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Abstract

We investigated the subsequent effect of oil derivatives on life parameters of Harpalus rufipes Deg.
(Coleoptera, Carabidae) and the accumulation of polycyclic aromatic hydrocarbons in its body. We also
attempted to determine the influence of the presence of H. rufipes on the total content of oil derivatives
in soil. The following objects were established: control — unpolluted soil; soil polluted with petrol;
soil polluted with diesel fuel and soil polluted with used engine oil. Oil derivatives were used in a dose
of 6 000 mg of fuel / kg d.m. of soil. In the laboratory, survival and body mass change of H. rufipes
reared in soil contaminated with petroleum products, as well as their influence on the oil content
in soil, was investigated. Harpalus rufipes Deg. reveals sensitivity to the presence in its vicinity of
engine oil and diesel fuel, visible as decreased survival rate, whereas petrol does not affect the beetle
condition. The analysed kinds of oil derivatives did not negatively affect beetle body mass gain. Soil
experiments did not reveal any dependence between the presence of the animals and the efficiency of
total hydrocarbon degradation. A tendency for accumulation was observed for anthracene and benzo[a]
pyrene in conditions of soil polluted with petrol, and benzo[b]fluoranthene in engine oil-polluted soil,
which may indicate a significant contribution of H. rufipes in the natural biodegradation of oil derivatives.
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Introduction

Harpalus  rufipes Deg. beetles belong to the
dominants in the Carabidae groups in various habitats
[1-7]. At the same time, they are regarded as easily
adjusting to sites under strong anthropopressure [8].
Their role as predators and herbivores makes them an
important link in the food chain [9]. They have been

*e-mail: rrjgospo@cyf-kr.edu.pl

also analysed from the perspective of their use for
biomonitoring for the assessment of biodiversity [10].
Increasing consumption of petrochemical compounds
increases the risk of environmental hazard [11]. The
effect of pollutants on their first contact organisms is
still inadequately recognized. Research on the impact
of oil derivatives — petrol, used engine oil and diesel
fuel — applied to the soil at a dose of 6 000 mg of fuel
/ kg d.m. of soil on the occurrence of H. rufipes in the
open ground revealed that the activity of these species
representatives under conditions of soil polluted with oil
derivatives depends on the type of pollutant and on the
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time that passed from the moment of the soil pollution.
Petrol had the least negative effect (visible only for the
first four months after pollution), whereas the negative
effects of diesel and engine oil were observed even 14
months for the moment of pollution [12].

Terrestrial invertebrates, of which Carabidae are
a very numerous group, play a crucial role in the
matter of cycling, including the processes of organic
compounds breakdown. The animals’ influence on soil
pollutant content may result mainly from the ability to
accumulate toxic compounds in animal tissue, but also
from the presence of metabolic pathways allowing for
xenobiotic biotransformation [13-16]. The composition
of hydrocarbons accumulated in invertebrate bodies
depends on the species specificity [17, 18]. There is no
direct relationship between pollutant accumulation and
their toxicity. Therefore, the use of invertebrates both in
the processes of biological purification of contaminated
soil and for the assessment of environment quality
requires determining the degree of their sensitivity
to particular types of pollution, both on the specimen
and population level. Features such as survival or
reproduction rate are regarded as most sensitive
indicators of the degree of soil pollution with PAHs
for earthworms, Collembola or Gastropods. Moreover,
these animals reveal a higher sensitivity to the
mentioned pollutants than plants [19-24]. The available
literature lacks information about the influence of other
terrestrial invertebrate groups on the content of organic
pollutants in soil, or about the degree of their sensitivity
to pollutants and the level of harmful components of oil
derivatives accumulation, e.g. PAHs.

The presented research aimed at: a) investigating
the subsequent (within one year after the instance of
contamination) impact of oil-derivative pollutants in
soil on life parameters of H. rufipes, such as survival
rate, change in body mass and abilities to kill prey; b)
determining the influence of H. rufipes presence on
total content of oil derivatives in soil; c) assessing the
effect of oil derivatives in soil on the level of polycyclic
aromatic hydrocarbons accumulation in these animals’
bodies.

Material and Methods

The investigations were conducted at the
Experimental Station of the University of Agriculture
in Mydlniki near Krakow. In autumn 2009 indigenous
soil was placed in 1 m?® containers with maintained
natural layers arrangement. The containers were
then dug into the soil so that their upper area was on
the same level with the surrounding soil. The soil in
containers was left untouched for 8 months in order
to allow it to restore its natural biological efficiency.
Subsequently, in June 2010 the soil in containers
was polluted with the following oil derivatives: petrol
(BP Unleaded 95), diesel oil (BP Diesel Fuel) and
used engine oil (PLATINUM Classic Semisynthetic

10W-40, used for one year in a petrol engine) in the
amounts equal to 6 000 mg of fuel / kg d. m. of soil.
Four objects were identified: 1) Control — unpolluted
soil; 2) Soil with simulated petrol leak; 3) Soil with
simulated diesel oil leak; and 4) Soil with simulated used
engine oil leak. The whole experiment was conducted in
4 replications according to randomized block design. In
June 2011 (i.e., 12 months after soil contamination with
oil derivatives) Harpalus rufipes rearing was conducted
on the soil taken from individual containers. The animals
were obtained from the area close to the containers.
The rearing was conducted for 4 weeks under constant
conditions at 24°C in 1000 mL containers. 23 specimens
of both genders were transferred to each container with
300 g of analysed soil. The containers were covered
with gauze for better ventilation. Every week, 30 larvae
of Tenebrio molitor were supplied as food. Constant
soil moisture was maintained by its sprinkling with
distilled water. Each week of rearing, the number of
live specimens and their body mass were registered,
as well as the number of Tenebrio molitor larvae killed
by H. rufipes. The experiment was conducted in three
replications.

Analysis of PAH Content
in the Animal Material

In order to assess PAH content in the animal
material, c.a. 1.2-1.8 g of animal tissue was
homogenized in 10 mL of hexane with a supplement of
I mL of 1-methylchrysene in 50 pug/mL concentrations.
The hexane extract was obtained in 3 cycles of
homogenization (1 min, 10 000 rpm). After completion
of each homogenization cycle the filtrate was decanted
to a centrifugal glass tube and the remaining animal
tissue was treated with another dose of the solvent.
When homogenization was completed, the extracts
were centrifuged (3000 rpm; 4°C, 10 min) and then
transferred quantitatively to Erlenmeyer flasks. The
extraction thimbles were washed with hexane, which
was added to previously decanted extracts. The extracts
obtained in this way were then condensed until dry in
a vacuum evaporator and afterward the remains were
suspended in 1 mL of hexane.

The quantitative and qualitative analysis of
individual PAHs present in the hexane extracts obtained
from the animal material was conducted using a
Shimadzu GC-17A ver.3 gas chromatograph equipped
with Shimadzu QP-5000 mass spectrometer. Separations
were conducted in SLB-5ms capillary column (Supelco,
60 m x 0.25 mm x 0.25 pm). The following temperature
program was set for the column: 50°C (hold for
2 min), and 5°C/min up to 330°C (hold for 12 min).
The injector and linker temperatures were 335°C and
330°C, respectively. The total separation time was
70 min. Linear velocity of carrier gas (helium 5.0) was
25 cm/min. The 1 pL samples were dosed automatically
by means of Shimadzu AOCi-20 autoinjector using
splitless mode with 1 min sampling time. PAH
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detection was conducted as selected ion monitoring
(SIM) and the detector measured the intensity of
64 mass ions characteristic for individual aromatic
hydrocarbons. PAH identification was carried out on
the basis of retention times and mass spectra obtained
for the analytical standards of the analysed compounds
(Supelco EPA 525 PAH Mix A, cat. #48953-U), while
quantitative analysis was conducted on the basis of
calibration curves determined for individual polycyclic
aromatic hydrocarbons (0.5-50 pg/mL). GCMS-Solution
Ver.1.2 software (Shimadzu Corporation, Japan), which
was used for the analysis of obtained chromatographic
data.

Analysis of Oil Derivatives Content
in Soil

The content of oil derivatives in soil was determined
using the gravimetric method. Erlenmeyer flasks of
300 mL were dried in a thermostat at 105°C and then
cooled for 1 h in a desiccator. Afterward, the flasks
were weighed on an analytic balance with accuracy
to 1'10° g. The extraction was carried out using light
petroleum (petroleum benzine boiling range 40-60;
Sigma-Aldrich, Cat. #: 32299) in Soxhlet apparatus
of 150 mL. When the weighing was complete the
flasks were coupled with Soxhlet apparatus and reflux
condensers. Extraction thimbles containing previously
prepared soil samples (c.a. 10-11 g of soil treated with
18% hydrochloric acid and then dried in the presence
of calcinated anhydrous magnesium sulphate) were
transferred to Soxhlet apparatuses. The extraction
involving multiple rinsing of a soil sample with organic
solvent was conducted at 70-80°C for 6 h. After the
extraction ended, the samples were condensed until
the post-extraction residue formed on the bottom
of Erlenmeyer flasks. Subsequently, the flasks were
transferred to a thermostat and warmed at 105°C for
1.5 h in order to dry the post-extraction remains of
light petroleum residue. After that time the flasks
were removed to the desiccator and cooled for 1 h and
then weighed on an analytical balance. On the basis
of obtained results and determined soil dry mass, the
content of hydrocarbon compounds was assessed in 1 kg
of soil d. m.

The crucibles designed for dry mass assessment
were dried for c.a. 12 h at 105°C. On the day
the assessments were made, dried crucibles were
transferred to the desiccator, in which they were cooled
for 1 h. Subsequently, the crucibles were weighed on
an electronic balance with accuracy to 1:10° g. The
soil-dosed c.a. 10 g was transferred to the weighed
crucibles, which were again weighed. Next, the
crucibles were put in the thermostat for 5 h (105°C).
Afterward, the crucibles were cooled in the desiccator
for 1 h, then weighed and percentage dry mass content
was determined. The assessments were made in two
independent replications and the obtained final result is
their average value.

Statistical computations were made using the
Statistica 13.1 PL computer programme. ANOVA two-
way analysis was carried out. Means were diversified
using NIR Fisher test at significance level a = 0.05.

Results and Discussion

No significant decrease in survival rate of H. rufipes
beetles were observed during the rearing, either under
conditions of unpolluted soil or soil polluted with
petrol (Fig. la). Starting from the 3™ week of rearing,
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Fig. 1. Survival a) of Harpalus rufipes Deg. (%; 100% equals
63 animals provided at the beginning of the experiment in each
experimental group) and body mass gain b) of a single individual
of H. rufipes (%; 100% equals the body mass at the beginning
of the experiment in each experimental group) reared in soil
contaminated with petroleum products: unleaded petrol (P),
used engine oil (EO) and diesel oil (DF) during four weeks of
experiment; means marked with the same letters do not differ
significantly according to NIR test at a = 0.05; factors: weeks x
contamination, and the means presented in Fig. 1b) do not differ
significantly.
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Fig. 2. Number of 7. molitor larvae killed by one Harpalus
rufipes Deg. reared in soil contaminated with petroleum
products: unleaded petrol (P), used engine oil (EO) and diesel
oil (DF) during four weeks of experiment; means marked with
the same letters do not differ significantly according to NIR test
at o= 0.05; factors: weeks x contamination.

a significantly lower survival rate characterized beetles
cultured in the presence of soil contaminated with used
engine oil. About 10% of the specimens died at that time,
whereas after four weeks already about 16%. Diesel
oil affected beetle survival rate even more negatively.

Significant negative effect was discernible already
after 2 weeks of rearing (lethality on the level of 10%).
In the 3™ and 4% weeks, respectively, about 14 and
19% H. rufipes beetles died. In the experiment
conducted the previous year similar results were noted
two months after oil derivatives were poured on the soil
[25]. In the same experiment from among the analysed
substances, diesel fuel most negatively also affected
beetle survival rate (only 25 out of 36 specimens
survived after 4 weeks of rearing). Lighter mixtures
of oil derivatives were generally associated with lower
ranges of toxic effects than heavier crude oil [26]. Still,
in invertebrates the effect depends not only on the
amount or composition of the mixture, but also on the
species. A diversification in Drosophila melanogaster
development exposed to benzene, toluene or xylene
was demonstrated depending on a single or in mixture
application of these substances [27]. Exceptional
toxicity of diesel oil for invertebrates was also
evidenced in other experiments [28-30]. The presence
of this pollutant caused f. ex. incapacity to procreate
in collembola regardless of the dose applied in the soil
(5, 50 and 100 ml / kg of soil) [30]. Oil derivatives’
effect on survival rate and growth of invertebrates is
usually connected with the method of their feeding.
Research conducted by Lee et al. [31] revealed that,
concerning the above-mentioned parameters, Viviparus
georgianus snail proved to be more sensitive than
Pseudosuccinea columella, the first being a detrivore
assimilating contaminants from the sediments, while
P. columella is a herbivore that does not directly
assimilate contaminants. Therefore, H. rufipes beetles

Table 1. Concentrations of selected PAHs in bodies of Harpalus rufipes Deg. (ug/g of animal material) during exposure to various
hydrocarbon compounds: 2 — after 2 weeks of experiment, 4 — after 4 weeks of experiment, P — soil contaminated with petrol, DF — soil
contaminated with diesel fuel, EO — soil contaminated with engine oil; nd — not detected; presented results are average values of two

independent repetitions with the calculated standard deviation.

Petrol Diesel Fuel Engine Oil
2 4 2 4 2 4
Acenaphthylene nd 0.32+0.06 | 0.29+0.03° 0.114+0.04* nd 0.01£0.003¢
Fluorene 0.15+0.01¢ | 0.10+0.02° | 0.01+0.005* | 0.02+0.007* nd nd
Phenanthrene 0.13+0.01" | 0.06+0.01* | 0.20+0.03 | 0.09+0.02® | 0.07+0.02® | 0.154+0.05%
Anthracene 0.24+0.04> | 0.51£0.05¢ | 0.14+0.02¢ 0.15+0.02° nd 0.08+0.01°
Pyrene nd nd 1.55+0.31° nd 0.27+0.04 nd
Benz[a]anthracene nd 0.08+0.01° nd 0.11+0.02¢ 0.024+0.004* | 0.02+0.004*
Chrysene nd 0.14+0.01° nd 0.03+0.01° nd 0.12+0.01°
Benzo[b]fluoranthene nd 0.48+0.08° nd nd 0.26+0.06° 0.68+0.14¢
Benzo[k]fluoranthene nd 0.08+0.01 nd nd nd nd
Benzo[a]pyrene 0.11+0.02* | 0.89+0.09° nd nd nd nd
Dibenzo[a.h]anthracene nd 0.14+0.02 nd nd nd nd
Benzo[ghi]perylene nd 0.04+0.01 nd nd nd nd

*Means in lines marked with the same letters do not differ significantly according to NIR test at o = 0.05.
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while feeding on 7. molitor larvae were little susceptible
to foodborne toxicity. However, they were often
observed burrying themselves in the soil, which exposed
them to contact with petroleum compounds through
integuments. There is a considerable diversification in
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the response to oil derivatives depending on animal
species and age [32, 33]. Considering their survival
rate, adult earthworms are much more resistant to oil
derivatives than their juvenile forms or Collembola.
EC50 values expressed as a percentage of contaminated
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Fig. 3. Level of total petroleum hydrocarbons in soil contaminated with petrol a), diesel fuel b) and engine oil c). P + animals — petrol
contaminated soil with animals; P - petrol contaminated soil without animals; DF + animals — diesel fuel contaminated soil with
animals; DF - diesel fuel contaminated soil without animals; EO + animals — engine oil contaminated soil with animals; EO - engine oil
contaminated soil without animals; Control — uncontaminated soil without Harpalus rufipes Deg. Presented results are average values
of two independent repetitions with the calculated standard deviation. Means marked with the same letters do not differ significantly
according to NIR test at a=0.05. Factors: weeks x contamination. The means presented on the figure a) do not differ significantly.
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soil in ISO soil test medium (weight per weight — w/w)
for survival of Collembola in a 28-day test was 11%, for
juvenile earthworms — 28% and for adult earthworms
74% [19]. This was also confirmed by the research of
Wang et al. [34].

Beetles reared in conditions of control soil and
soil contaminated with petrol and engine oil did
not reveal any marked changes in their body mass
during the rearing (Fig. 1b). A slight increase of body
mass was observed in beetles cultured on the soil
contaminated with diesel oil after 3 weeks of rearing,
but still the difference in comparison to the control
was statistically insignificant. Although in previous
investigations these beetles were also characterized
by a slightly bigger body mass by the end of a 4-week
rearing on soil contaminated with diesel oil than at the
beginning, the differences were not statistically proven
[25]. It is possible that smaller specimens died first.
However, this thesis is impossible to prove because
during weekly weighing dead specimens were usually
found bearing traces of gnawing by live specimens,
so it was difficult to determine the precise body mass
of dead specimens. The other explanation may be the
activation of a defensive mechanism to eliminate the
toxic effect of diesel fuel associated with the increased
food requirement. Increases in average body mass of
specimens exposed to diesel oil was correlated with
the increase in average number of killed prey (Fig. 2).
In the author’s previous investigations diesel fuel doses
of 3 000 mg of fuel / kg of soil stimulated an increase
in isopoda body mass but did not affect their survival
rate, which might confirm the second hypothesis [35].
Generally it is thought that body mass changes are not
suitable biomarkers of petroleum product contamination
[25].

The average number of Tenebrio molitor larvae
killed by a single H. rufipes beetle was increasing in
conditions of diesel fuel-contaminated soils, whereas it
did not change under the influence of soil contamination
with petrol and engine oil (Fig. 2). However, it should be
mentioned that not all killed prey were consumed.

Results of the analysis of polycyclic aromatic
hydrocarbon content in animal material samples were
compiled in Table 1. In the case of petrol-contaminated
soil the highest PAH values were registered in the 4
week of the experiment. Simultaneously, increases
in anthracene content from 0.24 in the second week to
0.51 pg xenobiotic / g sample wet mass in the fourth week
were registered. A similar increase was observed for
benzo[a]pyrene (in concentrations of 0.11 and 0.89 pg/g
wet mass), which may point to the accumulation of these
compounds in H. rufipes bodies. The highest content
of PAHs was noted for benzo[a]pyrene — 0.89 pg/g wet
mass. Fig. 3a) shows a change in total hydrocarbons
in soil samples treated with petrol. No increase in the
efficiency of hydrocarbon degradation in the presence
of H. rufipes was observed. In soil contaminated with
diesel fuel, pyrene was the hydrocarbon of highest
registered concentration, which after 2 weeks reached

the level of 1.55 pg/g wet mass. However, its presence
was not registered in the 4" week of the test duration,
which may evidence its detoxication by H. rufipes.
Despite expected pyrene degradation, chromatographic
analyses did not reveal its main intermediate
compounds, i. e., 1-hydroxypyrene and its derivatives:
pyrene-1-glucoside or pyrene-1-sulfate forming during
this hydrocarbon biodegradation conducted by Porcellio
scaber and Oniscus asselus [16]. Fig. 3b) presents the
change in oil derivative concentrations in the soil
contaminated with diesel fuel. No correlation between
the depletion in total oil derivatives and the presence
of analysed animals was observed in this variant. In
soil polluted with engine oil, both in the 2" and 4"
week of the experiment we noted increased levels of
benzo[b]fluoranthene (0.26 and 0.68 pg/g wet mass,
respectively). The hydrocarbon level measured for the
sample in the 4" week of the experiment may indicate
that this compound is not metabolized and accumulates
in beetle organism. Fig. 3c) presents the change in total
hydrocarbons in the soil treated with engine oil. No
correlation was determined between H. rufipes presence
and a change in total hydrocarbon content in the soil.
It should be emphasized, however, that the rearing lasted
only 1 month. For comparison, earthworms (organisms
very effective in biopurification) need up to 12 weeks
for biodegradation of TPH in soil contaminated with
crude oil at 27.64% [36]. The observed tendencies to
accumulate some PAHs may testify to the positive role
of H. rufipes in the natural biodegradation of petroleum-
based pollution. Especially that in the experiment we
did not deal with dietary exposure, which is considered
to be a major pathway for PAH accumulation [37].

Conclusions

1. Even within one year after the instance of
contamination, Harpalus rufipes Deg. reveals
sensitivity to the presence in its vicinity of engine
oil and diesel fuel, visible as decreased survival rate.
This indicates the high sensitivity of this species to
the presence of oil derivatives in the soil and potential
usefulness as a bioindicator of this type of pollution.

2. Petrol does not affect the beetle condition. All
the analysed types of oil derivatives also did not
negatively affect the beetle body mass gain and
abilities to kill prey.

3. Short-term experiments did not reveal any
dependence between the presence of the animals and
efficiency of total hydrocarbon degradation.

4. Although possible degradation of pyrene was found,
no intermediates formed during the biotransformation
reaction of this hydrocarbon were identified.

5. A tendency for accumulation was observed for
anthracene and benzo[a]pyrene in conditions of
soil polluted with petrol, and benzo[b]fluoranthene
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in engine oil-polluted soil, which may indicate a
significant contribution of H. rufipes in the natural
biodegradation of oil derivatives.
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