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It is difficult to estimate the direct impact of crude oil contamination on soil biota
at oil mining sites. Human activities such as building, trampling, and flooding by
mining water change soil and influence soil biota around mining sites. A possible
way for the assessment of crude oil contamination is using of sensitive species
and parameters of soil biota as biotests.

Among soil animals, mites, springtails, earthworms, and enchytraeids are
susceptible to crude oil contamination (Pirhonen and Huhta 1984; Artem’eva
1989) and earthworm Fisenia fefida was recommended as the biotest of crude oil
contamination (Saterbak et al. 1999). However, earthworms, who live in soil as in
a whole body, are exposed to contaminants in other manner than dwellers of soil
pores such as microarthropods or enchytraeids. Enchytracids, who inhabit a
variety of substrates (soils, sediments, organic remains), were suggested as a
model test object for organic chemical testing (Rombke 1989; Westheide and
Bethge-Beilfuss 1991, Rombke et al. 1998). They were examined also as a biotest
of soil contamination by sewage sludge (Achazi et al. 1996) and in the paper we
consider them as a biotest of toxicity of soils contaminated by crude oil.

MATERIALS AND METHODS

The enchytraeid Enchytracus crypticus Graefe et Westheide were taken from
laboratory culture of Lab. Bioindication of the Institute of Ecology and Evolution
of the Russian Academy of Sciences. This species had been used in laboratory
examination of toxicity of chemicals and contaminated soils (Rombke et al
1998). 1t has short life cycle and breeds and develops well in different substrates
as artificial OECD soil (OECD 1984), agar media, soils and sediments at
temperatures up to 30° C.

A set of samples of the surface (0-10 cm) layer of podzolic soil was collected at
Luginetzky mining field (58” 10°05N and 78" 53°10”E, Tomsk Region, Russian
Federation) around a well and places of accidental oil releases. Some soil
parameters and concentrations of contaminants in the samples are given in Table
1. Samples ¥l and F2 were taken under flare of the well. Samples P16, P17 and
P54 were collected in the places of crude oil accidental releases. F2 and P 54
looked like humus layer of soil. F1 and P16 were similar gley soils due to
flooding by water. P17 looked like mineral layer of gley soil.
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Samples were air-dried at 40 C for 1 week and milled in a grain mill. Plastic jars
(100 mL) were applied as experimental vessels. Soil (10 g at dry mass basis) was
put into a jar and moistened to 60% of maximal WHC. Six replicates for every
soil sample were used. For some degraded soils, two parallel sets of jars were
prepared. The first set contained the original soil and the other set the soil with 1%
CaCO; added to increase soil pH. The OECD soil {70% of fine sand, 20% of
caolinite and 10% of fine ground sphagnum peat) was considered as a reference
substrate.

Table 1. Parameters of contaminated soils.

Parameters OECD Fl1 F2 P16 P17 P34
pH CaCl, 5.37 635 | 480 | 472 | 469 | 4.68
pH after adding 1% 6.04 5.46 548 | 543
CaCOx

LAI% 15.0 5.0 10.2 4.7 8.7 9.9

Max. WHC % 941 723 | 127.8 ] 90.1 654 | 1084
C% 1.84 | 3.63 1.76 31 4.41

N % 0117 027 | 009 | 0.12 | 028

S % 0.014 | 0.043 | 0.613 | 0.028 | 0.044
P,05 % 013 041 0.07 | 0.11 0.24
Phenols ug/g 0.4 0.6 0.1 1.0 2.0
PAH pg/g 0.4 0.1 0.1 4.0 0.1
TCH mg/g 0.3 03 0.4 10 04
SAC, ug/g 0 o* o* 35 0*

F1 — near the well; F2 — 1 km from the well; P16 — P34 — accidental releases; LAI
— losses after ignition; WHC — water holding capacity; PAH - polycyclic aromatic
hydrocarbons; TCH - total crude oil carbohydrates; SAC — surface active
compounds. * - matrix prevents determination of SAC although they were m
samples

Ten adult specimens were put in every jar and 25 mg of oat flakes was added for
food. All jars were covered by plastic food foil to prevent water losses. The jars
were kept in an incubator at 202 C, 80% relative humidity and 16:8 h of
light:dark period during 4 weeks. Water was added every week up to 6G% of max.
WHC and food was added only the first two weeks. After two weeks, adult
animals were removed from all jars to estimate mortality. At the end of the
experiment, 10 mL of 96% alcohol were put into every jar and after 10 min some
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drops of 1% alcohol solution of Bengal Rose (Acros) dye were added in every jar
to stain enchytraeids for enumeration as described by Wim de Coen (Rombke et
al. 1998).

Soil pH was determined after 2 h shaking of soil suspension in 0.0 M CaCl,
(1:2.5). Losses of ignition were estimated after 6 h soil ignition at 450°C in a
muffle oven. Water holding capacity was determined by weighing water-saturated
soil samples before and after 24 drying in an oven at 1059C. Soil carbon, nitrogen
and sulfur was determined by CNS analyzer (Carlo Erba 1106) modified for soil
samples up to 200 mg, and phosphates were determined by the colorimetric
method with ammonium molybdate and tin chloride. Data on soil contamination
were put at our disposal by Dr. Eugeny. Voznesensky.

To compare effects on enchytraeids and soil microorganisms, soil respiration was
measured in conditioned soil samples. Fifty g of air-dried soil (4 replicates for
every soil) was moistened by 25 mlL of demineralized water and kept at 20°C for
7 days. After 7 days, 6 g per portion (25 portions per soil) were taken for each of 5
substrates and 2 mL of a substrate were added to a portion. The next substrates
were selected: demineralized water, glucose solution 12 g/L, o-ketoglutaric acid
solution 2.5 g@/L, asparagine solution 2 g/L and Tween 80 suspension 40 g/L
according to Degens and Harris (1996). The portions were incubated at 26°C for
1.5 hour. CO, evolution was measured in every portion during 5 minute
accumulation at 18° C in Van Wensem et al (1992) microcosms by Infra Red Gas
Analyser (Type 225 MKk3, Plant Physiology, Analytical Development Co. UK)
with Unit (WA 161 Mk3/12, Analytical Development Co. UK).

Descriptive statistics, t-test for independent samples, Pearson, Spearman and
Kendall tau rank correlation were applied for data examination by using the
statistical package Statistica 5.0 for Windows.

RESULTS AND DISCUSSION

The results of soil testing are shown in Fig. 1-2. Enchytraeids reacted to crude oil
contamination of soil, and in the most contaminated point (P17), enchytraeid
survival was very low with and without CaCO; addition. In the case of the less
contaminated soil F2 an effect of survival is only visible after CaCO; addition.
There was linear correlation between adult survival and PAH and TCH content in
soil (r = -0.95 and -0.93 respectively). Spearman and Kendall tau rank
correlations were significant only between survival and PAH content. Enchytraeid
survival in OECD soil did not differ from survival in most soils under
examinations (except P17).

Reproduction (number of juveniles and juvenile/adult ratio) was influenced
possibly by other factors such as pH. It is partially confirmed by addition of
CaCOs to some soils. It increased breeding success in the P17 and F2 soils but not
in the P16 soil. Number of juveniles and the ratio in OECD soil was similar with
the same parameters in F1 and P54 soils. There was no correlation between
reproduction parameters and contaminant content or measured soil characters.
Nonetheless, number of juveniles and juvenile/adult ratio correlated linearly with
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asparagine-induced respiration. Spearman and Kendall tau rank correlation
revealed a connection between breeding success and basal and substrate-induced
respiration, except respiration induced by a-ketoglutaric acid.

Effects of crude oil contamination on adult enchytracids were noticeable at
concentration of TCH 10 mg/g of soil and PAH 0,4 pg/g. Such effects on
enchytraeids were observed at experimental contamination 6.25 1 of light fuel oil
per m’ (Pirhonen, Huhta 1984) and 10 1 of crude oil per m’ (Artem’eva 1989).
Earthworms did not reacted on concentration of total petroleum hydrocarbons up
to 8.6 mg/g of soil (Salanitro et al 1997).

It 1s appear that the survival of adult enchytracids may be used as an index of
heavy crude oil contamination of soil because correlated linearly with PAH and
TCH content. Similar correlation with total petroleum hydrocarbon content in soil
was found for earthworm (Zisenia fetida) survival during 14-day test (Saterbak et
al. 1999).

Reproduction of enchytraeids is more sensitive to the contamination although
there are no correlations with measured parameters of contamination. For
earthworms, mortality during 14-day test was the more sensitive index than
reproduction due to high variation of cocoon and juvenile production in control
soils (Saterbak et al. 1999). Absence of any correlation between enchytraeid
breeding parameters and the contamination is possibly connected with short
period of maintaining juveniles in contaminated soils or with impact of other
crude o0il compounds then measured ones or with invisible changes of soil quality
under conditions of crude oil mining. Sulfur compounds from flare of the well
may impact on young enchytraeids in F2 soil. High phosphorus content in F2 soil
may be also responsible for low breeding of enchytracids. For earthworms,
toxicity of petroleum hydrocarbons was higher in soils amended with phosphorus
(Knoke et al. 1999). The chemicals were possibly neutralized in soil with neutral
pH (F1) but were bioavailable in acid soil (F2). Addition of CaCO; to F2 soil
neutralized them and increased breeding success. CaCO; has also ameliorating
effect in gley soil and due it number of juveniles and ratio juveniles/adult
increased in P17 soil after liming. Soil pH was the main factor determined
enchytraeid reproduction failure in acid soils contaminated by sewage sludge
(Achazi et al. 1996). The high variability of number of juveniles and ratio
juveniles/adult in P16 soil might be an indication for the high variability of soil
features in the point under the contamination. The observed variability may also
be an index of contamination impact at least of low level impact. The standard
deviation/mean ratio for number of juveniles in P16 soil is 183.3% while in F2
soil it is 132.7% and for other soils lowers than 86% (minimal for OECD soil —
20.2%). Addition of CaCOj; leads to a decrease of the ratio but it is 105% for P16
soil and lowers than 51% for all other soils. Skewness and kurtosis values also
show that there are significant departures from normality for number of juveniles
in P16 and P54 soil. Calcium carbonate addition sharply decreased the value for
both soils. It also says on influence of crude soil contamination in these soils
nonetheless that there are now significant differences between mean values for
OECD and P54 sotls.
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It is more important to note that breeding success correlated with soil respiration,
especially with asparagine-induced respiration. It may be a result of independent
parallel changes in breeding success of animals and in microbial communities
under the contamination, or a result of primary changes in microbial communities
under the contamination and following changes in breeding success of
enchytraeids, who used microorganisms as food. The first assumption is more
realistic because heavy metal contamination does not induce such parallel changes
(Pokarzhevskii et al, 1999). Moreover, trends in changes of enchytraeid breeding
and substrate-induced respiration under heavy metal contamination were in some
extent opposite. It is presumably reflecting differences in availability of toxic
compounds in soil. Effects of heavy metals on enchytraeid breeding were
dependent on soil organic matter, calcium and phosphorus content (Filimonova et
al. 2000). Effects of crude oil on animals were modified by application of CaCOs,
however they not depended on soil organic matter. We discussed above effects of
CaCOs; addition and it is appear that crude oil compounds may impact on
enchytraeids directly while heavy metal contamination through availability of
compounds in food. Soil microorganisms have more close relations with toxicants
in their environment and hence availability of toxic compounds for them is
depended on environment conditions.

The enchytraeid Enchytraeus crypticus may be used as a biotest of crude oil
contamination of soils, although, only high level of contamination shows obvious
depletion in the biotest populations (mortality of adults and decreased breeding
success). Low levels of contamination induce a decrease of breeding success or an
increase of variability in number of hatchling enchytraeids. The comparison of
parameters of enchytraeids in contaminated soils with parameters of substrate-
induced respiration exhibits similar reaction of enchytraeid and microbial
populations to contamination. It suggests that crude oil contamination affects on
enchytraeids and soil microorganisms by similar ways.

Acknowledgements. This study was partially granted by ‘Enchytraeid Ringtest’
project of Umweltbundesamt (Germany) and European Chemical Bureau, Federal
Program ‘Integration’ (project K0151), Russian Foundation of Basic Research
(project 99-04-48577) and NWO (The Netherlands) project ‘Pollution-induced
changes in soil invertebrate food-webs’. We thank Dr. Jorg Rombke, Dr.
Bernhard Forster (ECT GmbH, Florsheim), Prof. Nico M. Van Straalen (Vrije
Universiteit, Amsterdam) and the reviewer for valuable discussions and comments
during our work. We thank also Dr. Eugeny Voznesensky and Dr. Vera
Voznesenskaya for data on soil contamination and collection of soil samples.

REFERENCES

Achazi RK, Chroszcz G, Pilz C, Rothe B, Staudel I, Throl C, Pfadenhauer J
(1996) Der Einfluss des pH Wertes und von PCB 52 auf Reproduktion und
Besiedlungsaktivitat von terrestrischen Enchytracen in PAK, PCB und
schwermetallbelasteten Rieselfeldboden. Verh Ges Okol. 26: 37-42.

Artem’eva TI (1989) Soil animal communities and re-cultivation of technogenic
territories. Nauka. Moscow (in Russian)

413



Degens BP, Harris JA (1997) Development of a physiological approach to
measuring the catabolic diversity of soil microbial communities. Soil Biol
Biochem 29:1309-1320

Filimonova 7V, Pokarzhevskii AD, Krivolutsky DA, Zaitsev AS, Verhoef CA
(2000) Ecological mechanisms of soil biota tolerance to metal contamination.
Repts Acad Sci 370:571-573

Knoke K. 1., Marwood T. M., Cassidy M. B., Liu D, Seech A. G., Lee H,
Trevors J. T. (1999). A comparison of 5 bioassays to monttor toxicity during
bioremediation of pentachlorophenol-contaminated soil. Water Air Soil
Pollut 110: 157-169.

OECD (Organisation for Economic Development) (1984): Guideline for Testing of
Chemicals No. 207. Earthworm Acute Toxicity Test. Paris.

Pirhonen R, Huhta V (1984) petroleum fractions in soil: Effects on populations of
Nematoda, Enchytracidae and Microarthropoda. Soil Biol Biochem 16: 347-
350

Pokarzhevskii AD, Van Straalen NM, Butovsky RO, Filimonova ZV, Zaitsev AS
(1999) Ecosystems as units of study in soil ecotoxicologyln: Butovsky RO,
Van Straalen NM (eds) Pollution-induced changes in soil invertebrate food-
webs. Vol. 2. Vrije Unversiteit, Amsterdam and Moscow pp. 9-30

Rombke T (1989) FEnchytraeus albidus (Echytracidae, Oligochaeta) as a test
organism in terrestrial laboratory systems. Arch Toxicol 13:402-405.

Rombke J, Moser T, Knacker T (1998) Enchytraed reproduction test. In: Sheppard
S, Bembridge J, Holmstrup M, Posthuma L (eds) Advances in earthworm
toxicology. SETAC, Pensacola. pp. 83-97

Salanitro J. P., Dorn P. B., Huesemann M. H., Moore K. O., Rhodes I. A., Jackson
L. M. R, Vipond T. E., Western M. M.,Wisniewski H. L. (1997). Crude oil
hydrocarbon bioremediation and soil ecotoxicity assessment. Environ Sci
Technol 31: 1769-1776.

Saterbak A., Toy R. J., Wong D. C. L., McMain B. J., Williams M. P., Do P. B.,
Brzuzy L. P., Chai E. Y., Salanitro J. P. (1999). Ecotoxicological and
Analytical Assessment of Hydrocarbon-Contaminated Soils and Application
to Ecological Risk Assessment. Environ Toxicol Chem 18: 1591-1607

Van Wensem I, Krijgsman M, Postma JF, Van Westrienen RW, Weznbeek JM
{1992) A comparison of test systems for assessing effects of metals on isopod
ecological functions. Ecotoxicol Environ Saf 24: 203-216

Westheide W, Bethge-Beilfuss D (1991) The sublethal enchytraeid test system:
Guidline and some results. In: Esser G, Overdieck D (eds) Modern ecology:
Basic and applied aspects. Elsevier. Amsterdam. pp.497-508

414



