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Metal and metalloid bioaccumulation in three centipedes (Chilopoda)
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Abstract: Three centipede species (Clinopodes flavidus, Cryptops anomalans and Eupolybothrus transsylvanicus) were used
as bioindicators of trace metal and metalloid pollution in Belgrade, Serbia. The concentrations of 13 elements (the metals
Mn, Co, Ni, Cu, Zn, Rb, Sr, Cd, T1, Pb and U and metalloids As, Se) in whole animals and soil were measured by inductively
coupled plasma mass spectrometry (ICP-MS). Differences in the concentrations of some elements in the analyzed species
were observed, both in response to the sites and between species. In most cases, the trace element concentrations were
higher in centipedes from a polluted site (an industrial area near a busy street with heavy traffic) but C. anomalans and E.
transsylvanicus had higher Mn concentrations at an unpolluted site (a deciduous woodland on Mt. Avala). C. flavidus was
a good bioindicator for detecting differences between Zn, Se and Cd. C. flavidus and C. anomalans were more efficient in
accumulating Zn than E. transsylvanicus. It appears that C. anomalans poorly accumulated Cd, unlike C. flavidus and E.
transsylvanicus, which accumulated Cd according to the high bioaccumulation factor (BAF) values. We conclude that the
centipedes C. flavidus, C. anomalans and E. transsylvanicus can be used as suitable bioindicators of trace element exposure.
Their ability to accumulate trace elements was different and depends on their physiology and lifestyle as well as the route
of exposure.
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INTRODUCTION invertebrates are often used as indicators of pollutant
levels [5-20]. They exhibit differences in the response
to trace element exposure due to their physiology,
feeding habits, mobility and microhabitat preferences.
For example, earthworms are less mobile and con-
sume a mixture of soil and detritus while isopods and
millipedes are more active and feed mainly on plant
detritus. An additional effect of elements in soil fauna
is the potential for the bioconcentration of elements
up the food chain. Soil organisms are a primary food
source for many invertebrate and vertebrate predators,
and thus in heavily contaminated areas, there is an
increased risk of secondary poisoning [4].

Due to its negative impact on health, the environment
in urban areas has become the subject of intense in-
terest. Elements, such as copper (Cu) and zinc (Zn),
are nutritionally essential elements at low levels but
toxic at higher levels, while other elements, such as
lead (Pb), cadmium (Cd) and mercury (Hg), have
no known biological functions. They originate from
many different sources, including vehicle emissions,
industrial discharges and other activities [1-4].

Besides human exposure, the accumulation of
trace elements in urban soils can also affect soil fauna
and the animals that feed on these organisms. Soil
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The bioaccumulation of trace elements in animals
has often been expressed by the bioaccumulation
factor (BAF), which is the ratio between the concen-
tration of elements in the organism to their concen-
tration in the soil. This factor is a good measure of
bioaccumulation in ecosystems in which an organism
lives from the beginning of its life to the moment of
investigation [21].

Centipedes (Chilopoda) are predatory soil inhab-
itants that avoid light and show a distinct preference
for moist microhabitats. Generally, they spend the day
under stones, bark and leaf litter or inside the soil,
coming out to hunt at night. Although frequently oc-
curring in woodlands, some centipedes are common
in gardens in suburban and even urban localities [22-
26]. As predators, Chilopoda feed predominantly on
living animals. However, there are numerous refer-
ences that vegetable food is not disdained (indeed it
can even be essential). Centipedes can endure long
periods of hunger (up to 6 months). Differences in
food spectra exist between different species as well
as different stadia within one species, depending on
the body size. Geophilomorpha inhabit deeper soil
layers, preferring slow but relatively large prey (e.g.,
Lumbricidae, larvae of Diptera), whereas the more
surface-active Lithobiomorpha feed on small, more
active forms (e.g., Collembola) [27].

In the present study, we compared the content of
thirteen elements (Mn, Co, Ni, Cu, Zn, As, Se, Rb, Sr,
Cd, T1, Pb and U) in the whole bodies of three cen-
tipede species, Clinopodes flavidus, Cryptops anoma-
lans and Eupolybothrus transsylvanicus, and in soil
collected from urban and rural sites in Belgrade and
calculated the bioaccumulation factors (BAF) to de-
termine which elements accumulate in the body of
these myriapods.

MATERIALS AND METHODS

Study area and sampling of centipedes and
substrate

Belgrade, the capital of the Republic of Serbia, has
a population of about 1.6 million. Adults of three
centipede species, C. flavidus, C. anomalans and
E. transsylvanicus, were sampled by hand at two
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sites (Supplementary Fig. S1) as follows: the Old
Industrial Area (OIA) near a busy street with heavy
traffic (44°49°3.183”N; 20°29°1.029”E), and a de-
ciduous woodland on Mountain Avala (MA), 18 km
southeast of the center of Belgrade (44°41°37.547”N;
20°30°24.097”E). Most of the animals were found to
inhabit moist places under stones, decaying leaf litter,
or woodpiles. To exclude seasonal factors, the sam-
pling period was restricted to several days in October
2019. At both sites, specified number of individuals of
each species (C. flavidus: n=8 at MA, n=16 at OIA; C.
anomalans: n=7 at MA, n=9 at OIA; E. transsylvanicus:
n=11 at MA, n=7 at OIA) were placed in numbered
Petri dishes with a small amount of soil (one animal
per dish). The body lengths of C. flavidus, C. anoma-
lans and E. transsylvanicus were 50-65 mm, 25-50 mm
and 28-50 mm, respectively. The soil was collected
from the top 10 cm layer after removing surface veg-
etation from several holes made in the ground near
the place where the animals were found.

Preparation of samples and element analysis

In the laboratory, all samples were thoroughly rinsed
with distilled water and placed in Petri dishes with
one Whatman No. 1 filter paper and a few drops
of distilled water to maintain moisture. Specimens
were kept at 14°C for 7 days and the filter paper was
changed daily to allow for the complete evacuation
of the gut contents. The centipedes were then killed
by freezing. Element concentrations in the body were
determined after purging of their guts to ensure that
the actual concentrations in their tissues were meas-
ured. The whole animal (with an approximate body
length of 50 mm and weight of 1 g) was dissected and
then separated from the macerated mass to measure
the concentration of elements.

The concentrations of 13 elements (Mn, Co, Ni,
Cu, Zn, As, Se, Rb, Sr, Cd, TI, Pb and U) were deter-
mined by inductively coupled plasma mass spectrom-
etry, ICP-MS (ICAP Qc; Thermo Scientific X series
2, Waltham, MA, USA). After collection, the lengths
and weights of the animals were measured. Tissue
samples were transferred into microwave cuvettes
and decomposition was performed using the ETHOS
1 Microwave System (Milestone, Italy). Four mL of
high-grade 65% nitric acid and 1 mL of 30% hydrogen
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peroxide (Merck, Darmstadt, Germany) were added to
each cuvette and microwave digestion was performed
as follows: warm-up for 3 min to 85°C, 5 min to 135°C
and 15 min to 180°C. After cooling, the samples were
quantitatively transferred into a volumetric flask (25
mL) and diluted with ultrapure water (Milli Q plus
system, Merck, Germany).

After removing pebbles and grass, soil was sam-
pled at a depth of roughly 4 cm using plastic spoons.
All soil samples were transported in plastic contain-
ers to the laboratory where they were homogenized
and dried. About 0.5 g of soil per sample was meas-
ured and digested in aqua regia (concentrated HCl
and HNO, in a 1:3 milliliter ratio). Following 12 h of
digestion at 90°C, the samples were filtered through
Whatman paper (no. 42), then through HPLC filters
(pore size 0.45 umL), and finally diluted to 500 mL
with ultrapure water. For method validation, certi-
fied reference material of soil (SRM 2710a, NIST) was
used. All element contents were checked by applying
the standard addition recovery (R) experiment. The
R-value ranged from 82-126%. The optimal conditions
for ICP-MS are provided in Supplementary Table S1.

Bioaccumulation factor (BAF)

BAFs are considered a simple tool to estimate the bio-
accumulation of contaminants in a particular organ-
ism in a specific medium. The most used formula for
calculating the BAF is as follows:

Csubstance in the organism

BAF = BAF =

ey

where C is the concentration and can be expressed in
mass unit per mass or volume unit [21].

Csubstance in the soil

Statistical analysis

The data are expressed as the mean+SE (standard
error). Before testing, all data were checked for nor-
mality and homogeneity using Shapiro-WilK’s statistic
test to meet statistical demands. One-way analysis of
variance (ANOVA) was performed to determine all
interactive effects between the species and localities.
When an interactive effect was observed, Tukey’s hon-
est significant difference (HSD) post-hoc test was used
to obtain significant differences among the means. A
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minimum significance level of P<0.05 was accepted
for all cases. Additionally, a discriminant function
analysis was run to detect the variables that signifi-
cantly contributed to differences in element con-
centrations in the examined species at the two sites.
Statistical analysis was performed using STATISTICA
10.0 software.

RESULTS

Table 1 presents the concentrations of selected ele-
ments in the whole bodies of three centipede spe-
cies C. flavidus, C. anomalans and E. transsylvanicus
from MA and OIA (Table 1A), and in the soil at the
same sites (Table 1B). Statistically significant differ-
ences in trace element concentrations in C. flavidus
between MA and OIA were obtained for the follow-
ing elements: Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, TI,
Pb and U. The results show lower concentrations of
all elements in C. flavidus from MA than from OIA
(P<0.05). In C. anomalans, significantly higher con-
centrations of Ni, As, Se Rb, Sr, Cd, Pb and U were
observed at OIA. In E. transsylvanicus, we detected
increased concentrations of Co, Ni, Cu, Zn, Se, Sr,
Cd, T1, Pb and U at OIA. If the concentration of a
given element in the body of an organism was higher
than in the soil (BAF>1), then this signifies bioac-
cumulation. We observed that the concentrations of
trace elements in centipedes were higher at OIA, the
locality that is under great anthropogenic pressure
because of heavy traffic and high air pollution. Soil
from OIA contained significantly higher Mn, Nj, Cu,
7Zn, Sr, Cd and Pb concentrations than soil from MA,
while the concentrations of other elements did not
differ significantly (Table 1B).

Differences in element concentrations between
these three species from the same site (Table 1A) were
detected. The differences are represented as follows by
letters: a — C. flavidus vs. C. anomalans; b - C. flavidus
vs. E. tmnssylvanicus; ¢ — C. anomalans vs. E. trans-
sylvanicus. Thus, there were significant differences in
the concentrations of Mn, Cu, Zn, As, Sr, Cd and Tl
in C. flavidus compared to C. anomalans at MA. At
the same site, the trace element concentrations of E.
transsylvanicus show significant differences compared
to the other two species for Co, Zn, Rb, Sr, Cd and U.
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Table 1. Concentrations (ug/g) of selected elements (A) in three centipede species (C. flavidus, C. anomalans, and E. transsylvanicus)

and soil (B) at sites MA and OIA.

A

Element concentration C. flavidus C. anomalans E. transsylvanicus
(mean=SE) (ug/g) MA OIA OIA MA OIA

Mn 7.33+0.54 9.11+1.66 6.98+1.84* 6.49+0.96 8.80+0.86¢ 8.77+1.51
Co 0.71+0.31 0.85+0.12% 0.28+0.06 0.45+0.07* 0.14+0.02 0.28+0.04%b¢
Ni 0.31+0.05 1.19+0.19% 0.63+0.18 0.82+0.18% 0.50+0.07° 0.81+0.25%
Cu 12.01+2.83 28.01+5.40* 38.56%6.85" 42.81+8.69 19.95%3.62°¢ 35.23+8.63%
Zn 140.29+7.69 | 223.42+22.02* | 262.35+55.86* | 375.25+61.63* 63.54+2.41 " 169.21£36.97* ¢
As 1.21+0.20 1.93£0.20% 0.78+0.06* 1.32+0.27* 1.00+0.18¢ 1.20+0.43

Se 0.82+0.24 2.83+0.96* 0.47+0.03 1.05£0.15%* 0.40£0.05 0.79+0.12%"
Rb 0.74+0.06 2.44+0.31* 0.64+0.03 1.52+0.15*® 1.35+0.06 " 1.38+0.15°
Sr 1.09+0.09 4.57+0.74* 0.65+0.04* 1.86+0.20* 1.2940.13% 2.26+0.37*
Cd 1.34+0.16 5.74+0.80* 0.28+0.03* 0.34+0.08** 0.53+0.20° 3.31+1.19*®
Tl 0.02+0.002 0.04+0.006* 0.004+0.0002* | 0.004+0.0005* 0.002+0.0002° 0.02+0.006* b
Pb 0.19+0.03 0.86+0.17* 0.70+0.05 0.80+0.06* 0.16+0.02 0.48+0.09% ¢
U 0.003+0.0003 | 0.02+0.001* 0.002+0.0006 | 0.005+0.0006** | 0.0007+0.0001% | 0.003+0.0007***

MA - Mountain Avala; OIA - Old Industrial Area; the values are given as the mean=SE, the level of statistical significance was defined as P<0.05. A
statistically significant difference between the element concentration in one centipede species at two different sites is marked with an asterisk (*), and
significant differences between three centipede species at the same site: a — C. flavidus vs. C. anomalans; b — C. flavidus vs. E. transsylvanicus; ¢ — C.

anomalans vs. E. transsylvanicus.

B

Element concentration in

soil (mean*SE) (ug/g) MA OIA

Mn 811.97+40.22 | 2730.81+88.33*
Co 11.32+0.44 13.49+0.56
Ni 40.80+9.32 72.28+13.70*
Cu 22.10+£5.41 56.58+10.70*
Zn 85.53+18.33 372.01+£62.23%
As 23.37+6.80 23.45+5.74
Se 0.66+0.04 0.64+0.05
Rb 22.69+4.42 30.88+7.42
Sr 29.13+6.72 76.86+16.34*
Cd 0.47+0.02 0.66+0.03*
Tl 0.11£0.03 0.11+0.02
Pb 41.55+7.23 108.66+8.54*
U 0.51+0.06 0.57+0.04

At site OIA, C. flavidus differed from C. anoma-
lans in the following trace elements: Co, Zn, Se, Rb,
Cd, Tl and U, while in relation to E. transsylvanicus,
significant differences were observed for the concen-
trations of Co, T1, Pb and U. In organisms collected
at this site, there were also significant differences in
the concentrations of Se, Rb and Cd between C. fla-
vidus and E. transsylvanicus. There were significant
intraspecific differences in the two localities, but also
interspecific differences within one locality, so these
centipedes accumulated different amounts of trace
elements from their environment. According to our

results, it seems that C. flavidus is suitable for detect-
ing differences in Zn, Se and Cd. C. flavidus and C.
anomalans are more efficient in accumulating Zn than
E. transsylvanicus. On the other hand, C. anomalans
seems to be poor in accumulating Cd, unlike C. fla-
vidus and E. transsylvanicus which accumulate Cd in
high concentrations (high BAF values). According
to this study, C. anomalans seems to be suitable for
determining differences in Cu, Zn and Se. This scolo-
pendromorph also accumulated higher concentrations
of Zn than other centipede species at the other site. It
seems that C. anomalans are either inefficient in ac-
cumulating Cd or efficient in eliminating it.

In the present study, the BAF values of measured
elements were determined and compared in these spe-
cies (Table 2). Of the 13 elements, only four had BAF
values higher than one, as follows: Cd>Se>Zn>Cu.
The results of the BAF values calculated for Cd in C.
flavidus and E. transsylvanicus were greater than one,
which indicates that bioaccumulation occurred. Only
in C. anomalans was the BAF less than one, indicating
that there was no bioaccumulation in this instance.
When the BAF was between 0<BAF<1 there was no
bioaccumulation. In other words, the concentration of
a given element in the body of an organism was lower
than in the soil. The results of BAF estimation for Cd
(Table 2) indicated bioaccumulation at both sites in
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C. flavidus (the highest BAF value was 8.7 at OIA). In
E. transsylvanicus, Cd bioaccumulation was recorded
at OIA, while bioindication or a BAF of about 1 was
present in the tested specimens from MA.

Table 2. Bioaccumulation factor (BAF) calculations in three centi-
pede species (C. flavidus, C. anomalans, and E. transsylvanicus) at
Mountain Avala (MA) and the Old Industrial Area (OIA).
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concentration in the soil, and such organisms can be
treated as bioindicators of the element in similar en-
vironments. In the case of C. flavidus, the BAF was
about 1 (BAF=1.24) for Se at MA, and for E. trans-
sylvanicus at OIA, BAF=1.23).

Canonical discriminant analysis (Fig. 1) clearly
shows that all the studied centipede groups can be
used as indicators of trace element pollution. In ad-

dition, element concentrations can be used to classify
centipedes into groups. Using discriminant analysis,

we showed that the centipede groups are well dis-
criminated. We first showed how well the first two ca-

nonical discriminant functions separate the centipede

groups at MA (Fig. 1A) and OIA (Fig. 1B). The vari-

ables that separated the examined centipedes were Se,

Rb, S, Tl and Pb at MA (Fig. 1A), and Cu, Zn, Pb and

U at OIA (Fig. 1B). It can be seen that discriminant

functions separate the centipedes into groups almost

perfectly in a more polluted locality such as OIA, in

contrast to MA, where we found greater similarities

BAF C. flavidus C. anomalans | E. transsylvanicus
MA OIA MA OIA MA OIA
Mn 0.009 | 0.003 | 0.009 | 0.002 0.01 0.003
Co 0.06 0.06 0.02 0.03 0.01 0.02
Ni 0.007 0.02 0.02 0.01 0.01 0.01
Cu 0.54 0.5 1.74 0.8 0.9 0.62
Zn 1.64 0.6 3.07 1.00 0.7 0.45
As 0.05 0.08 0.03 0.06 0.04 0.05
Se 1.24 4.42 0.7 1.64 0.6 1.23
Rb 0.03 0.08 0.03 0.05 0.06 0.04
Sr 0.04 0.06 0.02 0.02 0.04 0.03
Cd 2.85 8.70 0.6 0.51 1.13 5.02
Tl 0.2 0.4 0.04 0.04 0.02 0.2
Pb 0.005 | 0.008 0.02 0.007 | 0.004 | 0.004
U 0.005 0.04 0.002 0.1 0.001 0.005

between the tested element concentrations, with over-

BAF values greater than one are presented in bold. BAF values were
calculated according to equation (1).

The BAF results for Zn displayed the highest val-
ues in C. anomalans at MA (BAF=3.07). At the site
OIA, BAF=1 indicated that this species is a bioindi-
cator for this element. The concentration of a given
element in the body of an organism was equal to the

laps between the three centipede species.

DISCUSSION

During movement through the soil, centipedes and
other soil-dwelling invertebrates encounter and inter-
act with only a specific portion of an environmentally

B
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Root 1 vs. Root 2
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o Clinopodes flavidus
o Cryptops anomalans
< Eupolybothrus transsylvanicus

Fig. 1. Canonical discriminant analysis of trace element concentrations in three centipede species (C. flavidus, C. anomalans and E.
transsylvanicus) at Mountain Avala (A) and the Old Industrial Area (B).
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available chemical. Interaction could be through ei-
ther direct dermal contact with chemicals in the soil
solution or ingestion of food (living animals and
sometimes vegetable food), and it is dependent on
the physiology and behavior of these species as well as
the route of exposure [28]. The bioavailable fraction
of the chemical may be absorbed across the external
membranes of the centipedes (e.g., the gastrointes-
tinal tract). After uptake, a portion of elements can
be excreted, while other fractions can be distributed
and accumulated in different subcellular compart-
ments within the body of animals [29]. Detoxification
systems such as metallothioneins and antioxidant
enzymes can detoxify a certain fraction of trace ele-
ments and thus reduce their toxic effects. There are
several methods for measuring element exposure.
Bioaccumulation is a direct biological measure of the
bioavailability of elements because it measures the ac-
tual amount of element taken in by centipedes.

Element bioaccumulation can be defined as the
net accumulation of a element in a whole organism
or a tissue of interest that results from exposure to all
relevant element sources (e.g., water, food and sedi-
ment). A wider definition of bioaccumulation was
also proposed; namely, that bioaccumulation is any
case where the concentration of an element/substance
increases in an organism during its growth [30-31].
When the concentration of an element in an organism
is higher than in the natural matrix, the BAF assumes
values greater than 1, which means that bioaccumu-
lation has occurred. The concentrations of Cd in the
bodies of C. flavidus and E. transsylvanicus (high BAF
values) show that this element has accumulated from
the soil, especially at the more polluted site (Table 2).

It was shown that the centipede Lithobius variega-
tus accumulates heavy elements such as Zn, Cd, Pb
and Cu [5-7]. Specimens from both the uncontami-
nated deciduous woodlands and the two sites close to
smelting works contained large amounts of Zn, which
were stored primarily in the fat body and tissues as-
sociated with the exoskeleton. Cd, Pb and Cu were
present in much smaller amounts than Zn and were
found mostly in the midgut. Concentrations of Cu
were much higher in the midguts of centipedes near
the smelting works than in animals from the isolated
rural woodlands. In contrast, the levels of Zn, Cd and
Pb in L. variegatus showed little correlation with the
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degree of contamination of the site from which they
were collected [5].

If the BAF is less than one, it indicates that ac-
cumulation in the organism is lower than that of the
medium from which the xenobiotic was taken, and
the organism can be considered an excluder. A spe-
cial case is where BAF=1. In this case, the concentra-
tion of an element in the organism corresponds to
the concentration in its environment. This situation
can be referred to as bioindication, and organisms
that show this tendency can be called bioindicators
[32-33]. For the species C. anomalans at the OIA site,
BAF=1 for Zn, which revealed that this species is a
bioindicator for the mentioned element. In the case
of C. flavidus, the BAF is about 1 (BAF=1.24) for Se at
MA and for E. transsylvanicus at OIA (BAF=1.23), and
for Cd (BAF=1.13) at MA. All analyzed centipedes
showed the ability to bioaccumulate Se (especially C.
flavidus at OIA; BAF=4.42) and Zn (C. flavidus and
C. anomalans at MA). This phenomenon is unusual
and significant because it is known that in Serbia, the
soil and food are poor in these two elements [34-35].

In some organisms, this dependence can exist in a
wide range of element concentrations and can be used
for environmental monitoring. Examples of such or-
ganisms used for the biomonitoring of radionuclides,
toxic heavy elements and pesticides are freshwater
mussels and phytoplankton, bees, earthworms and li-
chens [33], fungi [36] and small soil invertebrates [37].
Isopods [38], nematodes [39] and collembolans [40]
are established models of soil ecotoxicology. Element
bioaccumulation in different arthropod groups was
also investigated [13]. Diplopoda and Isopoda bioac-
cumulated Cu and Zn significantly; Pb concentrations
were extremely high in Isopoda and Collembola, in-
termediate in Diplopoda and low in Chilopoda and
Coleoptera.

The results of the BAF for Cd pointed to bioaccu-
mulation at both sites in C. flavidus (with the highest
BAF value of 8.7 at OIA). In E. transsylvanicus, the
bioaccumulation of Cd was present at OIA. The choice
between burrowing- (C. flavidus), intermediate- (C.
anomalans) and running life-forms (E. transsylvani-
cus) could have produced significant differences, es-
pecially for Cd bioaccumulation, which is not related
to the Cd contamination in the soil. Acclimation of
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soil organisms to Cd levels that exceed background
concentrations may result in the development of Cd-
tolerance mechanisms and allow for the accumula-
tion of Cd with minimum adverse effects. Millipedes
have been shown to accumulate Cd [7, 41], which is
comparable to the Cd content in Glomeris hexasticha
and in Ommatoiulus sabulosus [42].

The different element accumulation strategies of
soil invertebrates are a consequence of diverse detoxi-
fication mechanisms [43]. Diplopods possess effective
mechanisms to bind and detoxify potentially toxic ele-
ments in tissues [44]. It was shown [45] that element
pollution is not a dominating factor determining the
species richness and densities of the selected detriti-
vore group that consisted of isopods, millipedes and
earthworms. According to the authors, an explanation
for the absence of negative effects of heavy elements
is the combination of low element bioavailability in
the soil, development of resistance to element pollu-
tion and the presence of confounding factors, such
as variation in organic matter content and flooding.
Even though the number of diplopod species may be
affected by high amounts of element contamination,
some species will develop strategies that minimize the
effects of these substances on their survival. These
strategies may include a decrease in food intake, a
decrease in nutrient assimilation, or both [16].

CONCLUSION

The results of this study showed that differences in
the distribution of some trace elements between two
sites due to differences in the degree of environmental
pollution were clearly reflected by the measured values
in C. flavidus, C. anomalans and E. transsylvanicus.
The present study is the first report where elements
were measured in these three centipede species, as
well as their ability to bioaccumulate or bioindicate.
The trace element concentrations were higher in cen-
tipedes from the polluted site but C. anomalans and
E. transsylvanicus had higher Mn concentrations at
the unpolluted site. C. flavidus was a good bioindi-
cator for distinguishing between differences in Zn,
Se and Cd. C. flavidus and C. anomalans were more
efficient in accumulating Zn than E. transsylvanicus.
Cryptops anomalans poorly accumulated Cd, unlike
C. flavidus and E. transsylvanicus, which exhibited a
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propensity for high accumulation of Cd. Their ability
to accumulate elements is different, and it depends
on their physiology and lifestyle as well as the route
of exposure.
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