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Introduction 

The purpose of the study was to estimate the current range and the degree of soil 
contamination due to local diesel fuel leakage in the vicinity of the Polish Polar Station in 
Hornsund.  The area of the study covered the immediate vicinity of station buildings, the area of 
1980’s fuel barrel depot, and the area of fuel tanks.  The results of the study were compared with 
a similar study performed in 1980 (Krzyszowska 1985, 1986). As a result of the study, a map of 
the areas potentially contaminated with petroleum hydrocarbons was produced.  
Recommendations were provided regarding the locations of the main sources of petroleum 
hydrocarbon pollution with possible remediation approaches.   

Location 

The Polish Polar Station facilities are located in two areas.  The main area is located on 
the edge of the higher sea terrace at 10 m above sea level, (Attachment No. 1- Figure Nos. 1, 2, 
and 3) 200 m from the coast.  Facilities here include: a residential/laboratory building for 10 
persons in the winter and approximately 10-30 persons in the summer, a power station with two 
active diesel engines (76 h.p. each) and one emergency diesel engine (40 h.p.), a combustible 
waste incinerator building, and a sewage treatment plant (Attachment No. 1, Figure No. 10) .  
Other facilities are located next to the sea shore on the lower terrace near the harbor. This area 
consists of housing for motor boats and equipment, five (25 m3 each) fuel tanks, and one 3-ton 
gasoline tank (Attachment No. 1- Figure Nos. 9, 12, and 13). The double walled fuel tanks are 
filled with glycol for insulation from the cold temperatures.  Diesel for the power station is 
stored in four fuel tanks while the fifth one is used as an emergency tank needed if one of the 
tanks becomes damaged.  An alarm system has been installed on all tanks in case of spills.  
Diesel fuel is delivered to the power station through a double walled pipeline (Attachment No. 1- 
Figure No. 10).  A pump on top of one tank is used to pump fuel into the double pipe running to 
the power station.  Another pump delivers fuel between tanks and is also used in an emergency 
in case of a pump system failure.  

In 1980, fuel was stored in three metal fuel tanks (25 m3 each) (Attachment No. 1- Figure 
No.1) and in barrels in a 50 m x 22 m storage yard located 50-80 m north of the power station 
(Attachment No. 1- Figure Nos. 5, 6, 7, and 8).  The storage yard for fuel barrels (marked as 
“E1” on Attachment No. 2) is called fuel barrel depot throughout the text of the report.  Another 
temporary fuel barrel storage area (“E2”, Attachment No. 2) was located north of 
residential/laboratory building (Attachment No. 1- Figure No. 4).  In 2003 five fuel tanks were 
installed next to the shore on the lower sea terrace while the 1980s fuel tanks have been removed 
(Attachment No. 1- Figure Nos. 9, 12, 13).   All fuel barrels were removed by 2004 with the 
majority being removed in 2003.  There are currently no fuel barrels in the vicinity of the station 
buildings.  The power station was rebuilt in 2002-2003.  Presently the surface of the area 
(“yard”) located between the residential/laboratory building, power station, and waste incinerator 
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building is dragged and graded occasionally by station personnel (Attachment No. 1- Figure No. 
11).   

Methods 

Sample collection   

The study conducted in 1980 was designed to determine the effect of the activities of the 
Polish Polar Station on the environment and was titled “The balance of materials, wastes, and 
energy of the Polish Polar Station (Hornsund, Svalbard), and the station’s effect on its immediate 
surroundings.”  Changes in the chemical properties of soil caused by localized leakage from fuel 
barrel, transportation vehicles, and fuel supplies to the power station were determined by 
sampling 47 surface soil locations (at the depth of 0-5 cm) and in 9 soil profiles (49 soil samples 
collected at depths of 2, 5, 10, 15, 20, 30, 40, and 50 cm).   It was found that in the vicinity of the 
station, 3.5 ha have evidence of human impact, with 1.8 ha found to be contaminated by 
petroleum derived compounds.  In 1980, the location of soil samples was delineated on a 
topographic map produced by T. Radomyski (“Spitsbergen-Hornsund Polar Station of the Polish 
Academy of Science, 1978”) (Attachment No. 3). 

Prior to beginning field work in 2012, researchers used the map produced in 1980 with 
“Free Hand” drawing software to localize soil collection sites and superimpose the original soil 
collection sites on two more recent maps of the Polish Polar Station vicinity.  The recent 
topographic maps (scale 1:500 and 1:5000) were created by the Institute of Geodesy and 
Cartography, Warsaw, Poland in 1984. The two maps were used as a topographic background to 
transfer the location of soil sampling sites from the 1980 map (Attachment Nos. 2 and 4).  All 47 
soil samples and 9 soil profiles sites collected in 1980 were localized on these two maps as 
accurately as possible using the hand drawn map as well as descriptions of the sites. After 
transferring soil sampling sites onto both maps, it was necessary to define the spatial locations of 
the sites by georeferencing both maps.  Georeferencing helped to link soil samples datasets with 
their geographic locations. 

Georeferencing of maps was made possible with information obtained from Leszek 
Kolendra, co-author of the map titled “Werenskioldbreen and surrounding areas, Spitsbergen, 
Svalbard, Norway, orthophotomap 1:25 000.” The following spatial reference was used to 
georeference maps including soil collection sites at scale of 1:500 (Attachment No. 2) and 
1:5000 (Attachment No. 4): Geographic Coordinate System: UTM (Universal Transverse 
Mercator); Zone: 33 North; and Datum: WGS 1984 (World Geodetic System of 1984).  The 
georeferencing was performed using Esri’s ArcGIS Geographic Information System (GIS) 
ArcMap 10 software.  After georeferencing was complete, maps with the 1980 site locations 
were installed on the Trimble GeoExplorer Series GPS, GeoXM unit.  Additionally, photos of 
some of the 1980 sites were printed, which further helped to clarify 2012 sampling sites.   
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After reviewing petroleum hydrocarbon content in all 1980 soil samples, the researchers 
decided to collect 11 surface soil samples and 7 soil profiles from locations similar to the 1980 
sites. However, while working in the field, they discovered that some sites originally sketched on 
the topographic maps were inaccurate and relocation was necessary.  

Additional soil samples were collected from locations with high probabilities of 
contamination that were not included in 1980 study (Attachment No. 5).  Also, control samples 
were collected away from the sources of pollution.  The control samples included two soil 
profiles from the upper sea terrace (soil profile No. VIII), from the lower sea terrace (profile No. 
IX) and one sample from the sea shore (sample No.54) (Attachment Nos. 6 and 7).   A total of 59 
soil samples were collected between July 25th and August 4, 2012: 25 surface soil samples and 9 
soil profiles (containing a total of 34 individual soil samples down to 30 cm) (Table No. 1).   The 
location of all soil sample sites were marked on the map and loaded onto GeoXM unit 
(Attachment No. 5).  A backup record of GPS coordinates in Universal Transverse Mercator 
(UTM) for each site was collected for the X (meters East) and the Y (meters North) using a 
Garmin 62s unit (Table No. 2).  All soil surface (Attachment No. 6) and soil profile (Attachment 
No. 7) sample collection sites were photographed.  

Sample preparation 

Surface soil samples were collected with a shovel to 5 cm in depth.  The majority of soil 
profiles containing samples from depths of 0-5, 5-10, 10-20, 20-30 cm were collected with 
shovel and auger.  All collection holes were backfilled to blend with the surrounding terrain. To 
avoid cross contamination between samples, shovel and auger were washed with detergent and 
rinsed with hot water (kept in thermoses).  The amount of liquid waste was minimized by the use 
of paper towels that were collected in plastic bags and disposed of at the Polish Polar Station.  In 
a laboratory at the Station, all samples were sieved through a 2 mm stainless steel sieve, and 
approximately 50 g of each sample was collected.  To avoid cross contamination between 
samples, the sieve after each use was washed with detergent and rinsed with hot water.  All 
samples after sieving were frozen until analyzed.     

Sample analysis 

Soil samples were analyzed for concentrations of Diesel Range Organics (DRO) of the 
Total Petroleum Hydrocarbons (TPH). The TPH measurement is the total concentration of the 
hydrocarbons extracted and measured by a specific method.  For the purpose of this project, 
analyses were performed to determine the concentration of DRO, along with heavier and less 
volatile fractions of TPH. The DRO corresponded to a range of alkanes from C10 to C32.  

A silica gel cleanup was implemented to remove polar fractions of naturally occurring 
hydrocarbons.  Not using a silica gel cleanup could cause the TPH analysis to be based on the 
total extractable organics measurement rather than total petroleum hydrocarbons.  Throughout 



5 
 

this report, concentrations of DRO (nC10-nC32) are labeled “Total Extractable Hydrocarbons” 
(TEH) before silica gel cleanup and TPH after cleanup.  

A certified subcontracted laboratory, Inter-Mountain Laboratories, Inc. in Sheridan, WY 
(USA) analyzed DRO concentrations in soil samples. This laboratory used methods from U.S. 
Environmental Protection Agency Method (EPA), SW846 (Test methods for evaluating solid 
waste, physical/chemical methods). Samples were extracted using ultrasonic extraction method 
EPA Method 3550B (Ultrasonic extraction).  A silica gel clean-up for removal of naturally 
occurring hydrocarbons (polar compounds) was implemented according to EPA Method 3630C, 
(Silica gel cleanup).  Both extracts, before and after silica gel cleanup, were analyzed for DRO 
(nC10-nC32) by gas chromatography (EPA Method 8015C, Nonhalogenated organics by gas 
chromatography).  According to the laboratory results, all method blanks, duplicates, laboratory 
spikes, and/or matrix spikes met quality assurance objectives. 

The content of petroleum-derived substances in soil samples collected in 1980 was 
determined by semimicroextraction (modified Soxlet extraction) with n-hexane (Hermanowicz et 
al, 1976), using a gravimetric method which is less precise than gas chromatography.  Also, 
because some crude oil and heavy fuel oils may contain materials that are not soluble in n-
hexane, recovery of these materials might have been low.  The concentration of petroleum-
derived substances in soil samples collected in 1980 is called n-Hexane Extractable Material 
(HEM). 

Results 

Assessment of the extent of petroleum hydrocarbon contamination in the vicinity of the 
Polish Polar Station was based on chemical analysis of soil samples collected from 25 surface 
soil sites and 9 soil profile (34 soil samples) to depth of 30 cm (total of 59 samples).  Information 
regarding storage of fuel tanks, at the fuel depot and other potential sources of oil spills was 
collected at the Polish Polar Station from July 25th to August 4, 2012.  

Soil sample analytical results  

Concentrations of DROs representing TEH (before silica gel cleanup) and DRO (nC10-
nC32) representing TPH (after silica gel cleanup) were analyzed in every sample.  Results 
indicated that the difference between naturally occurring compounds (polar fractions) and 
petroleum origin (non-polar hydrocarbons) were not significant in the majority of samples with 
the exception of sample No. 47 and 48 (Table No. 3).  For the purpose of comparison, HEM 
concentrations from 1980 were compared with DRO, TEH compounds before silica gel cleanup.  
The general name that is used in the text of this report for HEM and TEH compounds is 
“petroleum-derived fuel compounds.” 

Identification and quantification of samples were based on comparisons of  
chromatographic data with reference standards.  The average percentage recovery was 70.8%+-
24. An example of the diesel spectrum of the Laboratory Control Standard is presented in 
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Attachment No. 8.  A surrogate standard (SS) was added to each sample before extraction, and 
an internal standard (IS) were added to the sample before analysis.  A typical example of a 
sample chromatograph is represented by sample No. 1 where two distinct component ranges 
were determined by their retention times indicating presence of diesel (up to 15 min) and motor 
oil (past 15 min).  As examples indicated, sample No. 42 was found to contain lighter 
compounds (diesel) of petroleum hydrocarbons while sample No. 47 presented heavier 
petroleum oil compounds characteristic of motor oil (Attachment No. 8).  Detection limits 
(lowest concentration that can be accurate) for TEH and TPH are shown in Table No. 3.   

 
Contamination of soil 

In 1980 the greatest concentration of HEM in soil samples was found in the following 
locations:  the fuel barrel depot (Attachment No.1, Figure Nos. 7 and 8), immediately below the 
upper sea terrace escarpment from the fuel barrel depot (Attachment No. 1- Figure Nos. 5 and 6), 
the fuel barrel storage area near the housing building (Attachment No. 1- Figure No. 4), and in 
the vicinity of the power station (Table No. 4- Attachment Nos. 2, 3, and 4).  In 2012 samples 
were collected from these areas in addition to the current fuel tank storage area (Attachment No. 
5).   

1980’s fuel barrel depot and storage area  

In 1980, before the installation of fuel tanks, all fuel was stored in barrels in the depot 
area approximately 50-80 m north of the power station (“E1”, Attachment No. 2).  Due to local 
fuel spills in this area, the highest concentration of HEM (432520 mg/kg) in 1980 was detected 
in sample No. 1 located on the edge of the fuel depot area (Attachment No. 2, Table No.4).  In 
2012, sample No. 20 (Attachment No. 6- Figure No. 6), collected from a similar location 
contained approximately 800 times less TEH (510 mg/kg) (Table No. 4, Attachment No. 5).  
This decrease in concentration is due to the soil being mixed and graded in this area.  

In 1980, the north side of the fuel depot area (surface sample Nos. 2, 6, and 7) contained 
high concentrations of HEM that varied from 1130 to 44160 mg/kg (Table No. 4, Attachment 
No. 2).  In 2012, a group of soil samples (Nos. 7, 8, and 18) collected from the same approximate 
location contained various concentrations of TEH.  In sample No. 7 (Attachment No. 6- Figure 
No. 2), the concentration was similar to the 1980 sample.  In sample No. 8 (Attachment No. 6- 
Figure No. 3), the concentration was 10% of the 1980 concentration.  In sample No. 18 
(Attachment No. 6- Figure No. 4) the concentration was 25% of the concentration from 1980 
(Table No. 4, Attachment No. 5). In general, surface soil samples (0-5 cm) from this area 
contained less total extractable hydrocarbons in 2012 compared to 1980. 

A comparison of results from soil profile No. V collected in 1980 with results from the 
soil profile No. II collected in 2012 (Attachment No. 7- Figure No.3) indicated that the 
concentration of petroleum-derived fuel products decreased twofold at depths of 0-2 cm and 
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threefold at depths of 2-5 cm over 32 years.  However, concentrations at 10-30 cm below the 
ground surface increased from undetectable in 1980 to 2300-2500 mg/kg in 2012.  Also, the 
concentration of TEH in soil profile No. III collected in 2012 (Attachment No. 7- Figure No. 4) 
increased with depth from 1500 mg/kg at 0-2 cm to 5500 mg/kg at 20 cm (Table No. 4, 
Attachment No. 5).  This was likely caused by the infiltration of contaminants from the surface 
to greater depths and by a higher degradation rate of petroleum hydrocarbon products at the 
surface.  Results of the TEH from 2012 indicated that the area of the 1980’s fuel barrel depot 
was less contaminated on the surface but more contaminated deeper in the ground compared to 
results from 1980. 

In 1980, a high concentration of HEM was found at the area below the portion of the 
upper terrace with the fuel barrel depot.  Here, the concentration of HEM reached 1830 mg/kg in 
sample No. 10 and 6310 mg/kg in sample No. 11 (Table No. 4, Attachment No. 4).  In 1980, the 
concentration of HEM in soil profile No. VII was 6100 mg/kg at a depth of 0-2 cm and 2160 
mg/kg at 2-5 cm, while no HEM was detected at a depth of 5-10 cm (Table No. 4, Attachment 
No. 4).  However, in 2012, this area did not show any contamination at any depth (Table No. 4).  
In 2012, sample No. 39 (Attachment No. 6- Figure No. 11), No. 40 (Attachment No. 6- Figure 
No.12) and soil profile No. VII (Attachment No. 7- Figure No. 8) collected along the ephemeral 
drainage passing through the 1980’s fuel barrel storage area contained concentrations of TEH 
comparable to control samples (Table No. 4, Attachment No. 5).   

In 1980, sample No. 15 (Table No. 4), collected approximately 100 m down the slope 
from the1980’s fuel barrel depot contained 1670 mg/kg of HEM.  In 2012, at the same 
approximate location, soil sample No. 28 (Attachment No. 6- Figure No. 10) did not contain any 
TEH. The range of the contamination compared to 1980 was significantly reduced in the 
immediate area of the fuel barrel depot.  TEH was not detected along the ephemeral drainages. 

Another source of contamination in 1980 originated at the fuel barrel storage area located 
north of the residential/laboratory building (Attachment No. 1- Figure No. 4).  In 1980, oil spills 
occurred on the surface (profile No. I) and below the escarpment (profile No. II)  (Table No. 4).   
In 2012, the concentration at a depth of 0-2 cm in soil (profile No. I) collected from the same 
location (Attachment No. 7- Figure Nos.1, 2) decreased 58 times from 242370 mg/kg to 4200 
mg/kg.  In 2012, the content of TEH in deeper soil samples also decreased significantly and was 
comparable to the control sample (profile No. IX, Attachment No. 7- Figure No. 10).  In 2012, 
soil at the base of the escarpment (profile No. V, Attachment No. 7- Figure No. 6) showed a 
significant decrease of TEH compared to samples from 1980 especially at 0-2cm (decreased 
from 170010 to 480 mg/kg) and at 2-5 cm (decreased from 42250 to 500 mg/kg) (Table No. 4).  
Further along the ephemeral drainages, concentrations decreased from 23320 mg/kg at 0-2 cm 
(profile No. III in 1980) to 31 mg/kg (profile No. VI in 2012, Attachment No. 7- Figure No. 7, 
Table No. 4).  The range of contamination from this source was significantly reduced (Table No. 
4) and was retained at the surface only to a distance of 20 m from the source of the fuel spills. 
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Power station 

Analysis of soils collected from both soil profiles No. IV in 1980 and 2012 (Attachment 
No. 7- Figure No. 5) represented petroleum-derived compounds concentrations in the vicinity of 
the power station.  High concentrations were found in 1980, with the highest at 0-2 cm (24530 
mg/kg) and 2-5 cm (31350 mg/kg) decreasing to 17650 at 5-10 cm and to 6210 mg/kg at 10-20 
cm.  The soil profile collected in 2012 next to the power station building was at a slightly 
different location than the soil profile from 1980 due to the remodeling of the power station.   In 
2012, the concentration of petroleum-derived fuel compounds varied from 860 mg/kg (0-2 cm 
depth), through 640 mg/kg (2-5 cm depth) and 59 mg/kg (5-10 cm depth) to being not detected at 
20 cm.  Surface soil samples collected in 2012 (No. 25, Attachment No. 6- Figure No. 7) 
contained 1600 mg/kg of TEH, less than found in sample Nos. 37 and 38 collected in 1980 (6620 
mg/kg and 2140 mg/kg) (Table No. 4). In general, the immediate area around the power station 
contained lower concentrations of petroleum-derived substances in 2012 than in 1980.   

To determine the highest concentrations of petroleum-derived substances around other 
station buildings additional samples were collected.  Samples from these areas were collected 
from spots with an “oily” smell and a darker film on the ground surface.  A high concentration of 
TEH (5000 mg/kg, sample No. 47, Attachment No. 6- Figure No. 19) was found where the scrap 
metal dump was located in 1980 (north of the waste incinerator storage building).  In this sample, 
after the silica gel cleanup (removal of naturally occurring organic compounds), the 
concentration of TPH was from 5000 mg/kg to 2600 mg/kg. Another area with higher 
concentrations of TEH was found around the snow scooter storage area (3200 mg/kg, sample No. 
46, Attachment No. 6- Figure No. 18).  Similar concentrations of TEH were found in another soil 
sample (No. 48) with a characteristic “oily” smell and a darker film on a surface (Attachment 
No. 6- Figure No. 20) located within the “yard” area.  However, after the soil in this area was 
mixed and graded, the concentration decreased to 190 mg/kg (sample No. 59, Table No. 4).  The 
practice of mixing soil around buildings should be continued and expanded to the snow scooter 
area as well as behind the waste incinerator building. 

Sea shore area 

Sediment samples collected in 1980 from a depression located near the beach 
(Attachment No. 6- Figure No.8) contained high concentrations of HEM (965 mg/kg in sample 
No.36 and 2430 mg/kg in sample No. 34, Table No.4). At that time it was found that the bottom 
of the depression contained water seepage carrying petroleum hydrocarbon compounds.  On the 
western side of the depression this water seepage was located at the boundary between different 
permeability layers (pebbles and sand).  The source of the water probably originated from the 
fuel barrel storage area located near the power station which is at higher elevation.  During 
spring snow melt, water carrying contamination likely infiltrated into the ground draining into 
the depression.  In 2012, sediment samples collected from this area did not indicate any 
contamination. 
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In 2012, sample No. 45 (Attachment No. 6- Figure No. 17) located next to the motor boat 
storage shop contained a higher concentration of TEH (140 mg/kg) than the control sample No. 
54 (33 mg/kg) from this area.  However, the concentration of TEH was five times lower than that 
found in the 1980 sample No. 46 (Table No. 4). 

Fuel storage tanks area near the harbor  

In 2012, a high concentration of TEH (4400 mg/kg) was found in the sediment under the 
valve of a pipeline at one of the fuel tanks (sample No. 41, Attachment No. 6-Figure No. 13). 
The valve was used to check the fuel quality and was removed in 2011.  At this location the 
source of contamination was eliminated.  Another location with a high content of TEH was 
observed at the area where fueling of heavy equipment occurred.  Here the concentration of TEH 
reached 500 mg/kg (sample No. 42, Attachment No. 6- Figure No. 14).  The area around the fuel 
tanks is occasionally washed with a solution removing petroleum hydrocarbons contaminants.  
Both areas listed above were washed with such solution and resampled.   The content of TEH 
decreased from 4400 mg/kg (sample No. 41) to 81 mg/kg (sample No. 57) and from 500 mg/kg 
(sample No. 42) to 30 mg/kg (sample No. 58) (Table No. 4).  The content of TEH in sample No. 
58, after the wash, is similar to the control sample No. 54 (Attachment No. 6- Figure No. 21).  
Below the gasoline tank, a higher content of TEH (120 mg/kg) than the control samples was 
detected in a spot with an “oily” smell (sample No. 56) (Table No. 4) 

The area between the shop and fuel tanks as well as area south of the shop contained few 
spots (less than 0.5m diameter) that contained higher TEH.  These spots were easy to detect by 
the “oily” smell and shiny polish (Attachment No.1, Figure No.12).  The highest content of TEH 
was in the sediment sample No.44 (11000 mg/kg) and a lower concentration in the sample No. 
43 (2600 mg/kg) (Table 4) (Attachment No. 6, Figure Nos. 15 and16).  These were very local 
and small areas of contamination that did not spread.  For example sample No. 55 located 
approximately 20 m from sample Nos.41 and 43 contained the concentration of TEH similar to 
the control sample.   

Conclusions and Recommendations 

As of 2012, areas potentially contaminated with petroleum hydrocarbons covered 0.9 ha 
(Attachment No. 9).  This was a significant decrease compared to the approximate 1.8 ha 
contaminated in 1980. The extent of 2012 contamination was limited to the immediate area of 
the fuel barrel depot, the current “yard” area near the main buildings, and the area near the fuel 
tanks on the beach near the harbor.  Previously detected contamination in the area below the 
escarpment next to the fuel barrel depot along the ephemeral drainages was not detected in 2012.  
The decrease in the extent of the polluted area was due to the removal of the main sources of 
pollution such as fuel barrels in 2003 and 2004.  Surface contaminants exposed to flowing water 
and aeration caused an increase in degradation rates.  However, in some cases, especially in the 
most contaminated 1980 area, at the fuel barrel depot, deeper soils in 2012 were found to contain 
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higher concentrations of TEH.  This was due to petroleum hydrocarbon products leaching into 
the deeper soil, as shown in profile No. III. As a result, sediments at 20 cm contained 3.6 times 
more petroleum hydrocarbons (5500 mg/kg) than at 0-2 cm (1500 mg/kg) (Table No. 4).  The 
best way to remediate this area is not disturb the sediments in the location north of sample No. 
20 and around sample Nos. 7, 8, 18, 19 and soil profile Nos. II and III (the area of the 1980’s fuel 
barrel depot) (Attachment No. 5).   

The immediate area around the power station contained smaller concentrations of 
petroleum hydrocarbon products in soil samples from 2012 compared to 1980.  This might be 
due to better management of oil waste at the power station.  Another area with higher content of 
TEH was the “yard” area between the residential/laboratory building, power station, and 
incinerator building.   The ongoing mixing and grading of soil in this area will help to remediate 
highly contaminated “oily” spots.  An example was sample No. 48 where the concentration of 
contaminants decreased from 3200 mg/kg to 190 mg/kg (sample No. 59) after mixing (Table No. 
4).  Other areas that are not occasionally mixed and graded (behind the storage building with the 
waste incinerator, area near the snow scooter storage) showed high concentrations of TEH (5000 
mg/kg and 3200 mg/kg) (Attachment No. 5, Table No.4).  Samples from these areas were 
collected from spots indicating a high content of pollution identified by an “oily” smell and a 
darker film on the surface.  These areas should also be mixed and graded to dilute these spots. 

Additional areas of contamination detected in 2012 were the fuel tank storage area near 
the harbor and the nearby roads.  The remediation solution is to watch for any spills around the 
fuel tanks and on the roads used by heavy equipment and to wash the polluted area with a 
neutralizing solution such as diluted detergent. Sample Nos.41 showed the effectiveness of this 
remediation where the content of TEH was reduced 54 times after being washed (sample No. 
57), and in sample Nos. 42 where TEH concentrations were reduced 6 times (sample No. 58) 
after being washed (Attachment No. 5, Table No.4).  There is a need to prevent the pollution of 
the area by installing a containment basin (a plastic liner with a layer of gravel) under the diesel 
fuel tanks, gasoline tank and in the area where vehicles are being fueled. 
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Table No. 1 Soil sample and soil profile characteristics collected in 1980 and their equivalent collection 
from 2012 
 
 
 
 
 
 
No. 
soil 
profile 

No. 
sample 

No. 
soil 

profile 
No. 

sample 
Depth 
(cm) Location (m. asl) Characteristics 

2012 2012 1980 1980 

I 

1 

I 

I-1 0-2 

escarpment, 7.2 

sand 
2 I-2 2-5 coarse sand 
3 I-3 5-15 medium sand 
4 I-4 15-30 medium sand 
5 I-5 30-50 medium sand 

  6   22 0-2   sand 
  7   2 0-2   sand, weathered rocks 
  8   6 0-2   sand, weathered rocks 

II 

9 

V 

V-20 0-2 

sea terrace, 10.6 

sand, weathered rocks 
10 V-21 2-5 medium sand 
11 V-22 5-10 medium sand 
12 V-23 10-20 medium sand 
13 V-24 20-30 medium sand 

III 

14 

VI 

VI-26 0-2 

escarpment, 10.5 

sand, weathered rocks 
15 VI-27 2-5 sand, weathered rocks 
16 VI-28 5-10 sand, weathered rocks 
17 VI-29 10-20 sand, weathered rocks 

  18   7 0-2   sand, weathered rocks 
  19     0-2   sand, weathered rocks 
  20   1 0-2   sand, gravel 

IV 

21 

IV 

IV-16 0-2 

sea terrace, 11.0 

organic matter, sand 
22 IV-17 2-5 organic matter, sand 
23 IV-18 5-10 sand, gravel 
24 IV-19 10-20 sand, gravel 

      37 0-2   sand, gravel 
  25   38 0-2   sand, gravel 
  26   35 0-2   sand, pebbles 
  27   34 0-2   sand, pebbles 

  28   15 0-2   organic matter, sand 
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V 

29 

II 

II-6 0-2 

sea terrace, 5.1 

sand, organic matter, weathered 
rocks 

30 II-7 2-5 
sand, organic matter, weathered 
rocks 

31 II-8 5-10 sand, weathered rocks 
32 II-9 10-20 sand, weathered rocks 
33 II-10 20-30 sand 

VI 34 III III-11 0-2 sea terrace, 4.7 organic matter, sand 
35 III-12 2-5 sand, organic matter 

VII 
36 

VII 
VII-33 0-2 

sea terrace, 5.5 

sand 
37 VII-34 2-5 sand, organic matter 
38 VII-35 5-10 sand 

  39   11 0-2 sea terrace sand, gravel, organic matter 
  40   10 0-2 sea terrace sand, gravel, organic matter 
  41     0-2 sea terrace sand, pebbles 
  42     0-2 sea terrace sand, pebbles 
  43     0-2 sea terrace sand, gravel, pebbles 
  44     0-2 sea terrace sand, gravel 
  45   46 0-2 sea terrace sand, pebbles 
  46     0-2 sea terrace sand, weathered rocks 

  47     0-2 sea terrace 
sand, organic matter, weathered 
rocks 

  48     0-2 sea terrace sand, gravel 

VIII 49     0-2 sea terrace 

sand, organic matter, weathered 
rocks 

50     2-5 
sand, organic matter, weathered 
rocks 

IX 
51     0-2 

sea terrace 

sand, organic matter, weathered 
rocks 

52     2-5 
sand, organic matter, weathered 
rocks 

53     5-10 sand, weathered rocks 
  54     0-2 sea terrace sand, pebbles 
  55     0-2 sea terrace sand, pebbles 
  56     0-2 sea terrace sand, pebbles 
  57     0-2 sea terrace sand, pebbles 
  58     0-2 sea terrace sand, pebbles 
  59     0-2 sea terrace sand, gravel 

  

Table No. 1 continued 
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Table No. 2 Locations of soil profiles and soil samples collected in 2012 
 
 

Soil Profile/Sample Number X East Y North 
I 513616 8547049 
6 513618 8547048 
7 513571 8547129 
8 513582 8547137 
II 513592 8547133 
III 513594 8547128 
18 513598 8547133 
19 513607 8547128 
20 513578 8547101 
IV 513550 8547062 
25 513563 8547059 
26 513742 8547077 
27 513759 8547067 
28 513709 8547089 
V 513630 8547053 
VI 513654 8547033 
VII 513633 8547135 
39 513623 8547145 
40 513619 8547156 
41 513756 8547012 
42 513758 8547032 
43 513763 8547002 
44 513746 8546940 
45 513764 8546973 
46 513600 8547086 
47 513538 8547095 
48 513597 8547071 

VIII 513571 8547182 
IX 513649 8547186 
54 513776 8547121 
55 513777 8547019 
56 513751 8547001 
57 513756 8547012 
58 513758 8547032 
59 513597 8547071 
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Table No. 3 Content of Diesel Range Organics (DRO): Total Extractable Hydrocarbons (TEH) and 
Total Petroleum Hydrocarbons (TPH) in soil samples collected in 2012 (location, Attachment No. 5) 

 

 

 

    
No. soil profile  No. sample 

Diesel Range 
Organics, DRO 

 
Detection limit 

Diesel Range 
Organics, DRO Detection limit 

 
  

Total Extractable 
Hydrocarbons   

Total Petroleum 
Hydrocarbons   

 
  TEH   TPH   

    mg/kg mg/kg mg/kg mg/kg 

I 

1 4200 620 3200 620 
2 500 250 390 120 
3 190 25 150 25 
4 38 25 79 25 
5 39 25 59 25 

  6 420 25 260 25 
  7 1600 500 2900 250 
  8 3200 500 3100 620 

II 

9 4500 500 3700 620 
10 3800 500 3700 620 
11 4900 500 5000 620 
12 2300 500 2400 620 
13 2500 500 2700 250 

III 

14 1500 500 1500 250 
15 3400 1200 3500 620 
16 4000 1200 6000 620 
17 5500 500 5300 620 

  18 2200 250 2000 250 
  19 2600 250 2300 250 
  20 510 120 450 120 

IV 

21 860 500 630 120 
22 640 120 360 120 
23 59 25 67 25 
24 n.d. 25 48 25 

  25 1600 250 1400 250 
  26 n.d. 25 46 25 
  27 n.d. 25 n.d 25 
  28 n.d. 25 29 25 

V 

29 480 25 390 25 
30 500 25 430 25 
31 140 25 140 25 
32 47 25 59 25 
33 n.d. 25 n.d 25 
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VI 34 31 25 50 25 
35 n.d. 25 n.d 25 

VII 
36 n.d. 25 n.d 25 
37 31 25 28 25 
38 n.d. 25 n.d 25 

  39 58 25 63 25 
  40 n.d. 25 n.d 25 
  41 4400 620 5100 620 
  42 500 25 440 25 
  43 2600 250 2000 250 
  44 11000 620 12000 620 
  45 140 25 130 25 
  46 3200 620 3800 620 
  47 5000 620 2600 620 
  48 3200 620 2100 620 

VIII 49 40 25 44 25 
50 27 25 37 25 

IX 
51 25 25 42 25 
52 n.d. 25 27 25 
53 35 25 49 25 

  54 33 25 47 25 
  55 32 25 56 25 
  56 120 25 140 25 
  57 81 25 97 25 
  58 30 25 37 25 
  59 190 25 160 25 

n.d. – not detected  

Table No. 3 continued 
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Table No. 4  Content of Total Extractable Hydrocarbons (TEH) in soil samples collected in 2012 and  
content of n-Hexane Extractable Material (HEM) in soil samples collected in 1980 (location, Attachment Nos. 2, 3, 4, and 5) 
 

 

  
 
 
 
 
 

  
 
 
 
           

 

  No. 
profile 

No. 
sample 

Diesel Range 
Organics, DRO No. 

profile No. sample 

 
 
Depth 

n-Hexane 
Extractable Material 

Sources of 
pollution,  

  

Total Extractable 
Hydrocarbons 

TEH 
  

 
 

HEM  
location 

  2012 2012 mg/kg (2012) 1980 1980 cm mg/kg (1980)   
  

I 

1 4200 

I 

I-1 0-2 242370 1980's 
  2 500 I-2 2-5 770 fuel barrel 
  3 190 I-3 5-15 3950 storage 
  4 38 I-4 15-30 n.d. near station, 
  5 39 I-5 30-50 1520 escarpment 
    6 420   22 0-2 730   
    7 1600   2 0-2 1130 1980's  
    8 3200   6 0-2 44160 fuel barrel depot 

de   

II 

9 4500 

V 

V-20 0-2 8220  
  10 3800 V-21 2-5 9050  
  11 4900 V-22 5-10 1110  
  12 2300 V-23 10-20 n.d.  
  13 2500 V-24 20-30 n.d.   
  

III 

14 1500 

VI 

VI-26 0-2 55540   
  15 3400 VI-27 2-5 n.d.   
  16 4000 VI-28 5-10 n.d.   
  17 5500 VI-29 10-20     
    18 2200   7 0-2 9600   
    19 2600     0-2     
    20 510   1 0-2 432520   
  

IV 

21 860 

IV 

IV-16 0-2 24530 power station 
  22 640 IV-17 2-5 31350 

   23 59 IV-18 5-10 17650   
  24 n.d. IV-19 10-20 6210   
          37 0-2 6620   
    25 1600   38 0-2 2140   
    26 n.d.   36 0-2 965 beach 

depression      27 n.d.   34 0-2  2430   
    28 n.d.   15 0-2 1670 lower sea terrace 
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n.d- not detected 

  

V 

29 480 

II 

II-6 0-2 170010 1980's fuel 
barrel   30 500 II-7 2-5 42250 storage near 
station; 
 

  31 140 II-8 5-10 2900 lower sea terrace 
  32 47 II-9 10-20 1570   
  33 n.d. II-10 20-30 1700   
  VI 34 31 III III-11 0-2 23320   
  35 n.d. III-12 2-5 2160   
  

VII 
36 n.d. 

VII 
VII-33 0-2 6100 1980's  

  37 31 VII-34 2-5 2160 fuel barrel depot 
  38 n.d. VII-35 5-10 n.d. along ephemeral 
    39 58   11 0-2 6310  drainages 
    40 n.d.   10 0-2 1830   
    41 4400     0-2   current fuel 

ttanksstorage 
tanks 

    42 500     0-2   tanks area 
    43 2600     0-2     
    44 11000     0-2    roads, beach 
    45 140   46 0-2 783 boat shop 
    46 3200     0-2   

     47 5000     0-2   station vicinity 
    48 3200     0-2     
  VIII 49 40     0-2   control samples 
  50 27     2-5   

   
IX 

51 25     0-2     
  52 n.d.     2-5     
  53 35     5-10     
    54 33     0-2     
    55 32     0-2   

     56 120     0-2   current fuel 
tanks storage 
tanks 
area 

    57 81     0-2    tanks area 
    58 30     0-2     
    59 190     0-2   station vicinity 

Table No. 4 continued 
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Attachment No. 1  Photos of the Polish Polar Station. 

Some of the photos from 2012 were collected from a similar location as taken in 1980 
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Figure No. 1 Looking south at the Polish Polar Station. 

2012 

1980 

Power station 

Main building 

Fuel tanks 

Storage  
Fuel line 

Power station 

Main building 
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Figure No. 2 Looking west at the area where a combustible waste was collected in 1980. 

 

 

1980 

2012 

Fuel line 

Main building 

Main building 



Attachment No. 1 

4 
 

 Figure No. 3 Looking south east at the edge of an escarpment where buildings are located. 

Sewage treatment plant Sewage line 

Fuel line 

1980 

2012 
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Figure No. 4  Looking south east at the area on the top of the escarpment near the building. 

2012 

1980 

Sewage line 
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Figure No. 5 Looking west at the lower area below the main escarpment. 

 

2012 

1980 

Fuel barrels 
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Figure No. 6 Looking west at the escarpment of the main terrace. 

2012 

1980 
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 Figure No. 7  Looking east at the terrace where fuel barrels were stored in 1980. 

1980 

2012 
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Figure No. 8 Looking east at the main terrace where fuel barrels were stored in 1980. 

1980 

2012 

Fuel barrels 

Summer group 
facilities 
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Figure No. 9 Looking east at the shore storage area. 

2012 

1980 

Marine shop 

Marine shop 
Fuel tanks 
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Figure No. 10 Looking east at the fuel pipeline and sewage treatment plant.  

 

Figure No. 11 Looking south at the graded “backyard” of the main facilities.

Fuel tanks 

Fuel pipeline 

Dragging tool 

2012 

2012 
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Figure No. 12 Looking north at the fuel tanks and “greasy” spots contaminated with fuel. 

Soil sample No. 8 

2012 
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Figure 13 Looking north at the shop and fuel tanks located near the harbor. 

 

2012 



  



Attachment No. 3 Location of soil samples and soil profiles collected in 1980 (Krzyszowska, 
A. 1986) 

 



  

Attachment No. 4 Approximate location of soil samples and soil 

profiles collected in 1980 (map 1:5000, Institute of Geodesy and 

Cartography, Warsaw, 1984) 

 



 

Attachment No. 5 Location of soil samples and soil profiles 

collected in 2012 



Attachment No. 8 Examples of chromatographs of Total Extractable Hydrocarbons (TEH) 
(before silica gel cleanup) for the laboratory control standard, Sample No. 1, 42, and 47. 

SS- surrogate standard 

IS- internal standard 
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Attachment No. 6  Photos of surface soil and sediment samples collected in 2012 

 

Table of Content 

No. of soil/sediment 
sample 

No. of Figure No. of the page 

6 1 2 
7 2 3 
8 3 4 
18 4 5 
19 5 6 
20 6 6 
25 7 7 
26 8 8 
27 9 9 
28 10 10 
39 11 11 
40 12 12 

41 and 57 13 13 
42 and 58 14 14 

43 15 15 
44 16 15 
45 17 16 
46 18 17 
47 19 18 

48 and 59 20 19 
54 21 20 
55 22 21 
56 23 21 
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Figure No. 1  Soil sample No. 6 and soil profile No. I 

 

  

Profile No. I 

Sample No. 6 

Looking west at the location of surface soil sample No. 6 and soil profile No. I 

soil profile No. I and  
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Figure No. 2  Sample No. 7        

  
  
  
    

Sample No. 7 

Looking north at the location of soil sample  

Looking south at the location of soil sample  
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Figure No. 3  Soil sample No. 8 

 

  

Looking east at the location of soil sample  

Looking south at the location of soil sample  
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Figure No. 4  Soil sample No. 18 and soil profile No. II 

  

Looking south at the location of soil sample No. 18 and soil profile No. II 

Soil sample No. 18 

Soil profile No.II 
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Figure No. 5    Soil sample No. 19 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure No. 6  Soil sample No. 20 

  

Looking south at the location of soil sample  

Looking south at the location of soil sample  
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Figure No. 7  Soil sample No. 25 

 

 

 

  

Looking west at the location of soil sample  
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Figure No. 8   Sediment sample No. 26 

 

 

  

Looking north at the location of sediment sample collected in 2012 

Looking north at the location of sediment sample collected in 1980 
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Figure No. 9  Sediment sample No. 27 

 

  

Looking east at the location of sediment sample  



Attachment No. 6 

10 
 

Figure No. 10  Soil sample No. 28 

Looking west at the location of soil sample  

Looking north at the location of soil sample  
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Figure No. 11  Soil sample No. 39 

 

 

  

Looking east at the location of soil sample  
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Figure No. 12  Soil sample No. 40 

 

  

Looking west at the location of soil sample  

Looking east at the location of soil sample  
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Figure No. 13  Sediment sample No. 41 and No. 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

Looking north at the location of sediment samples  
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Figure No.14   Sediment sample No. 42 and No. 58 

 

  
Looking south at the location of sediment samples  
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Figure No. 15  Sediment sample No. 43 

 

Figure No. 16  Sediment sample No. 44 

 

Looking west at the location of sediment sample  

Looking west at the location of sediment sample  
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Figure No. 17  Sediment sample No. 45 

 

  
Looking east at the location of sediment sample  
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Figure No. 18   Soil sample No. 46 

 

 

Looking north at the location of soil sample 

Looking west at the location of soil sample 
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Figure No. 19    Soil sample No. 47 

  

Looking east at the location of soil sample  
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Figure No. 20  Soil sample No. 48 and No. 59 

 

 

 

 

 

 

 

 

 

 

 

 

 

Looking south at the location of soil sample  

Looking north at the location of soil sample  
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Figure No. 21  Sediment sample No. 54 

 

  
Looking south at the location of sediment sample  
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Figure No. 22  Sediment sample No. 55 

 

Figure No. 23  Sediment sample No. 56 

 

 

Looking north at the location of sediment sample  

Looking north at the location of sediment sample  
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Attachment No. 7 Photos of soil profiles collected in 2012 

 

Table of Content 

No. of soil profile No. of Figure No. page 
I 1, 2 2 
II 3 4 
III 4 5 
IV 5 6 
V 6 7 
VI 7 8 
VII 8 9 
VIII 9 10 
IX 10 10 
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Figure No. 1 Soil profile No. I  

 

 

 

 

 

  

Looking north at the location of soil profile  

Looking west at the location of soil profile  
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Figure No. 2 Soil profile No. I and soil sample No. 6 

 

Profile No. I 

Sample No. 6 

Looking west at the location of soil profile No. I and surface soil sample No. 6 
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Figure No. 3 Soil profile No. II 

 

 

  

Profile II 

Looking south at the location of soil profile No. II and sample No. 18 

Looking east at the location of soil profile No. II 

Soil sample No. 18 

Soil profile No.II 
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Figure No. 4 Soil profile No. III 

 

 

  

Looking south at the location of soil profile  
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Figure No. 5 Soil profile No. IV  

 

  

Looking east at the location of soil profile  
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Figure No. 6 Soil profile No. V 

 

  

Looking west at the location of soil profile  



Attachment No. 7 

8 
 

Figure No. 7 Soil profile No. VI 

 

  
Looking west at the location of soil profile  
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Figure No. 8 Soil profile No. VII 

 

  

  
Looking west at the location of soil profile  

Looking west at the approximate location of soil 
profile collected in 1980. 
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Figure No. 9 Soil profile No. VIII 

 

Figure No.10 Soil profile No. IX 

 

Looking south at the location of soil profile  

Looking south at the location of soil profile  


