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Chapter 7
Geospatial Analysis of Persistent Organic 
Pollutant Deposits in the Arctic Ecosystems 
and Environment

Vladimir A. Kudrjashov

Abstract The study was conducted to determine the distribution of accumulation 
of persistent organic pollutants (POPs) in the ecosystem components and environ-
ment in the Arctic regions of Russia. A GIS software was used to obtain data from 
regions and locations for which POP concentrations exceeded threshold values or 
remained within the normal range. The geospatial analysis was carried out for sea 
water, sea-bed sediments, and marine and terrestrial ecosystem components. The 
accumulation coefficients of POPs in the ecosystem components and environment 
were calculated. The obtained data analysis gave an opportunity to demonstrate the 
accumulation of POPs in the ecosystems. By data modeling it was determined that 
there is an exponential character of the POP accumulation in the components of 
Arctic ecosystems and environment.

7.1  Introduction

In the last decades, there has been a global growth in industrial activity, mining and 
agriculture intensification. Various pollutants are produced as a result of these pro-
cesses. Among these pollutants are the persistent organic pollutants (POPs), such as 
DDT (dichlorodiphenyltrichloroethane), PCB (polychlorinated biphenyl) and HCH 
(hexachlorocyclohexanes), that remain active over a long period of time and also 
accumulate in the Arctic food chain in ecosystems and environment (Arctic Pollution 
1998; AMAP 2004). POPs can have negative influence on ecosystems and environ-
ment, for example by disturbing the physiological functions of biota, polluting food 
chains, and by environmental contamination (Arctic Pollution 1998; Crane 2000; 
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AMAP 2004). POPs are a large group of toxic organic substances. Chlorine ions are 
included frequently in the chemical composition of POPs as a one of their compo-
nents. These compounds are named chlorinated hydrocarbons. Some of the POPs 
are direct or collateral products of industrial production, whereas other POPs have 
been produced or are produced as pesticides.

Transboundary transportation of trace amounts of POPs causes them to migrate 
into the Arctic from other parts of the Earth. Biomagnification effect is created due 
to the POP accumulation in the food chains of Arctic ecosystems (Arctic Pollution 
1998; Crane 2000). By entering into polar biota, POPs can dissolve and accumulate 
in their fat tissues and then through the ecosystem chain by transfer from the lower 
parts of the food chains to higher ones with increasing POPs concentrations. 
Artificial organic chemical substances are very persistent to decompose in the arctic 
natural environment that is characterized by limited sunlight and lower temperature 
range. A forecast made with a help of mathematical model for a well-known pesti-
cide, DDT decay indicated a decrease in pesticide mass from the initial concentra-
tion in air (10%), seawater (1–2%) and soil (30%) in ten years’ time (Arctic Pollution 
1998). POPs accumulated in the arctic biota are ingested with the traditional food of 
the indigenous peoples and can cause various physiological disturbances and dis-
eases (Arctic Pollution 1998; Crane 2000; AMAP 2004).

7.2  Material and Methods

Geospatial analysis and modelling of contaminant concentrations of large regions 
provides an opportunity to (i) estimate the amount and location of pollutants, (ii) 
establish their dynamics and to (iii) predict POPs behavior in ecosystems and envi-
ronment. This study focused on two toxic anthropogenic chlorinated hydrocarbons 
with heavy molecular weights: dichlorodiphenyltrichloroethane (DDT) and poly-
chlorinated biphenyl (PCB). The geospatial analysis was made in the ArcGIS soft-
ware environment.

The aims of the study included (i) quantitative evaluation of the two POP spatial 
distribution, (ii) comparison of their concentrations in the examined areas with 
threshold concentrations, (iii) calculation of two POP accumulation coefficients in 
the natural environment including sea water and sediments as well as in the compo-
nents of arctic marine and terrestrial ecosystems. The geospatial analysis was car-
ried out by using theme series of raster picture maps from the Arctic environmental 
atlas (Crane 2000), which were added as temporal grid-layers to the respective 
ArcGIS project. The threshold values indicating DDT and PCB values above the 
normal concentration range for environmental components and biota were obtained 
from tables in the Supplement B: Normal and threshold values of pollutant concen-
trations (Crane 2000).

Polluted habitats and regions were digitized manually into ArcGIS.  Digitized 
polygon areas were calculated. The areas having equal pollutant concentrations 
were merged and calculated.
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The conceptual model was created for estimation of the POP spatial impact in 
the Arctic ecosystems and environment. The model included an interactive histo-
gram calculated on the basis of the merged polygon areas with the various POP 
concentrations. In the histogram, the abscissa axis shows the POP concentrations 
and the ordinate axis shows the merged polygon areas. The interactive histogram 
provided an opportunity to visualize and analyse the geospatial distribution of areas 
with various POP concentrations. A vertical red line was overlaid on the histogram. 
The line represents the threshold value of the POPs for various biota and environ-
ment components (Crane 2000). By using the red line as an indication, one can 
obtain the regions and locations for which the POP concentrations exceeded the 
threshold values or remained within the normal values.

The realization of the conceptual model for surface sea-bed sediment DDT pol-
lution is presented in Fig. 7.1. Vertical red line on the interactive histogram shows 
the threshold value equal to 46 ng/g for the sediment (Crane 2000). All DDT con-
centration classes visualized on the interactive histogram did not exceed the thresh-
old value.

Fourteen thematic vector data map layers of ArcGIS project were analysed by 
the conceptual model approach. The thematic data map layers contained areas pol-
luted with DDT and PCB in various locations and concentrations. In the ArcGIS 
project, the following thematic data map layers were included for DDT: sea water, 
surface sea-bed sediments, seals (fat), beluga whales (fat). In the ArcGIS project, 
the following thematic data map layers were included for PCB: surface sea-bed 
sediments, seals (fat), beluga whales (fat), seagulls (liver), polar bears (fat),  caribous 

Fig. 7.1 The geospatial distribution of the DDT concentration in sea-bed sediments, based on the 
conceptual model
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(liver), peoples (blood), peoples (breast milk fat). The analysis of DDT focused on 
two time periods of 10–15 years (1970–1985 and 1986–1996), providing an oppor-
tunity to compare the concentrations between the two time periods and to determine 
the pollutant concentration dynamics. The data for DDT and PCB concentrations 
were obtained from a series of raster picture thematic maps of the Arctic environ-
mental atlas (Crane 2000) during its digitalization.

7.3  Results and Discussion

The results of the geospatial analysis revealed that a considerable part of the inves-
tigated areas had POP pollution. Nevertheless, only a small part of these areas had 
DDT or PCB concentrations that exceed the threshold values. Exceeding concentra-
tions were identified in six of the investigated themes. These themes for DDT were 
sea water (two investigation periods) and beluga whales (fat). For PCB they were: 
seals (fat), beluga whales (fat) and polar bears (fat). Pollutant locations and areas of 
the given themes were determined and described. Comparison of the data obtained 
from the two investigation periods did not allow determination whether the POP 
accumulation was increasing or decreasing.

Subsequent advanced geospatial analysis included the calculation of accumula-
tion coefficients for every POP in the biota components and environment. The accu-
mulation coefficients were calculated with the formula: Ka= Cf / Cp, where Ka – POP 
accumulation coefficient, Cf – concentration of POPs in the following ecosystem 
level, Cp  – concentration of POPs at the previous ecosystem level. The formula 
includes pollutant concentrations which are attributive values of geospatial polygo-
nal GIS objects. They were calculated as an average POP concentration for every 
theme of investigation.

These pollutant concentrations, obtained from raster picture thematic maps of the 
Arctic environmental atlas (Crane 2000) were included into attribute tables of polygo-
nal GIG objects. They were calculated as an average POP concentration for every 
theme of investigation or ecosystem components. The average POP concentration was

calculated with the formula: Cec = å
=i

n

iC n
1

/ ,  where Cec  – average concentration

of POPs in the ecosystem component, Ci – concentration of POPs in the merged 
thematic map polygon, n  – the number of merged thematic map polygons. For 
example in Fig. 7.1 one can see the set of DDT concentrations in the surface sea-bed 
sediments presented on abscissa axes. The average concentration DDT in the eco-
system component i.e. in the surface sea-bed sediment is Cec = 0.71 ng/g. The POP 
concentration values for geospatial analysis presented in Figs. 7.2, 7.3, 7.4, 7.5, and 
7.6 were calculated by means of the described method and presented formula. The 
values of Cec were shown near the data symbols or above diagram bars in the 
Figs. 7.4, 7.5, and 7.6.

Results of the Ka calculations are presented in Figs. 7.2 and 7.3.

V.A. Kudrjashov



71

Accumulation coefficient values for DDT between the abiotic and biotic ecosys-
tem components and between the two studied time intervals are presented in 
Fig.  7.2. Data analysis shows a well-detected trend of accumulation coefficient 
increase for transition from one abiotic component – sea water- to another compo-
nent  – sea bed sediment- and also from abiotic ecosystem components to biotic 
ones. The two time intervals on the DDT accumulation coefficient was not obtained 
in the sea water case, but Ka was obtained for the seal one.

The PCB accumulation coefficient values for marine and terrestrial ecosystem 
components are represented in Fig. 7.3. Absence of data for the PCB accumulation 
in the sea water is caused by the following factors: (i) PCB is accumulated in the 
water top layer on sea water – atmospheric boundary. The layer thickness varies 
from some microns to 1 mm. PCB concentration many times increases in the layer. 
(ii) In the sea water mass, PCB is absorbed by suspension and settles on the sea bed 
(Crane 2000). High accumulation coefficient values in the marine ecosystem 
 components represented in Fig.  7.3 are observed in the transition from abiotic 
 component to biotic ones and also in the biotic component itself. In the terrestrial 
ecosystem components, a considerable accumulation coefficient value was obtained 
when comparing the PCB concentration in the caribou liver tissue and in the breast 
milk fat.

More generalized analysis was carried out to obtain the quantitative characteris-
tics and calculate equations connecting POP accumulations and Arctic ecosystem 

Fig. 7.2 Accumulation coefficients (Ka) for DDT in the marine ecosystem components. Numbers 
above bars represent Ka values
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Fig. 7.3 Accumulation coefficients (Ka) for PCB in the marine and terrestrial ecosystem compo-
nents. Numbers above bars represent Ka values

Fig. 7.4 The DDT concentrations in the marine ecosystem components. Numbers near the sym-
bols represent the DDT concentrations (ng/g)
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components. The relationships between POP concentrations and various ecosystem 
components and related equations are presented in Figs. 7.4 and 7.5.

The data analysis presented in Fig.  7.4 shows that DDT concentrations are 
sharply increasing in the ecosystem components. The increase in concentration is 
characterized by exponential dependence and is expressed in the equation presented 
in the figure.

Analysis of the PCB accumulation in the marine and terrestrial ecosystems com-
ponents is presented in Fig. 7.5. PCB concentration shows an exponential increase 

Fig. 7.5 PCB concentrations (a) in the marine ecosystem components, (b) in the terrestrial eco-
system components. Numbers near the symbols present the PCB concentrations (ng/g)
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in the ecosystem components for both of the studied ecosystem. Related exponen-
tial equations are presented for both ecosystem components.

The magnification for DDT and PCB in the biota and environment is presented 
in Fig. 7.6. The average pollutant concentration in the sea water, sea-bed sediment 
and biota were used for the diagrams. The analysis of the diagram indicated that a 
considerable increase in the POP accumulation upwards in the hierarchical level of 
investigated ecosystems took place.

7.4  Conclusions

A geospatial analysis of the concentrations and distribution of two POPs, DDT and 
PCB, in the Russian Arctic regions showed, that these pollutants are present in most 
parts of the Russian Arctic, but that their observed concentrations do not exceed the 
threshold values in most parts of the investigated territories. Furthermore, it was 
determined that POP accumulation showed an exponential increase in the studied 
Arctic ecosystem components and environment, and that the magnification effect of 
the POP accumulation took place in the Arctic ecosystem components and 
environment.

Fig. 7.6 POP magnification effect in the Arctic ecosystem components (a) for DDT, (b) for PCB. 
Numbers above the bars represent the POP concentrations (ng/g)
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