/m2 % 
Nematoda 1772.3 37.2 1.79 0.3 208.1 2.4 0.21 <0.1 
Oligochaeta 1890.7 39.6 264.6 37.8 1290.4 14.8 106.56 7.0 
Cladocera 48.1 1.0 0.48 0.1 2367.0 27.0 23.67 1.6 
Ostracoda - - - - 2.78 <0.1 0.03 <0.1 
Copepoda 88.8 1.9 0.32 0.1 374.6 4.3 3.75 0.3 
Mollusca 48.1 1.0 66.60 9.5 5.6 0.1 8.33 0.6 
Hydracarina 14.8 0.3 11.47 1.6 8.3 0.1 1.39 0.1 
Ephemeroptera, lv. 125.8 2.6 74.0 10.6 24.98 0.3 5.27 0.3 
Plecoptera, lv. 11.1 0.2 2.22 0.3 44.4 0.5 40.79 2.7 
Chironomidae, lv. 706.7 14.9 238.65 34.0 4351.2 50.0 1290.93 84.9 
Chironomidae, pp. 29.6 0.6 20.35 2.8 - - - - 
Ceratopogonidae, lv. 25.9 0.5 14.8 2.1 19.4 0.2 11.93 0.8 
Diptera, n/det. 11.1 0.2 5.55 0.8 25.0 0.3 26.36 1.7 
Total: 4773.0 100.0 700.83 100.0 8721.8 100.0 1519.22 100.0 
 

Benthos of the Pechora river consisted of 12 groups of benthic organisms (Table 2), among which 
Cladocera and Chironomida larvae prevailed. Chironomida larvae constituted the basis of benthos 
biomass – 84,9 %. The number of benthic organisms was 8,7 – 13,6 thousand inds/m2, biomass – 1.5 
– 2.5 g/m2. 

 

Conclusion 

Bottom grounds of the studied rivers, represented by sand, having weakly adsorption capacity, 
sufficient speed of current prevent from thickening and accumulation of oil in the riverbed of the 
Kolva and Usa river. However, chronical oil contamination, as well as accidental oil ejection, led to 
decrease of quantitative parameters of benthos development in the riverbed. Benthic communities of 
small streams, as well as sites of the main riverbed downstream their mouths, especially suffered. In 
the region of the accident, structure of benthic population gradually changed toward the mouth of the 
river, where because of lower current speeds, the riverbed becomes silty and oil is accumulated. It is 
also typical for the site of the riverbed of the Usa river, situated directly near the mouth of the Kolva 
river. On the whole, the structure and quantitative development of benthic communities of the Usa 
and Pechora rivers correspond to natural state. 
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Introduction 

Timan-Pechora oil-and-gas bearing province, situated in the North-East of the European part of 
Russia, is one of the oldest regions of oil production in the former USSR. Oil contamination is a 
widespread type of anthropogenic impact on aquatic ecosystems of this region. According to the 
observations of 1993, 96.2 % of the studied rivers and lakes of the coast of the Barents Sea contained 
oil and oil products in concentrations exceeding maximum permissible levels (MPC=0.05 mg L-1) of 
“Rules of protection of surface waters from contamination by waste water”, approved in Russia in 
1974 (Khokhlova, 1996). 

In the result of oil spill in 1994, 14 - 150 thousand tons of oil got into the Kolva river, a second order 
tributary of the Pechora river. Next years especially during spring flooding, oil concentration in the 
water coarse reached several hundreds of MPC. However, in 1998-2000 after conducting main 
activities on cleaning the territory after oil spill, oil concentration in water of the river exceeded MPC 
inconsiderably. 

Oil contamination of aquatic ecosystems in the region was usually accompanied by increased content 
of organic matter, chlorides, ions of various metals: iron, copper, zinc. High concentrations of metals 
in water of the studied rivers and lakes are connected first of all with peculiarities of geochemical 
processes of formation of their composition.  

Obtained by different authors results of observations on the reaction of zooplankton on oil 
contamination often contradict experiments. Whereas laboratory experiments on toxicity usually 
presuppose death or serious damage of organisms during several days, according to data of field 
studies it is difficult to find the influence of even catastrophic oil spills on plankton (Nelson-Smith, 
1977).  

 

Methods 

The used material included zooplankton samples collected in August 1992 in Lakes Naul-To and 
Bolshoy Toravey and in July 1993 in the same places and in premouth parts of the Oma, Chesha, 
Vizhas, Pesha, Chernaya, More-Yu, Korotaikha, Nakharyakha, Yamalyakha rivers, in small lakes of 
their river basins (60 samples) and in the Kolvin river system in 1995-1998, 2000 (200 samples). 
Samples were taken with the use of Apshtein’s plankton net with kapron sieve ¹ 75 and fixed by 4–
% formaldehyde solution.  

 

Results 

In plankton samples from the studied oil-contaminated water bodies we found 132 species and forms 
of invertebrates, 76 from them – Rotatoria, the rest - Crustacea.  

In rivers and lakes of the coast of the Barents Sea 63 species were registered: 39 – Rotatoria, 19 – 
Cladocera and 9 Copepoda. At oil content in water from 0.10 to 0.51 mg L-1 indices of number and 
biomass were on the average in the rivers 475.47 thousand inds. m-3 and 1.67 g m-3, in the lakes – 
203.67 thousand inds. m-3 and 0.73 g m-3 and widely varied (Table). In most of the lakes (80 %) 
rotifers dominated in number, their abundance was more than 75% of the average plankton number. In 
biomass crustaceans prevailed in plankton. Comparison of oil concentration in samples with 
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quantitative plankton development in the rivers allowed to reveal moderate positive connection 
between the degree of contamination and total number and biomass of Rotatoria and Copepoda (r = 
0.63-0.64; P < 0.05).  

Rotifers Euchlanis sp., Keratella cochlearis (Gosse), K. quadrata (Müller), Kellicottia longispina 
(Kellicott) were met most often (in 36 % of the rivers) in the water bodies of the coast of the Barents 
Sea.  

 

Table. Indices of zooplankton development in water bodies of the coast of the Barents Sea, July, 
August, 1993. 
Water body Oil concentration,  

mg L-1  
(Khokhlova, 1996) 

Number of 
species 

Number, 
thousand  
inds. m-3 

Biomass, 
g m-3 

Rivers:     
Yamalyakha  0.10 7 0.46 0.005 
Korotaikha  0.12 6 148.91 0.232 
Vizhas 0.22 3 1.10 0.002 
Bezymyannya  0.22 10 243.26 5.351 
More-Yu 0.28 9 5.33 0.012 
Naryakha  0.28 9 27.95 1.256 
Õóòàåíêà 
Khutaenka  

0.30 14 112.50 0.439 

Oma 0.38 10 1.20 0.026 
Pesha  0.38 3 1.47 0.015 
Khanoveiyakha  0.50 1 4212.50 9.356 
Lakes:     
Naul-To 0.44 30 28.35 0.078 
Toravey  0.44 12 108.67 0.830 
Bezymyannoe  0.51 5 474.00 1.273 
 

On the territory of the North-East of the European part of Russia intensive oil contamination was 
registered in the Kolva river basin in the last decades. In 1995-1998, 2000 in the Kolva river system in 
zooplankton composition 115 species and forms were registered: 66 – Rotatoria, 27 – Cladocera and 
22 – Copepoda. Diversity of plankton fauna in the riverbed increased with years. It can be judged by 
the change of the number of the found species of invertebrates comparing samples of each year. In 
2000 in the watercourse the number of registered taxa was more than 2.5 times higher in comparison 
with 1995 and 5 times more in comparison with 1955 (control) (Popova, 1962). The increase of 
zooplankton diversity was mainly owing to Rotatoria. From 1995 to 2000 the number of Rotatoria 
species in the river increased from 9 to 46. And widespread in the region trivial species were always 
present in the river. Enrichment of fauna occurred owing to the development of new species. In our 
opinion, appearance of some species of invertebrates in the riverbed of the Kolva river which were not 
met there before is connected with the regulation of the riverbeds of its left-bank tributaries, others – 
with the increase of medium saprobity.  

From 1995 to 2000 indices of qualitative zooplankton development in the Kolva river also increased 
1000 times (Figure). In control samples (1955) abundance of zooplankton in the riverbed ranged 
within the limits 0-1 thousand inds. m-3 (Popova, 1962). In 2000 the number of zooplankton was on 
average – 150 thousand inds. m-3, biomass – more than 3.5 g m-3.These indices were comparable or 
exceeded ones in large lake systems of the same climatic zone in which the studied lake is situated. 

 

Conclusion 

In the composition of communities of the coast of the Barents Sea and the river of the Pechora river 
basin 132 species and forms of plankton invertebrates (Rotatoria, Cladocera, Copepoda), resistant to 
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moderate and high oil contamination (up to 10 mg L-1), were found. Contamination had a stimulative 
effect which revealed, first of all, in the tendency of number and biomass increase of plankton 
invertebrates in water with higher oil content (0.5 mg L-1) in comparison with mediums with lower 
concentrations (0.1 mg L-1) and, secondly, in successive, from year to year, increase of species 
diversity and quantitative characteristics of plankton development at reduction of pollutant 
concentration. 

Fig. Dynamics of oil content (mg L-1) (Barenboym et al., 2000) and number of zooplankton groups 
(thousand inds. m-3) in the Kolva river 
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Introduction 

In the north regions oil pollution of an environment represents a serious ecological problem today. 
Despite of an obvious urgency, the behavior of the oil pollution in the soils of cryolithozone is 
investigated insufficiently. First of all, mechanisms and laws of oil transportation and accumulation 
into frozen and freezing soils are investigated poorly.  

 

Methods 

In this report the data of the laboratory researches which have been carried out during several last 
years at the Geocryology department of MSU are represented. Researches spent using specially 
developed methods for complex study of oil migration into frozen and freezing soils (Chuvilin et al., 
2001 a, b). As a result of the experiments the qualitative and quantitative dependences of oil migration 
from the various factors were received. It has revealed main mechanisms of oil pollution migration 
into cryogenic soils.  

 

Results and Discussion  

The experiments have shown that interaction of the sample surface and oil results to significant 
penetration of the pollutant deep into the frozen sample. Thus the degree of pore filling with ice (G) 
influences the penetration of the oil most of all. The G increasing (from 0,4 up to 0,8) results in 
essential decrease of the oil transportation intensity (in the order and more). The oil penetration in 
frozen soils of varying dispersion is also fixed at a high degree of pore filling with ice (more than 0,8). 
During the experiments the laws of oil penetration in frozen soils with high degree of pore filling with 
ice were received depending on their composition, cryogenic structure, salinity and also oil 
composition and properties and temperature of an environment.  

Results that have been obtained lead to the conclusion that oil contaminations mainly migrate through 
the pore canals and the microcracks that are not occupied with ice. Capillary transportation of oil 
components is predominant; in the case of too thin canals surface transportation is predominant. 
Dissolved in the water oil components diffusion in the films of unfrozen water does not contribute a 
lot into the transportation. It can be confirmed by the comparative analysis of oil accumulation in 
frozen samples with varying content of unfrozen water.  

So, the increase of oil accumulation in kaolinite clay samples at temperature downturn from -1,5oC up 
to -7 îÑ was fixed (fig. 1). This maximum can’t be caused by carry of oil soluble components in 
unfrozen water films; because the unfrozen water quantity at temperature downturn is decreased. 
Received data testify about the oil transportation decrease at the rise of unfrozen water quantity. The 
experiments with clay frozen samples of various initial salinity confirm this fact also. Oil 
transportation was decreased at both increase of sample initial salinity and unfrozen water content 
(fig. 1). Thus, the basic oil transportation was carried out apparently in unfilled porous space and 
microcracks of frozen soils. Its are filled by unfrozen water at high negative temperature and salting 
of soils. This prevent to migration of oil which is poorly soluble. The microcracks are characteristic 
elements of the top horizons structure of natural frozen soils. 
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Fig 1. Accumulation of the oil by the heigh of 
frozen samples (kaolinite clay; G=0,85-0,95; 
interaction time 7 days); 

1: t= -1,5 oC;  2: t= -7 oC; 3: t= -20 oC; 4: t= -7 oC, 
salinity of sample - 0,4 í.NaCl. 

Fig. 2. Dependence of expulsion coefficient of 
oil from freezing velocity in the sand samples. 

 

The intensity of oil transportation with rise of dispersion increased in some times at low negative 
temperatures (-7 îÑ). This caused by increase of microcracks in fine-dispersed frozen soils apparently. 
The presence of ice lens in frozen soil reduces the oil migration. Continuous ice lens practically break 
contaminant flow. The experiences shown, that the oil penetration in frozen soils at very low negative 
temperatures (up to -20 îÑ and below) is fixed. Light oils with low negative hardening temperatures 
have most mobility. However, the components of hardened oils penetrate into frozen soils also.  

Freezing of the water-saturated oil contaminated soils is accompanied by redistribution of oil.  Its 
intensity is determined by soil structure, structure and properties of oil and freezing conditions. The 
direction of oil migration mainly depends on the soil composition (Chuvilin et al., 2001c). During the 
freezing of the coarse-grained soils there is oil cryogenic concentration in the thawed zone near the 
freezing front. During slow freezing 70% of contaminator can be expulsed  from frozen zone of 
sample. The mechanism of oil cryogenic concentration is caused by occurrence of crystallization 
pressure of ice at freezing of porous water. The oil is fixed on a place by crystallizing water at 
increase of freezing velocity. On experimental data oil redistribution at freezing velocity is higher 
than 2 cm/hours was not fixed (fig. 2).  

At freezing of fine-dispersed soils water flow directed into frozen zone influence on the oil 
transportation. The oil can be transported by water flow at its high intensity (advective transfer). It 
results in accumulation of oil in frozen zone of sample. This process is local.  Decrease of water flow 
result in expulsion of oil by crystallizing water into thawed zone.  

In the whole oil with low hardening temperature are characterized of mostly mobility in freezing soils. 
However, oil, which hardened in the phase transition field, can be redistributed as a result of its 
separate on various mobility components.  
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In the past decade the anthropogenous impact on the  ocean has strongly increased. A particular 
concern is aroused by the ecological state of the Eurasian marginal seas. The urgency of carrying out 
the exploration in this region is also associated with planning new aspects of the economic activity. 

The aim of the research study was to estimate the ecological state of marine bottom ecosystems in 
marginal seas of the Russian Arctic under different anthropogenous impact. 

In order to evaluate the integral toxicity of marine waters and sediments in the Eurasian marginal seas 
the bioassay method is used. Meiobenthos is used as biomarker of environmental stress, since there 
are different advantages in meiofauna over macrofauna in pollution studies. 

The study was done on material collected during expedition “The Seas and Estuaries of the Russian 
Arctic” (MERA-95). The measurements and samples were collected on stations (7-53 m deep) in 
Barents Sea, Kara Sea, Laptev Sea, East Siberian Sea and Chuckchee Sea (in August to October, 
1995). During cruise the water masses, marine sediments and benthos were studied. The different 
toxicants level was also registered. The full list of environment characteristics made up about 50 
parameters. 

Meiobenthos of the Russian Arctic seas includes the following groups. Eumeiobenthos included 
Foraminifera, Cnidaria, Turbellaria, Gnathostomulida, Nematoda, Kinorhyncha, Gastrotricha, 
Loricifera, Tardigrada, Harpacticoida, Ostracoda and Halacarida. Pseudomeiobenthos includes 
Nemertini, Oligochaeta, Polychaeta, Tanaidacea, Cumacea, Amphipoda, Gastropoda, Bivalvia and 
Asteroidea. The density of meiobenthos varied from 10 up to 2050 thous.  ind./m2, and biomass - from 
255.1 up to 47327.9 mg/m2. 

The density of eumeiobenthos varied form 9 to 1955 thous.  ind./m2, biomass is based in the range 
from 84.3 to 9467.1 mg/m2. Quantitatively, forming accordingly 55.5 % and 25 % of eumeiobenthos 
density, Nematoda and Harpacticoida dominated. Minimum and maximum values of Nematoda 
density was 4 - 860 thous. ind./m2, but biomasses – 6.5 - 1393.2 mg/m2. The density of Harpacticoida 
made up 2.5 - 970 thous. ind./m2, biomasses  - 13.9 - 5393.2 mg/m2. 

The density of pseudomeiobenthos ranges from 1 to 207.5 thous. ind./m2,  biomass - from 170.8 to 
41208.2 mg/m2. Polychaeta  and Bivalvia density reaches  62.1 and 38 % respectivelly. 

During  study of the quantitative distribution of meiobenthic groups it is revealed that as a rule 
eumeiobenthos dominate on total density of meiobenthos, the dominance of pseudomeiobenthos is 
supervised on a biomass. This proportion is defaulted on one station in the Pechora Sea. The density 
of pseudomeiobenthos here reaches 60.5 % of total density of meiobenthos. The minimum values of 
the quantitative characteristics of meiobenthos are dated for primary ports lengthways trasses of 
Northern Marine Path (Amderma, Dikson, Tiksi, Pevek), and also in Yenisey Gulf. It is necessary to 
mark region of a port Tiksi where number and biomass reach the minimum values - 10   thous. ind./m2 
and 255.1 mg/m2, respectively.   

Relations between the main environmental factors and the meiofauna distribution have been found as 
result of multiple regression analysis. Spatial distribution of the meiobenthos appears to determine the 
following factors: pH value, the contents of clay minerals and organic matter in sediment, Cs-137 
concentration and oxygen. Except the listed parameters the distribution of separate meiobenthic 
groups is influenced by the contents of carbonaceous carbon and asphaltenes, heavy metals (Co, Cu, 
Ni and V) and radioactive elements (Cs-137, K-40, Ra-226). It is remarkable that the increase of the 
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heavy metals concentration always results in reduction of meiofauna density. These elements are the 
typical toxicants. To evaluate the influence of radioactive elements on the meiobenthos distribution  
the special research is required. 

As a rule the variety of toxicant content do not exceeds background level.  The ecological state of 
marine bottom ecosystem do not cause the alarm excepting individual areas: the basic ports of 
Northern Sea Route (Amderma, Dikson, Tiksi and Pevek). It is especially noted that the maximum 
Cs-137 concentration (50.3 Bq kg-1) have been registered in Yenisey Gulf. 
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Monitoring of the State of Northern Ecosystems on the Base of 
Environmental Factor Dependent Flavonoids Accumulation in Plants 

 

Peter A. Kashulin, Natalya V. Kalacheva, Peter M. Zhiboedov  
 
Polar-Alpine Botanical Garden-Institute, Kola Science Center, Russian Academy of Science, 184209 
Apatity, Russia 
 

For the further development of the ways of informative monitoring and assessment of the vital state of 
northern ecosystems and predictive purposes it is desirable to control at least the key current 
physiological processes in the dominant plant organisms which those include. The environmental 
changes can induce the definite adaptive changes in routine biochemical pathways in a plant organism  
some of which may be of especial interest for environmentalists and practically used as a bio indicator 
systems. Our obtained earlier results and other available data allow one to state that the some phenolic 
compounds in plant can be used as useful and very sensitive tool for the reliable ecological bio-
indication (Borman and Teramura, 1993; Kashulin et al., 1999; Zhiboedov et al., 1999). It was found 
that the environmentally induced triggering in biosynthetic pathways underlying flavonoids synthesis 
my result in the 10-15 fold changes of their original basal level which in turns underlie the sensitivity 
of such reactions to external influence. The sensitivity provide the require experimental base for the 
background monitoring of the state of the plant which periodically undergone by effects of some bio-
active weak environmental abiotic climatic and geophysical factors. The general significance of the 
definite geophysical and more remote heliogeophysical or galactic events or/and  processes for 
biological systems with the accent on temporal and cyclic aspects was the main matter of special 
research direction within so called BIOCOS (The BIOsphere in the COSmos) project supervised by F. 
Halberg and G. Cornelissen in Chronobiology Center, University of Minnesota (Halberg et al., 2001). 
We have been initiated application of these chronobilogical approaches for the bio-systems located in 
avroral and polar cape zones in northern hemisphere where the enhanced mean ground level of 
geomagnetic, solar, galactic protons rays and other activity takes place (Kashulin and Roldugin, 
2000). The ecological significance of the geophysical factors in long-tern temporal scale for the 
northern ecosystems existence should be really evaluated in terms of specific and sufficiently 
sensitive to such effects bio-sensor objects. It is known that the enhanced levels of physical factors, 
for instance, UV-radiation may result in several structural and functional modifications in plants. 
Among a whole plethora of plant responses on UV rays and other physical factors there are a common 
and non specific ones which can specifically triggering the alternative biochemical pathways which 
are as follows: the increased synthesis of UV absorbing compounds, such as flavonoids and other 
polyphenols, with protective functions, the intracell generation of oxygen activated forms species 
simultaneously with activation of photo-reactivation system and defensive mechanisms on the base of 
synthesis of antioxidants and the specific scavengers of free radicals. The enhancement in antioxidant 
activity with an increased UV-B component in solar radiation or some other physical effects may be 
considered as beneficial. Recent data suggest that changes in flavonoids composition with exposure to 
enhanced UV-B (280-315 nm) radiation can, in some plant species preferentially result in a shift 
towards major antioxidant compounds (Borman, and Teramura, 1993; Cen 1993; Borman et al., 1997; 
Olsson et al., 1998).  

The aim of work presented was analysis of the possibility to use the plant phenolic constitutes as a 
possible sensitive index to monitor the terrestrial background long-term geophysical effects caused by 
the enhanced fluctuations in solar activity and their significance in adaptive reactions in some 
subarctic alpine forest-tundra plants.     

The biological role of possible effects of the abrupt sudden changes in solar activity and respectively 
induced global atmospheric processes in the long-term existence which are typically greatest at high 
latitudes is poorly understood until now. Earlier, it was shown that the long-term mutiannual year-to-
year dynamics of perennials survival in the Kola subarctic, annual bio-mass stem increments in 
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coniferous species, and some medical indices in humans are supposedly modulated by solar activity 
(Kashulin et al., 2000; Raspopov and Shumilov, 2000; Weidahl et al., 2001).  

The results presented in the frame of this work show that the long term accumulation of total 
flavonoids in some indicator species of plants shows the definite uneven temporal patterns. In arboreal 
shrubs Salix caprea and Betula nana vegetated under conditions of alpine tundra environment 500 m 
a.s.l. of Khibiny mountains within dominant Ericaceae family dwarf shrubs biocoenosis the year-to 
year flavonoids change follows the widely known Schwabe changes in solar activity which it 
presented here via annual means of Wolf numbers (R) on the fig. 1. The respective correlation 
between flavonoids accumulation and R values for Salix caprea and Betula nana was r = 0.942 ±  
0.48 and  r = 0.868 ± 0.50, respectively. The respective monthly mean values for this period depicted 
on insert for herbaceous perennial plant Chamaenerion angustifolium. In spite of apparent relation 
between the level of solar activity and flavonoids pool in considered plants the identification of the 
direct bio active intermediate solar-terrestrial carrier is a matter of the special supplement studies and 
now it hindered by involvement in a plant response a wide diversity of plausible non-photic factors. 
The bio-activity of artificial electromagnetic emission in relation to flavonoids synthesis in aboriginal 
Ericaceae plants was found earlier (Kashulin et al., 1999). The other important aspect of the 
geophysical effects related to the analysis of infradian biorhythms or near diurnal behavior of living 
systems which may be caused by the changes in geophysical environment (Halberg et al., 2002). To 
further approach to the question the diurnal monitoring of time-course flavonoids accumulation in 
indicative species of draft shrubs Vaccinium vitis-idaea etc. was curried out. The plant samples of 
normal population were picked out in background averaged zones within uniform biocoenosises 
round the clock for 24 hours in the mid July of 2000. The results of flavonoids determination 
presented on fig.2. The respective diurnal pattern shows uneven distribution with two explicit peaks 
of increased flavonoids contents for the plants vegetated in control background regions. According to 
our theoretical prerequisites the plausible reactions in plant organisms on the fine geophysical 
background environment should be at least disturbed by industrial electromagnetic effects if not 
completely diminished. Thus, as a comparative points the zones undergone to electromagnetic 
emission of high voltage power lines (130 kV) and situated in its vicinity within the ground vertical 
lines projection were used. It was found that the two “morning” and “evening” (local times) peaks in 
diurnal distribution of flavonoids accumulation were disappeared in impact zones within 100 m of 
industrial electromagnetic source (fig. 2). The temporal characteristics of the peaks are not unique and 
those were found among various biological species including the humans, and which supposedly 
prescribed to geophysical diurnal variations. 

The results presented show that the physiologo-biochemical pathways related to the environmentally 
dependent changes in flavonoids biosynthesis in some species of arboreal plants can be used as a 
rather sensitive bio-indicator system for the assessment and monitoring of geophysical and 
heliogeophysical factors. On the other hand, the further investigation of the biochemical aspects of 
intracell plant responses can provide the required base to decipher the underlying mechanisms for 
reception of the energetically weak environmental cues and predict the long-term behavior of plant 
communities.   
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Fig.1. Multiannual dynamics of flavonoids accumulation in dry weight (DW) per cent  in some plant species 
compared with Wolf numbers for 22-d solar cycle. Insert: The flavonoids content monthly means in different 
Chamaenerion angustifolium organs compared with mean monthly Wolf numbers for this period 
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Fig.2. Effect of power line electromagnetic (EM) emission on the diurnal time-course (the Kola Peninsula local 
time units) of flavonoids content change in the Vaccinium vitis-idaea foliage at different distances (meters) off 
the line 
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(Norilsk area, Lake Baikal) 
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Introduction 

Main source of the pollution in the Norilsk area (Fig. 1) is the metallurgical plant which gives 
annually 2.3 million tons of SO2 into the atmosphere. 

 

 

Fig. 1 Location of Norilsk area and Lake Baikal 

For Lake Baikal (Fig. 1) very serions ecological problem is connected with the organochlorine 
pesticides and polychlorinated biphenyls (PCBs) which are among the most dangerous substances in 
nature. They have been detected in the ecosystem of Lake Baikal for many years (Politov, Anokhin and 
Surnina, 2000). They come into the Baikal ecosystem from the atmosphere and with surface waters of the 
drainage basin. 
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Methods 

To assess the impact of environmental pollution from Norilsk metallugical plant the field research of 
sulphates content in show cover of the region and modelling were carried out. 

For Lake Baikal the methods for sampling and detection of organochlorine pesticides and PCBs have 
been described earlier (Izrael, Anokhin, 1991). 

 

Results 

Field data of sulphates content in show of Norilsk region are presented in Table 1 which contains also 
the modelling results. We can conclude that generally observed data are in good accordance with 
modelling results. 

 

Table 1. Observed and computed data on sulphur deposition  

Point Obseved  
grams per m2  per year 

 

Computed 
grams per m2  per year 

 
Norilsk 10.5 10.1 
Igarka 0.6 0.5 

Khatanga 0.05 0.1 
Lake Taimyr 0.05 0.1 

Dickson 0.4 0.2 
 

The results of field research of  organochlorine pesticides and polychlorinated biphenyls in the 
environment of the Baikal region are presented in Table 2. 

We can see that the concentrations of organochlorine pesticides are low in the Lake Baikal region. 
Hexa-chlorocyclohexane (HCH, consisting of the pesticide lindane and the isomer a-HCH) 
concentrations are similar to unpolluted regions of the northern hemisphere, but PCB and 
dichlorodiphenyltrichloroethane (DDT; the sum of DDT isomers) concentrations were slightly higher.  

Polychlorinated biphenyls were detected episodically near the industrial sources, and their concentrations 
were only slightly higher than in the unpolluted regions. 

The spatial features in the distribution of PCB and HCH concentrations point out the role of transre-
gional sources in the pollution of the southern part of the Lake Baikal region. The role of agricultural 
and industrial regions of Siberia, Kazakhstan and Urals is important. 

The content of DDT (and isomers) in snow did notshow essential spatial differences and varied little 
with altitude. These facts indicate a global origin of DDT in the Baikal region.  
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Table 2. Concentrations of organochlorine compounds (OCs) and total polychlorinated biphenyls 
(PCBs) in snow of the Lake Baikal region. N, number of monitoring stations; numerator, range of 
values; denominator, mean values; tr, traces of OCs; empty space, no ÎÑ data available; dl, ÎÑ 
concentrations beneath detection limit 
  

  

  

  

  

Background regions 
Southern Pribaikalye (Khamar-Daban mountain range) 
Highlands 1991                  5 

  

1990 2                   3.7-6.9 
Northern Pribaikalye (Barguzinskey and Baikalskey mountain 
ranges) 
Highlands 1990                  7 

  

Industrial regions 
Irkutsk-Angarsk, Selenginsk, Baikalsk 

1990 

 

 

Location N OCs concentrations, ng 1 Year 

Lindane Lindane 
isomer 

DOT PCB 
(sum of isomers) 

2.1-3.4 
2.6 

dl-2.0 
1.2 

5-8 

5.0-

8.0 tr-

1990 

1991 

dl-1.3 

t r-9.0 
3.6 

23-50 

9-12 
~Ò(Ã 

Taiga, northern slope 
4.3 

4.2-

5.6 dl-

40-70 

12-35 
22 

8-18 
~ÏÃ 2.3 

dl-6.0 
3.2 

Taiga 1990 dl 6-19 14-23 

3.8-7.0 
5.0 

1.3-5.0 
4.0 

18-80 
50 

t r-5 



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – X16 

Natural Biogeochemical Anomalies: Harmful or Useful Influence? 
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The content of heavy metals in Arctic and Subarctic landscapes is important as the indicator of a 
growing level of global pollution of the biosphere, and also as a key part in the trophic chain of 
accumulation of harmful chemicals in an organism of the natives in the Far North. The danger of 
negative affecting of heavy metals on natural ecosystems of Arctic and health of the native inhabitants 
is repeated in many publications. Some of them do not recommend to the natives to use in nutrition 
natural products high in contents of iron, zinc, copper, and selenium. At the same time it does not take 
into account, that the natural landscapes of the North are extremely poor in trace elements, contents of 
which in soil, plants, and in fresh waters is much lower, than in the neighboring boreal territories. 

The intensity of biogeochemical migration in different regions of the Arctic is different depending on 
a species composition of a local flora and on peculiarities of feeding of both wild and domestic 
animals. The species and growth form composition is important because rate of accumulation of 
chemicals coming in plants from environment is very species specific (Tab. 1). 

 

Table 1. The mean contents of trace elements in ash of plants of shrub tundra in Chukotka (mg/kg, Fe 
- %) 

Growth form or species B Pb Fe Mo Cu Zn Ni 
Alder (Alnus fruticosa) 37,7 3,0 0,82 0,72 14,8 182 6,8 
Shrub birch (Betula nana) 66,0 6,6 1,04 0,65 19,5 1218 10,7 
Grasses 24,1 2,1 1,2 0,8 11,4 150 5,7 
Cottongrass tussock 
(Eriophorum vaginatum) 

61,5 3,5 0,73 6,4 15,6 321 6,7 

Non-Sphagnum mosses 27,0 10,4 2,73 1,12 23,8 164 7,1 
Fruticosae lichens 32,1 13,2 2,68 1,19 18,7 216 6,3 
Willows 46,2 3,4 1,61 0,87 11,7 810 3,2 

 

Biological accumulation of chemical elements is also hardly influenced by the structure and 
composition of plant community, peculiarities of the landscape, and chemical composition of the 
bedrock. For example, the content of zinc in the ash of Betula exilis ranges from 200 up to 3000 ìã/kg 
depending on the plant community composition and structure. The contents of trace elements broadly 
vary depending on geologic and geomorphological conditions (Fig.1). 

Of the most importance for Chukotkan natives dealing with domestic reindeer-rising and with the 
wild ungulates hunting is the concentration of metals in fruticosae lichens, forbs, aquatic plants, and 
willows within territories of their business. By traditional nature management and feeding the above 
mentioned groups of plants are, in fact, the only source of trace elements for an organism of animals 
and people. 

The mountain tundra landscapes were studied north of Kanchalan Village (Kanchalan River, lower 
Anadyr River basin, Chukotka) populated natives dealing with traditional reindeer husbandry. The 
study area is the low mountain portion of Chukotskoye Range with altitude of about 500-700 m above 
sea level, formed by volcanic bedrock rich in polymetallical mineralization. The study area is used as  
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Fig.1. Contents  of trace elements in the ash  of Non-
Sphagnum  mosses.
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the summer reindeer pastures; it is occupied by the local elk population, wild reindeer was also 
observed here in summer time. 

The long-distance summer migrations of the wild ungulates in northern and northeast directions were 
observed here over the long-term. For example, since June till September, the territorially 
conservative elk migrates 120-150 km north from the overwintering site. During the migrations 
animals are feeding in sites where the ore mineralization is exposed. Ungulates are regularly observed 
within the mining deposits. It is known for reindeer farmers who permanently use the mountain 
valleys with exposed geochemical anomalies as the spring-summer pasture. In spring-summer time 
reindeers prefer grasses, cottongrasses, and fresh shoots of willows. 

It is traditionally considered, that the increased concentrations of heavy metals in feed resources of 
reindeers are harmful. However, most of heavy metals, first of all Zn, Cu, Mo, are at the same time 
relevant biogenic elements for the healthy development of an organisms, whereas the common tundra 
landscapes are extremely poor in heavy metals. Forbs, shrubs, and vascular aquatic plants have 
internal biological barriers of heavy metals absorption as compared with mosses and lichens. Even in 
limens of polymetallic fields the contents of Pb, Zn, Cu, Cd, Hg in tissues of these groups of plants 
does not exceed permissible norms. So, geological phyto-geochemical anomalies are practically the 
only natural source of inflow of the necessary mineral elements for inhabitants of the Arctic and the 
Subarctic.  
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Introduction 

Increasing contamination of water bodies makes researchers to seek for criteria of their state. There 
are various methods to estimate the state of aquatic ecosystems. Biochemical methods allow detection 
of metabolic changes prior to physiological and morphological ones, determination of ranges of 
adaptive ability, and the response phase. Analysis of numerous experimental results has revealed the 
luck of unique complex approach to the estimation of fish response to various effects. Thus, large 
variability of changes in biochemical indices that depend of the type, exposition and concentration of 
pollutants (or another factors) makes precise evaluation of organism response difficult. The was a 
need to find a unique  biochemical index  that would (a) average out the observed multiplicity of 
changes in individual biochemical parameters and (b) correlate with the dose of the preparation 
studied. Such index was developed and named Integral Biochemical Index (IBI). IBI is based on the 
estimated deviation degrees of studied biochemical indices from their natural ranges of variability. IBI 
is a share (in %) of indices that have values close to the variability range limits or beyond the limits. 
IBI depends on species and age as well as on the toxicity of pollutants. This paper shows an example 
of the use of IBI as a tool for the estimation of fish response to environmental pollution. 

 

Methods 

River flounder (Platichtys flesus L.) was caught in the Sorokskaya Bay of the White Sea. 
Experimental fish (age, 5-6 years; average length, 141 mm; weight, 41 g) were put in 35-1 aquariums 
(maximum eight fish  per aquarium) and acclimatized at 10-15oC; the sampling contained 16 
flounders. The preparations of drilling fluids (J-475, C-200 N, C-123, D-149 and C-132) were studied 
at concentrations ranging from 0.1 to 10 000.0 mg/1. The time of exposition was 37 days. All 
experiments were performed in fasting fish. At the end of the experiment the fish were immobilized. 
Cooled fish were transported to the laboratory. Fixation of the material, isolation of various 
substances, determination of their level, and enzyme activity measurements involved photometric 
(spectrophotometer) and chromatographic (gas chromatograph) techniques described by us elsewhere 
[1-4]. We measured total protein, catalase (EC 1.11.1.16), cathepsin D (EC 3.4.23.5), DNase (EC 
3.1.4.6), malondialdehyde, saturated fatty acids, monoenoic and polyenoic fatty acids, ω-3 and ω-6 
polyenoic acids,ω-3 to ω-6 fatty acid ratio, and 24:4 ω-6 to 18:2 ω-6 fatty acid ratio in each organ. 
Collagenase, free and collagen-associated hydroxyproline, and bile acids (cholic, chenodeoxycholic, 
deoxycholic, and lithocholic acids) were also measured in various organs of flounder if there was 
enough material for analysis. Thus, measurement of 25 to 35 biochemical  parameters per each 
studied organ were done in each case. 

   

Conclusions 

The table shows MPC (maximum permissible concentration) determination for one preparation, based 
on the results of biochemical tests in experiments involving river flounder (a total of 11 MPC tables 
was compiled, each for one of the preparations studied).  

Control data are presented as absolute values; experimental values - in % to control values. An 
increase or decrease in this difference was marked (“+” or “-“, respectively), making it easy to see the 
trend of changes. As seen from the Table, for the most of parameters measured there were no clear  
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Table. Effect of the preparation J-475 on the biochemical status of river flounder (deviations from the 
control values of biological significance are typed bold).  

¹ Biochemical parameter .Control Concentration of toxicant, mg/1 
   0,1 1,0 10 
1 Total protein, mg/ml  Liver 11.8 +18 +25 -18 
2      Muscles 4.8 +40 +20 +40 
3      Gills  5.6 +83 -3 +76 
4      Gonads 9.0 -30 +21 -37 
5 Catalase, mg H2O2/g tissue/min Liver 0.4 +7 -7 +7 
6  Muscles 0.4 -15 0 -15 
7      Gills 0.5 0 -13 +2 
8      Gonads 0.4 +8 +15 +8 
9 Cathepsin D, ∆Å280 /g tissue/min  Liver 4.3 -23 -23 +51 
10  Muscles 0.5 +60 +40 +300 
11      Gills 1.2 -8 +17 +85 
12      Gonads 0.4 -50 - 0 
13 DNase, ∆Å260/g tissue/min  Liver 0.9 -50 -73 -93 
14  Muscles 0.1 +73 +70 +5 
15      Gills 0.6 -92 -67 -76 
16      Gonads 0.5 -37 -92 -16 
17 Malondialdehyde, nM/g tissue Liver 33.2 +33 +16 -40 
18      Muscles 4.4 +170 -23 +480 
19 Saturated fatty acids, % of total 

fatty acids;   
Liver 34.5 -20 -14 -21 

20 Monoenoic fatty acids, % of total 
fatty acids  

Liver 18.6 -21 -8 -8 

21 . Polyene fatty acids, % of total 
fatty acids 

 Liver     

22 ω6-Fatty acids, %   total fatty 
acids 

  Liver 19.0 -20 -30 -18 

23 ω3- Fatty acids, % of total fatty 
acids  

  Liver 27.9 +70 +32 +55 

24 ω3/ω6   Liver 1.2 +125 +92 +92 
25 20:4ω6/18:2ω6   Liver 6.3 +24 +127 +120 

Total number of tests 24 23 24 
Number of tests  differing significantly from control 6 8 11 

. Number of tests differing significantly from control, % of total 
number of tests 

25 35 46 

 

direct correlation between the changes and the doses of the toxicant. A clear – cut dose-response 
relationship is one of the main criteria of MPC determination in toxicology. The dynamics of changes  
in each parameter depended on its biochemical nature and produced various curve shapes. Thus, the 
ratio of the number of parameters for which differences from control values were significant to the 
total number of parameters measured, expressed in percentage terms, directly correlates with the 
increase in toxicant concentration. As seen from the figure, the corresponding dependences are almost 
linear. This result was obtained in flounder, where 35-40 biochemical parameters were measured (9-
11 biochemical parameters per organ in four organs). The results of this work showed that a linear 
relationship of total biochemical variability to the dose of an environmental factor (i.e. the 
concentration of a toxicant) is derived from measurements of as little as 10 - 12 biochemical 
parameters (each characterizing a metabolic pathway) in 4 organs (this gives a total of 35 - 40 
biochemical parameters). There is no doubt that further studies of the relationship detected is needed. 
We believe that the integral mode of assessment of toxicant-induced biochemical changes in fishes 
can be used widely for the study of the effects of various ecological factors on the biochemical status 
of organisms. 
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Figure. Effect of various concentrations of drilling fluid preparations on the integral biochemical       
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Introduction 

The effect of different pollutants on the organism is accompanied by the involvement of the cellular 
and molecular mechanisms that control metabolic homeostasis. The degree of toxicity is related to the 
efficiency of protective and restoring mechanisms in the tissue analysed, such as a system of 
intracellular proteolysis involving lysosomal and nonlysosomal pathways. Cathepsins B, H, L, and D 
are the main proteinases of lysosomes, and a major contribution to nonlysosomal proteolysis is made 
by Ca2+-activated cytosol proteinases (calpain I and calpain II). Calpain is believed to be involved in 
various Ca2+-mediated intracellular signalling pathways. It was interesting, therefore, to assess the 
effect of pollutants on the activity of calpains and cathepsin D and B in the various tissues of some 
freshwater fish species.   The presentation deals with the contribution of lysosomal and cytosol 
proteinases to various ecological and physiological influence on  freshwater fish species.  

 

Methods 

Pike (Esox lucius), roach (Rutilus rutilus) and perch (Perca fluviatilis) were studied along with the 
larvae of rainbow trout (Salma gairdnery R.) and whitefish (Coregonus lavaretus). Fish caught in a 
“clean” zone (uncontaminated lake) were compared with those collected in a “polluted” area where 
infiltration water from an ore-dressing plant was stored. Perch and  larvae of rainbow trout and 
whitefish were exposed to the same type of  sewage (technogenic water from Kostomukshskii plant)  
at 0-, 5-, 25-, 125-, and 600-fold dilution for 15 days. Fish analysed were kept in aquaria in summer 
time under conditions identical to their natural environment. The ore-dressing sewage contains a 
complex mixture of metals and caracterised by high potassium concentration and  high percentage of 
suspended ore particles. In the contaminated zone, high water mineralization is primarily due to the 
presence of potassion and sulphate ions. High alkaline and alkaline-earth metal and hydrocarbonate 
concentrations in the polluted zone were responsible for the shift of pH toward the alkaline (8.2 - 8.4). 
Such conditions provide a geochemical barrier for the migration of most heavy metals.  

Ca2-activated proteinase (calpain I and II) activity in fish muscles  was estimated by the method 
described by Murachi et al. (1981). Cathepsin D activity was assessed by slightly modified Anson 
method (Alexeenko, 1968). Cathepsin B activity was estimated by decomposition of 0.065 M 
benzoilarginine ethyl ether solution (BAEE) (Alexeenko, 1968). Activity of cathepsin D and B was 
measured in absorbance units at 280 nm and 525 nm per g tissue/min, respectively. 

 

Conclusion    

Cathepsin D activity was shown to increase in  early larvae of European whitefish and rainbow trout 
with a rise in the concentration of contaminants regarding to control. This increase was more distinct 
and pronounced in European whitefish larvae. In rainbow trout larvae, changes in cathepsin D activity 
were observed at 5−fold dilution of water from an infiltration water reservoir, whereas in whitefish 
larvae this enzyme became more active after 125−fold dilution of initial contaminated water. 
Cathepsin B activity measured in the larvae of the fish studied was slightly lower in the experimental 
group than that in control. The activation of cathepsin D was fairly distinct in all the tissues, 
particularly in the liver and gills of pike kept in the ore-dressing sewage. This proteinase was also 
shown to increase in the muscle and spleen tissues of roach. Cathepsin B activity remained unchanged 
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in the same tissues of fish caught in contaminated water, but declined in pike gills. The increase of 
cathepsin D activity in the larvae and tissues of fish from an experimental group is compensatory. 
This process is occasionally accompanied by more active phagocytosis and excretion in cells. A 
similar effect was shown earlier when studying the impact of various zinc and ammonium ion 
concentrations, sewage discharged by pulp-and-paper plants and some other substances on cathepsin 
D activity in the organs, eggs, and larvae of some fish species (Nemova, 1991; Nemova & Sidorov, 
1990). The results of  calpain activity study have shown that after the cytosolic fractions of fish 
muscles being chromatographically separated on Ultragel AcA34 calpain activity was detected in two 
fractions, as shown earlier for some sturgeon, salmon, and carp species (Nemova et al., 1993, 1994; 
Toyohara et al., 1989). In the muscles of all  fish caught in the contaminated zone and in the aquarium 
experiment a mixture of toxicants was clearly observed to inhibit Ca2+-activated proteinase activity. 
Some evidences available in the literature show that  calpain II is usually activated in animal tissues 
under pathological conditions (Kawashima et al., 1986). This is presumably related to the adaptive 
reactions of cells. The same effect was observed in the tissue of the Russian sturgeon Acipenser 
gueldenstaedti caught in the Volga River delta. This species displayed so-called “muscle 
stratification” caused by industrial sewage (Nemova et al., 1993). In the case discussed, this form of 
calpain becomes less active in the muscles of fish living in polluted zone. The inhibiting effect of 
toxicants was also reported for calpain I which is activated by micromolar Ca2+ concentrations. The 
effect of toxicants on Ca2+-activated proteinases is controlled by  complex mechanism. Toxic agents 
can directly influence (-SH)-groups of enzymes as these enzymes are thiolic proteinases, and their 
inhibitor-activator ratio. They can change the concentration of intracellular Ca2+ required for the 
activation of these proteinases. Changes in cooperative interaction on the surface of an enzymatic 
protein globule caused by ionic effects cannot be ruled out either. When the proteolytic activity of 
lysosomes and cytosol is inhibited, the adaptive potential of the cell is expected to diminish and the 
vital processes and physiological functions of the organism are likely to be disturbed. The results 
obtained have led the  conclusion that changes in the activity of intracellular cathepsins and calpains 
can be used as a test  in monitoring of water bodies contaminated by industrial sewage. It should be 
emphasized that if intracellular proteolysis in fish tissues is studied biochemically by the method 
described, then a toxic effect is revealed at an early stage, when macroscopic changes are not apparent 
yet.      
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Sea food is a major part of the diet for arctic peoples. Pollution in the Arctic is of great concern for all 
arctic nations. AMAP and other organizations have extensive programs to coordinate the monitoring 
of all types of contaminants in the region. A proposed pilot study will be a step in the direction of 
quantifying the transport routes of the most efficient transport mechanism, sea ice, and suggest 
efficient monitoring strategies to obtain reliable data on the environmental conditions in the region.  

Sea ice can accumulate pollutants from atmospheric deposition, in shallow water directly from bottom 
sediments, and in the deeper ocean from mineral and biological particles in the near surface water. 
Once ice-borne, these pollutants can travel thousands of kilometers without significant dispersion. 
The accumulation of atmospheric deposition is like reverse entropy; gathering, rather than spreading 
the pollutants. This process is further enhanced as the ice is pushed to the melting fronts where the 
local deposition from the ice can be large; a physical accumulation akin to bioaccumulation in the 
food web. These melting regions have a high biological productivity due to strong stratification. Areas 
of high production and concentrations of pollutants may affect sea food for human consumption. 
Examples of this can be the Hopen Deep in the Barents Sea and the Yermak Plateau to the north of 
Svalbard. 

High levels of PCBs in Svalbard polar bears and sea birds support this hypothesis. Another potential 
threat to the biotope in the region is possible radioactive effluents from the rivers that discharge to the 
Kara Sea. There appears to be a fast-track to Svalbard via the Persey Current. 

To understand and evaluate the importance of this process for biodiversity and its consequences for 
the arctic peoples in these regions, it is proposed to study the transport routes and the variability of the 
ice fronts in the region. The suggested work is intended to follow the present Fifth Framework 
Programme project MAIA (Monitoring the Atlantic Inflow toward the Arctic) and show important 
fast-track routes of surface currents along ocean fronts and along bottom slopes. The efforts of this 
collaboration are expected to support AMAP (Arctic Monitoring and Assessment Programme) and the 
Norwegian Transport and Effects Programme, among other activities that are related to the Nordic 
Arctic Research Programme (NARP). 

The proposal to NARP for coordinated research and pilot studies concerning threats to marine 
biodiversity and living conditions in the northern regions has received network support. The partners 
are The Foundation for Scientific and Industrial Research (SINTEF), Institute of Marine Research 
(IMR), Swedish Meteorological and Hydrological Institute (SMHI), Finnish Institute of Marine 
Research (FIMR) and Marine Research Institute (MRI). 

The main objective of the project is to supply enough physical background material to support studies 
on the questions of biodiversity and living conditions in the northern regions. More specifically, the 
transport routes and speeds of pollutant-laden ice to the region, and the rate of melt-down at the fronts 
are to be analyzed, in a pilot project, in search of more efficient monitoring strategies. 

Winds propel the ice over shorter time scales. Wind fields are usually quite broad and wind-stress 
models have been reasonably successful in calculating this component of the motion. Ocean currents 
are more persistent and have a more significant effect on long-distance transports. However, models 
of ocean currents have not had the same success. The currents are filamentous, with so-called fast-
track lanes along bottom slopes and along surface fronts. This leads to much shorter times of transit in 
some regions. These fast-track features are being studied in the NARP-initiated, EU project MAIA. 
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By looking at these routes, it will be possible to put time scales on the transports of accidental or acute 
discharges/deposition to the drifting ice.  

The amount of data needed to monitor these filaments in situ is enormous, and beyond the reach of the 
available research funds. MAIA is looking at coastal sea level data and bottom pressure data as an 
alternative to quantify some of the important barotropic routes along the bottom slopes. In these 
northern regions, MAIA is using satellite data for evaluating ice motions and ice front movements. 
These indirect results are being tested against comprehensive sets of in situ current meter data. There 
is little modeling activity in MAIA, and little focus on the ice motions in the far north where the 
import of pollutants may be important. There is thus a case for the use of models to identify the 
transport routes and test them to the data base produced by the MAIA project. This could produce 
some results that could be studied in more detail by relevant national and/or international programs. 
The chemical analysis of pollutants in ice is a particularly expensive endeavor. 

To make progress in view of limited research funds, we propose a pilot project using numerical 
models to bridge the gap between existing knowledge and a field study of the actual transports of 
pollutants in the ice fields. The pilot study will be steered by the transport results derived in the MAIA 
project. Scenarios for pollutant transports will be based on the results that are available in the open 
literature. These will be studied to make recommendations for efficient methods of chemical 
sampling. 

A pilot study will be made. A modeling effort is in progress at IMR to give a proper framework to the 
evaluations of routes and transit times for various contaminants. Northern boundary conditions will be 
the responsibility of FIMR and the southern boundary conditions will be the responsibility of 
SINTEF. Ice and meteorological conditions will be the responsibility of SMHI. A literature survey 
including the extensive results in the AMAP files will be initiated by MRI and strategies for obtaining 
useful chemical data in a more efficient way will be evaluated. 

The modeling work will be conducted with the coupled dynamic-thermodynamic ice-ocean model 

used in the Norwegian Transport and Effects Programme to study the transport of contaminants in the 
northern seas. The coupled model is run on a 20 km grid for the Arctic Ocean, Greenland-Iceland-
Norwegian Seas and the northern North Atlantic. To address processes in the marginal ice zone 
regions, where the contaminants can enter the water column through melting of the ice, the coupled 
model is run in nested mode with 4 km resolution in the western Barents Sea and Fram Strait areas. A 
daily-mean model hindcast data set will be created for the period 1948-2001. The hindcast archive 
will contain computed ocean currents and hydrography and sea ice thickness, concentration and drift 
velocities. These archive fields will then be used to conduct contaminant transport scenarios. The two 
major scenarios that will be addressed are the transport of a radioisotope (cesium-137) from river 
water in the Kara Sea and the transport of a persistent organic pollutant (an HCF) from airborne 
deposition on to sea ice throughout the Arctic. 

In 2002, the efforts have been focussed on making contacts with other groups who have an activity in 
this area and to prepare applications to fund the actual work. We solicit partners who can help us plan 
a project for the EU Sixth Framework Programme. Our activity has been registered as part of the 
Expression of Interest CARE (Climate of the Arctic and its role for Europe). 
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A major objective of MAIA is to monitor the inflow of Atlantic water past the northwestern European 
continental shelf utilizing coastal water level data. The basic paradigm is an off-slope baroclinic 
(Margules-type) flow and a barotropic slope jet, both contributing to a rise in the coastal water level. 
A good correlation between the variability of currents in the slope jet and variations of water level at 
Bodø, averaged over 5 days, was earlier demonstrated. The averaging removed most of the tidal and 
meteorological "noise" in the geostrophic signal. A second goal for MAIA is to demonstrate that these 
data, together with other readily available monitoring data, will allow the estimate of the time 
variability of transports of various quantities to within an error of 15% of their average values. 

By analysing historical data back to 1975, the MAIA paradigm has been challenged and modified to 
obtain more complete physics and more accurate estimates of index velocities and transports and the 
ice extent in the Barents Sea. The upstream (North Atlantic) and downstream (Arctic Basin) forcings 
are independent and satellite altimetry reveals a separation between the shelf and off-slope regimes 
that must be taken into account. 

The physical improvements in the basic geostrophic paradigm include the variations of sea level, 
buoyancy and velocity in the outer field, the coastal buoyancy and the time-varying properties of the 
inflowing waters. The basic results of the analysis of the historical data are given below. 

The Faroe Current (FC) is well-behaved and appears to be driven by the surface level difference 
between the Atlantic and Arctic oceans. It has a maximum of 3 ½ Sv of Atlantic Water in March (1 
Sverdrup = 106 m3/s). It is a mixed barotropic -baroclinic flow exhibiting a similarity between velocity 
and density fields. The correlation derived by EOF analysis is high, allowing short-term fluctuations 
in hydrography to be inferred from ADCP data. 

The Faroe-Shetland Channel contains a retroflection of a portion of the FC and a very stable, nearly 
barotropic slope current past Shetland. This latter flow shows a maximum of Atlantic Water inflow of 
3 ½ Sv in October. The slope currents are considered to be fast track for the transport of warmer water 
to high latitudes. 

The flow past Norway is divided geographically into a barotropic slope current, centered along the 
500 m isobath, and an off-slope baroclinic transport with an intense frontal jet somewhere in the 
Norwegian Sea. The frontal jet is relatively unstable and does not represent a persistent fast track like 
the slope current. 

The slope current has a maximum transport of 4 Sv in October, in geostrophic agreement with satellite 
sea level anomaly (SLA) data. The baroclinic transport has a maximum of 6 Sv in October, based on 
historical hydrographic data. The long-term average inflows are estimated to be 7½ Sv with decadal 
variability of ± ½ Sv. 

There remains work to be done to understand the disparity of the seasonal phases of the various 
branches of the Atlantic inflow toward the Arctic. The solution appears to be connected to the 
exchanging roles between the baroclinic and barotropic modes. The transfers appear to depend on 
latitude and season. A dedicated validation experiment including the measurement of velocities, 
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hydrography, bottom pressures, trajectories of deep drifters and 129I as a tracer was conducted from 
May 2000 to October 2001. Indeed, on the basis of the 129I budget it is shown that a significant part of 
the baroclinic transport is converted to a barotropic transport through the Barents Sea. 

The flow through the Barents Sea is in geostrophic balance with the sea level slope between Bodø and 
Ny-Ålesund. The geographical distribution of the ice cover in the north varies with the AW inflow. 
Here, too, the surface transports reflect both frontal and slope jets that give fast-track routes for ice 
transports. The decadal variability in the Atlantic inflow is reflected in the total ice cover. The larger 
inflows in the early '80's and early '90's were periods of reduced ice cover in the Barents Sea. 

Index velocities in the stable slope currents are highly correlated with coastal water level fluctuations 
for shorter periods, but show seasonal trends that need compensation from water level data in the 
deeper basin. These are provided by SLA data. 

From the results so far, we see a need for better coverage of sea level measurements in the north. 
There are no SLA data for the ice-infested waters. There are also very few good coastal water level 
stations. There are plans, however to set up monitoring stations on Bear Island and Jan Mayen. The 
value of monitoring bottom pressures should also be considered. Bottom pressure data have proven to 
be good alternatives to coastal and satellite data. This also provides valuable barotropic data for 
forcing/updating numerical models of the region. The Atlantic inflow is one of the most important 
forcing functions for ocean circulation on the continental shelf. 

The results of MAIA will be available on a CD-ROM in January 2003. 



Second AMAP International Symposium on Environmental Pollution of the Arctic. Rovaniemi, 1-4 October 2002 

P – X21 

Nutrient influxes in the Laptev Sea 
 

Miroslav Nitishinsky 
 
38, Bering Str., Arctic and Antarctic research institute, 199397, St. Petersburg, Russia. 
 

Introduction 

Laptev Sea is located in the central part of the Arctic shelf and it is greatly influenced by the river 
runoff. Annually approximately 720 êm3 of the river waters come into the Laptev Sea (Brizgalo and 
Ivanov, 2000). Nutrients are transported to the sea shelf by river waters. 

Arctic shelf seas are considered to be one of the most productive zones of the Arctic Ocean. Study of 
nutrient distribution has an ecological importance, because nutrients (silicon, phosphates and nitrates) 
are the mineral base for primary production in the Sea.  

Data and methods 

In this work data obtained observed in the Laptev Sea during the expeditions carried out from 1932 to 
2000. For this period there were more than 60 expeditions working in the sea; these expeditions 
together had 6900 hydrological stations.  

Mean nutrients concentrations were determined in the structural zones of the Laptev Sea shelf on the 
basis of measurements provided both in summer and winter. In this work the mean concentrations of 
the surface structural zone were calculated for the eastern and the western parts of the shelf. To 
provide this calculation the continental shelf zone was divided into 400 equal grids for each of them 
the mean concentration of the structural zone was calculated according for every years, and then 
results averaging was made for the whole observation period. Grids concentrations values were also 
averaged to make the required calculations for the whole Laptev Sea shelf zone. 

The estimation of nutrients total supply for the Laptev Sea shelf seawaters was processed in summer 
and winter.  

Nutrients influx into the Laptev Sea with the Lena river runoff was made according to the river water 
nutrient concentrations (Brizgalo and Ivanov, 2000; Lara et al., 1999) and according to the mean river 
runoff volume (The Atlas of the Arctic, 1985). 

Different methods were used to estimate nutrients consumption for the Laptev Sea: 

• Estimation of nutrient consumption was calculated according to the nutrients supply change in the 
surface structural zone between summer and winter;  

• Estimation of nutrient consumption was calculated according to the primary production rate using 
the mean values of the primary production in the Laptev Sea (Tuschling, 2000; Gleitz and 
Grossmann, 1997) and LOICZ rates (Gordon et al., 1996); 

• Estimation of nutrient consumption was calculated according to the phytoplankton biomass 
volume using the mean values of phytoplankton biomass (The Soviet Arctic, 1968; Tuschling, 
2000; Gleitz and Grossmann, 1997) and nutrient content in dry phytoplankton matter (The Soviet 
Arctic, 1968); 

• Estimation of nutrient consumption was calculated according to the biochemical oxygen demand 
(BOD) value using the expedition observations of the BOD during the years 1998 - 1999 
(Nitishinsky and Tscherbakov, 1999) and Richard’s organic matter stoichiometric model (Gordon 
et al., 1996). 
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Results 

The estimation of nutrients inorganic forms supply in the Laptev Sea shelf waters 

In this work the mean concentrations of silicon, phosphates and nitrates was calculated on the Laptev 
Sea shelf in all structural zones for summer and winter (Table 1).  

The estimation of nutrient influx with the river runoff 

Silicon, phosphate and nitrate mean concentrations in the river waters vary from year to year. 
Dissolved silicon concentration has different values in summer and in winter (Brizgalo and Ivanov, 
2000). In winter silicon content in the Lena river waters can reach 180 µmol/l. In summer these values 
are much lower than in winter and rarely exceed 70 µmol/l (Rusanov et al., 1979; Lara et al., 1999).  

Phosphate and nitrate concentrations in the river waters are 0,7 µmol/l and 0,4 µmol/l correspondingly 
(Rusanov et al., 1979; Brizgalo and Ivanov, 2000). 

About 2 million tons of inorganic silicon forms, 5 000 tones of phosphates and 30 000 tones of 
nitrates come with the river waters into the Laptev Sea annually. 

Nutrients consumption characterized for the Laptev Sea 

The consumption of nutrients was calculated by different methods. The results of calculations are 
presented in the Table 2. 

Conclusions 

The greatest nutrient supply during the year is in the bottom structural zone of the sea shelf and the 
lowest – in the surface structure layer.  

The seasonal changes of nutrients concentrations can be observed in all structural zones. The greatest 
silicon supply variability is observed in the surface structural zone of the eastern part of the sea shelf 
(20 % of the mean structural zone supply). The greatest seasonal change of phosphate supply can be 
observed in the surface structural zone (70 % in the western part and 63 % - in the eastern).  

Generally for the whole Laptev Sea, the lowest rates of silicon and nitrate consumption were obtained 
using the estimations of phytoplankton biomass values, the greatest rates were obtained using the 
estimations based on BOD.  

As for the phosphate, the greatest values of consumption by phytoplankton were obtained on the base 
of BOD, and the lowest consumption obtained on the base of primary production. 

Phosphates and nitrates coming with the river runoff in summer are totally consumed by 
phytoplankton in the shelf zone of the Laptev Sea. The great part of silicon income with the river 
runoff is transported out of the sea shelf. 
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Table 1. Nutrient reserves in the Laptev Sea (thousands tons). 

Structural zones 
The Surface 

Element the West part the East part The Intermediate The Bottom  

Summer 
Silicate 1387,6 1667,8 3925,5 11064,3
Phosphate 21,3 19,1 103,8 180,6
Nitrate 8,3 2,3 136,8 1056,4

Winter 
Silicate 1394,3 2028,1 4550,4 16265,6
Phosphate 44,1 36,8 154,6 276,5
Nitrate - - - -
 

 

Table 2. The nutrients consumptions on the Laptev Sea shelf (thousands tons). 

Element the West part The East part Average 
estimated by nutrients concentration in the surface structure zone  

Silicate 13 721 367 
Phosphate 46 35 40 

estimated by primary production 
Silicate 456 926 691 
Phosphate 16 33 25 
Nitrate 114 232 173 

estimated by phytoplankton biomass 
Silicate 218 443 330 
Phosphate 73 148 110 
Nitrate 86 175 130 

estimated by biochemical oxygen demand 
Phosphate 65 97 81 
Nitrate 1032 1549 1291 
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Introduction 

The Kara Sea is one of the largest peripheral shelf seas of the Arctic Ocean.  Most of the sea is located 
far to the north from the Polar circle on the shallow Siberian shelf. It is influenced by the Arctic 
Ocean from the north and the Asian continent from the south. Climate conditions are severe and the 
sea is covered by ice during most part of the year. The shelf is indented from the north by two deep 
troughs: the Saint Anna trough (maximum depth is 600 m) and Voronin trough (depth up to 450 m). 
The Central Kara plateau is located between the troughs. The narrow and deep Novozemelskaya 
depression (depth up to 420 m) stretches along the eastern coasts of the Novaya Zemlya archipelago. 
The most part of the sea have the depths less than 200 m. Numerous islands are concentrated mostly 
in the central and northeastern parts of the sea (Atlas of the Arctic , 1985). The sea connects with the 
adjacent Barents and Laptev seas and has an open boundary with the Arctic Basin. Changeable 
hydrometeorological, ice, and biological conditions, complicated bottom relief, indented shoreline and 
numerous islands form a multilayered and mosaic water column structure in the Kara Sea. 

One of the remarkable features of the Kara Sea is a large continental runoff, with a volume about 
1350 km3 year-1 (Ivanov, 1976), or about 41% of total river runoff into the Arctic seas. River run-off 
influence on the hydrochemical conditions in the Kara Sea reveals in different ways, the main of those 
are: thermal influx, salinity decreasing (freshening), an additional import of dissolved and suspended 
organic and inorganic matters into the sea system (more than 150 million tons annually, (Ivanov, 
1976) and picnocline formation because strong stratification impedes energy and matter exchange 
between different layers of water. Additional nutrient influx with river waters plays an important 
ecological role, because it stimulates primary production. The river runoff is the main source of 
organic matter for the Kara Sea sediments as well as plankton and benthos organisms. 

 

Methods 

The main aim of this work is to show high variability of hydrochemical parameters in the Kara Sea. 
The temperature, salinity, oxygen, silicate, phosphate, nitrate, pH, and alkalinity were used to assess 
the variability in the different regions of the Kara Sea. According to the hydrochemical properties it 
can be separated some regions in the Kara Sea. They are: The river waters region, occupies the 
southern parts of the Ob and Yenisei Gulfs, the estuarine region in the northern parts of these gulfs, 
the river plume region, occupies all central part of the Kara Sea, the southwestern part of the sea, the 
northern part of the sea and the region of the Barents Sea waters influence. Each region has proper 
hydrochemical characteristics and water forming conditions. But even in frames of the separated 
region the ranges of hydrochemical parameters are very large.  

 The data used in this work were obtained in the Russian and international expeditions from 1906 till 
2001. The data set was analyzed by the so-called expert method (Stepanov, 1974), which 
simultaneously analyzes the spatial distributions of all available parameters. Ocean Data View 
software (Schlitzer, 2001) was used for data visualization, data selection, and to construct maps, 
profiles, and transects. 

 

Conclusions 

As a result the Kara Sea is a region with highly variable physical and biogeochemical processes. The 
considerable influence of freshwater inflow means that the Kara Sea is well stratified throughout the 
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year. Water column structure of the sea is very complex and changeable. The river plume area in the 
central part of the sea constitutes a vast frontal zone where waters of different origin interact and mix. 
It is necessary to note that there are some regions in the shallow Kara Sea where the water column 
may be homogeneous from the surface to the bottom either all year round or during a part of the year. 
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Introduction 

A  passive sampler for atmospheric aerosol particles was set up and operated for nearly 10 years in 
NE Greenland. These observations were ancillary to a research project  including a long term 
monitoring of lemming cycles (Karupelv Valley Project 1988 – 2002). This study site is located on 
Traill Island, in the NE Greenland National Park (near latitude 72°30’north and longitude 24° west), 
half way between the outer coast of the Arctic Ocean towards the East and the Icecap towards the 
West. It is distant by more than 500 kms of any other sites in Greenland at which some air pollution 
monitoring has been conducted in the past such as Station North or Greenland Summit. The results of 
these particle measurements may therefore fill a gap in our knowledge on aerosol  concentration 
levels and trends in this part of the Arctic. The approach taken in  a joint project of the University of 
Freiburg and the German Weather Service was also designed for comparison purposes with patterns 
of atmospheric particle load monitored in Germany  and South America  

 

Methods  

Particles were sampled by the passive sampler  Sigma-2 (Verein Deutscher Ingenieure VDI, 1997). 
The sampler is operated  without a pump and needs no electric supply at all. Particles are collected by 
gravity  on a highly transparent collection plate inside of the instrument. The interior of the instrument 
is acting as a stilling chamber (sedimentation tube). The collection plate is exposed to ambient air at 
the bottom of the sedimentation tube. The exchange with ambient air is provided by a set of four 
windows positioned in the outer protection cap of the instrument and the inner sedimentation tube as 
well (see figure 1). Because these windows are rotated against one another, suspended particles up to 
100 µm get into the instrument by atmospheric micro-turbulence almost unhindered, while the 
entering of bigger rain drops is prevented. By this, particle sampling is largely restricted to dry 
deposition. The convenient sampling period is seven days.  

After ending the annual sampling campaign, the collected particle samples were subject to 
microscopic single particle analysis and subsequent digital image analysis providing number, size and 
mean grey value for each particle in the size range from 3 to 100 µm particle diameter. By relating 
these data to the analysed surface area of the collection plate and the corresponding sampling time, a 
weekly size fractionated number deposition rate was available, of dimension particle number per m² 
and sec. By assuming spherical shape and unit density of 1 g/cm³ for each particle, a weekly size 
fractionated mass deposition rate was calculated from these data.  

Finally, the settling velocity of each particle was approximated by Stokes’ terminal settling velocity. 
The averaged settling velocity of certain size intervals was used as a conversion factor in order to 
calculate the weekly size fractionated mass concentration of ambient air particles in the corresponding 
size range . This approach was proved to be reliable by collocated conventional concentration 
measurement with pumps in several studies. Grey value measurement was additionally used to 
differentiate between a transparent, mineral or biological component and a black, typically elemental 
carbon containing particle fraction. From these data, size distributions could be established for all 
particles and the black component in the size range between 3 and 96 µm particle diameter. 

In addition to the microscopic particle analysis, ionchromatography was employed to determine water 
soluble sulphates and corresponding cations in deposited matter, e.g. ammonium and  sodium. These 
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data provide mass deposition rates for corresponding chemical species, but without any information 
on size resolution of analysed particles due to the non-size resolving, analytical technique. The data 
are of dimension µg/m² and sec. 

 

Results 

As may be taken from the figure, the nine summer measuring campaign  from 1991 to 1999 
surprisingly shows a clearly detectable trend in partic le concentration starting on a high level in the 
period from 1991 to 1993, a subsequent decrease till 1996 and a low level till the end of  the 
campaign. This course is most visible for the finer fraction below 10 µm particle diameter and for the 
black fraction in this range. An almost identical trend was found for the sulphate deposition. 
Atmospheric residence time of  these components is of several weeks to months or even years, as 
particularly known for sulphates. Therefore, these particles may be originated far away from the 
sampling site. Moreover, the exhibited course seems to indicate the impact of only  temporally active 
sources at the beginning of the measuring. From this consideration anthropogenic emissions as the 
origin can be ruled out. It is therefore suggested that volcanic emissions may be considered as sources 
for this fine sulphate rich component.  

 

Conclusions 

From date and magnitude there are two events in global volcanic activity which can be considered as 
sources: (1) the Hekla eruption  on Iceland in January 1991 and the Pinatubo eruption on the 
Philippines  in June 1991 (J.Keller, University of Freiburg, 2002). The impact of the Hekla eruption 
has probably given rise to the high particle level from the beginning of the recording on, while the 
Pinatubo eruption contributed to the particle level on Greenland not before 1992, but peaking in 1993. 
Afterwards no comparable eruptions happened in the vicinity of Greenland and no eruption of 
comparable magnitude as the Pinatubo explosion occurred in the global scale The particle level 
therefore decreased after this event from year to year due to lacking further  volcanic emissions of 
comparable importance. 

Also from particle composition there is a hint on volcanic emissions. The enhanced black, sulphate 
rich, particle component which was found in particle deposition between 1991 and 1993 suggests  an 
impact of volcanic particulate matter too, because sulphur dioxide is one of the major components of 
volcanic emissions.  

More data are needed to validate this hypothesis. However, an interesting aspect is given by the fact, 
that the passive sampling technique Sigma-2 may be suitable to monitor variations and trends in 
concentration and composition of atmospheric particulate matter even in remote areas like Greenland. 
Simple operation, low maintenance and low costs are possibly good arguments for employing this 
device for particle sampling  in remote or rural networks. In Germany it is therefore used for air 
quality control in rural areas, e.g. spas and health resorts.    
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