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Abstract In this study, data on several metals (Cd, Zn,

Cu, Ni and Pb) in soil and carabids Chlaenius (Chlae-

niellus) olivieri sampled from northeastern Tunisia were

presented. Samples were taken at six sites S1, S2, S3, S4,

S5 and S6 alongside Kantra River close to three jeans

fading industries: Lee Cooper, Denim authority and CRJ.

Elemental compositions were assessed through the esti-

mation of geochemical accumulation indices, pollution

load index, the contamination factor and bioaccumulation

factor (BAF), determined to reveal any potential toxic

effects on biota. Significant enrichment of the soil with Cd,

Zn, Cu, Ni and Pb was observed in all considered sites and

shows a veritable metallic polluted state. The highest

concentrations of metals recorded in soil were found at S1.

In addition, negative correlation was observed between

concentrations of heavy metals in the soil and the species.

The BAF values show that C. olivieri is a macro-concen-

trator for Cd and a micro-concentrator for Zn. The finding

provides a rich dataset of metals in several biotas and had

operational significance for coexistence of heavy metals in

both soil and ground beetles. C. olivieri can be used as a

bioindicator in monitoring metals pollution of terrestrial

ecosystem. Results can be useful for mitigating the impact

of metallic pollution on environmental health and required

strategies to prevent such effect.

Keywords Heavy metals � Chlaenius (Chlaeniellus)
olivieri � Soil pollution indices � Accumulation �
Monitoring

Introduction

Anthropogenic metallic pollution is a worldwide threat,

mainly due to urbanization and the frequently surrounding

industries (Boldina-Cosqueric et al. 2010). Unlike other

contaminants, metals are non-degradable and persisting in

the environments with potential bioaccumulation and

biomagnifications into the food chain (Kontas 2007). They

pose severe environmental problems and managing eco-

logical effects of affected streams remain important chal-

lenges (Luoma and Rainbow 2008). In this fact, metals

have given a particular scientific concern as it is a major

problem in the environment (Dong et al. 2011); however,

in soil pollution, the major problem in the environment

and metals exists either as separate entities or in combi-

nation in soil (Chandrasekaran et al. 2015). Some heavy

metals such as Co, Cu, Fe, Mn, Ni, and Zn are required in

low amounts by organisms. Nevertheless, high levels of

these elements may become harmful for organisms

(Chandrasekaran et al. 2015). Invertebrates are usually

useful to assess the effects of anthropogenic activities on

the terrestrial ecosystem, as they are in contact with toxic

elements in the soil and the leaf litter (Heikens et al.

2001). In addition, metal residue measurements in inver-

tebrates have been done in the framework of biomoni-

toring programs (Nico et al. 2001). Several studies have

demonstrated detrimental effects on invertebrate popula-

tions in metal gradients around emission sources (Spur-

geon and Hopkin 1996; Kuznetsova and Potapov 1997).

Among terrestrial invertebrates carabid beetles are
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frequently used due to their resistance in highly contami-

nated areas (Avgin and Luff 2000; Bednarska et al. 2013;

Lagisz and Laskowski 2008; Sklaski et al. 2011). As

holometabolous insects, they are present in the soil during

their life cycle, so they can accumulate pollutants (Cortet

et al. 1999). Carabids are well known ecologically and

taxonomically and characterized by their higher sensitive

detection of environmental changes (Butovsky 2011;

Rainio and Niemelä 2003). They were considered as

bioindicators of some toxicant effects such as metals

(Stone et al. 2002; Wilczek et al. 2003; Jelaska et al.

2007; Simon et al. 2016). However, further studies are

needed to provide data on pollutant accumulation in

carabids. The conducted study aims to the assessment of:

(1) the revelation of spatial distribution of five heavy

metals in soil and into beetles collected from Kantra

River; (2) a screening of heavy metal contamination has

been performed using multiple indices; (3) the natural and/

or anthropogenic sources of these metals have been pre-

sented; finally (4) the environmental risks in the study area

and a description of habitats of the beetles were provided.

Materials and methods

Study area

The study area was the Kantra River for the disposal of

factories and urban wastewater from the town Ras Jebel

situated in northeastern Tunisia. Three jeans fading

industries: Lee Cooper, Denim authority and CRJ are

installed alongside of this river that present a discharge

receptor of these industries. Soil samples were collected

from six sites at the Kantra River (Fig. 1).

Site 1 (37�08026.54N, 9�06033.5400E) is at the Kantra

River bed situated 500 m east from the factory. It is

characterized by an abundant vegetation of Rubus

allegheniensis and Ilex aquifolium.

Site 2 (37�04019.78N, 11�06041.2700E) is at the right

bank of the Kantra River 2 km from the factory. Its veg-

etation is mainly constituted by Nerium oleander and

Quercus faginea.

Site 3 (37�21066.48N, 10�07042.1300E) is at the left bank
of the Kantra River 3 km from the factory. The layer of

grass and leaf litter is very thin and fragmented.

Site 4 (36�24069.11N, 17�05044.5300E) is 4 km from the

factories and situated at the right bank of the Kantra River.

The vegetation is composed of Salix pedicellata.

Site 5 (36� 62095.16N, 22�11047.7800E) is located at the

left bank of the Kantra River 5 km from the factory.

Agricultural runoff and irrigation return flow are other

pollution sources at this site. The vegetation is formed by

the Ficus carica and Populus alba.

Site 6 (36�81079.68N, 32�24051.7400E) is 7 km from the

factory at the left bank of the Kantra River. Its vegetation is

dominated by Celtis australis and Eucalyptus sp.

The control site (site C) was chosen in a relatively safe

habitat. It belongs to the Ichkeul Park, at the coordinates

37008051.3100N 9�40003.1800E, altitude: 46 m. It was quali-

fied by high biodiversity and important potential resources

(Hollis et al. 1986). Ichkeul has been registered, since

1977, as a Biosphere Reserve under the UNESCO MAB

program, in 1979 as a Natural and Cultural Site and in 1980

as a wetland of international importance under the RAM-

SAR Convention.

Samples collection

Soil sampling was carried out during July 2015 using a

50 9 50 cm plot at each site, using a stainless steel corer

(10 cm diameter). Samples were taken from the 0–20 cm

upper layer, and were crushed and sieved. Carabids were

collected simultaneously with live trapping. Live ground

beetles were moved to the laboratory where they were

transferred into polyethylene bags and were stored in

freezing at -20 �C.

Chemical analyses of soil and animals

One gram of soil was weighed and kept in the oven at

450 �C for 2 h for calcinations. After cooling, 10 ml of

hydrofluoric acid and 5 ml of perchloric acid were added.

The sample was placed on a heating plate for evaporation

towards dryness; 70 ml of hydrochloric acid 13 % are

added. Afterward, the sample was filtered in phials of

100 ml.

Heavy metal concentrations in animals were measured

in emerging adults reared on contaminated soil from site P

(n = 5) and on uncontaminated control soil from site C

(n = 5). All specimens were dried at 105 �C using a

microwave and each animal was weighed. The digestion

was performed by adding 3 ml of HNO3, 3 ml of H2O2 and

1 ml of H2O to each sample. The operating conditions for

the microwave digestion system were the following:

720 W for 20 min. After digestion, the extracts were

transferred into a graduated polypropylene test tube and

diluted with ultrapure water to 50 ml according to Talarico

et al. (2014). The soil extracts and animals were analyzed

for Cd, Cu, Pb, Ni and Zn.

Metal concentrations in animals and in soil were mea-

sured by inductively Coupled Plasma Optical Emission

Spectroscopy (ICP-OES, Perkin Elmer Optima 8000,

France). The reagent blanks were monitored throughout the

analysis and were used to accredit the analytical results.

Standard reference material IAEA-SL-1 (lake sediment)

was analyzed at the same time to ensure quality control and
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accuracy of the analysis. The concentrations measured for

the reference sediment were in agreement with the certified

values (accuracy\10 %).

Assessment of soil contamination

In this study, different indices were used to assess the

degree of heavy metal contamination in soil and in the

ground beetles of the Kantra River (Ras Jebel).

The contamination factor (CF)

Assessed as the ratio obtained by dividing the concentra-

tion of each metal in the soil by baseline or background

value (concentration in uncontaminated soil):

CFmetal ¼
Cmetal

Cbackground

According to Hakanson (1980), CF values were inter-

preted as follows:

• If CF\ 1: it means that low contamination exists.

• If 1\CF\ 3: it means that moderate contamination

exists.

• If 3\CF\ 6: it means that considerable contamina-

tion exists.

• If CF[ 6: it means that very high contamination exists.

The pollution load index (PLI)

For the entire sampling site, PLI has been determined as

the n-root of the product of the n CF:

PLI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

CF1 � CF2 � � � � � CF3
n
p

Þ

For assessing the level of heavy metal pollution this

empirical index provides a simple, comparative means.

When PLI[1, it means that a pollution exists; otherwise, if

PLI\1, there is no metal pollution (Tomlinson et al. 1980).

The geo-accumulation index (Igeo)

It is defined by the following equation: Igeo = Log2 (Cn)/

1.5 (Bn); where Cn is the metals concentration in soil

samples and Bn is the geochemical background concen-

tration of the metal (n). Factor 1.5 is the background matrix

correction factor due to lithospheric effects. The geoaccu-

mulation index consists of seven classes (Müller 1981).

Class 0 (practically unpolluted): Igeo B0; Class 1 (unpol-

luted to moderately polluted): 0\ Igeo\ 1; Class 2

(moderately polluted): 1\ Igeo\ 2; Class 3 (moderately

to heavily polluted): 2\ Igeo\ 3; Class 4 (heavily pol-

luted): 3\ Igeo\ 4; Class 5 (heavily to extremely pol-

luted): 4\ Igeo\ 5; Class 6 (extremely polluted):

5[ Igeo (Bhuiyan et al. 2010).

Fig. 1 Map showing sampling

sites on the Kantra River
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Bioaccumulation factor

The bioaccumulation factor (BAF) under field conditions

provides a simple estimation for metal accumulation in

carabids, i.e. the ratio between the metal concentration in

the beetle body (in mg/kg dry weight) and that in the soil

(in mg/kg dry weight). The BAF was used to classify

Chlaenius (Chlaeniellus) olivieri as a macroconcentrator

(BAF [2), microconcentrator (1\BAF\ 2) or decon-

centrator (BAF\1) as proposed by Dallinger (1993).

Statistical analyses

Analysis of variance (ANOVA) was performed to analyze

the significant spatial differences (p\ 0.05). Multivariate

analysis of the River data set was performed using non-

parametric multidimensional scaling (NMDS) ordination

on the basis of Bray–Curtis similarity. The correlation was

analyzed between toxic element concentrations of ground

beetles and soil using Pearson correlation (Zar 1996).

Results and discussion

Heavy metals in soil of Kantra River

The concentration of heavy metals (mg kg-1 of dry soil)

in soils of the study area P (Table 1) ranged from 0.9 to

3.8 for Cd, 32.9 to 205.2 for Cu, 12 to 45.5 for Ni, 13.8

to 78.3 for Pb and 167.5 to 682.3 for Zn. Besides Zn, the

highest concentrations in soil were recorded for Cu, Pb

and Ni and the lowest concentration was observed for

Cd. Due to wastewater discharges from textile factory,

site 1 presents the highest concentrations of heavy

metals.

The minimum of Cd concentration (0.9 mg/kg) and Ni

(12 mg/kg) were observed in site S4 (site P), and the

minimum of Pb (13.8 mg/kg), Cu (32.9 mg/kg) and Zn

concentrations (167.5 mg/kg) in site S6 (site P). The

highest deposition of Zn in soil might be due to its long-

period use in the production of machine tools, fading,

paints, and alloying in different industries of the study area

that could contaminate soil and modifies the soil structure

and so make it less fertile for agriculture. In this study, total

metal concentrations are in the following order

S1[ S2[ S 3[S5[ S4[ S6. The increase in some

metal concentrations at site 5 may be due to the various

anthropogenic activities in the Ras Jebel province releasing

important amounts of heavy metals into the river. All

considered metals showed significant differences

(ANOVA, p\ 0.05). The mean values of Cd, Cu, Ni, Pb

and Zn were higher when compared with the control site C.

Heavy metals distribution among the sites is indicated in

Fig. 2. The mean concentrations of Cd, Cu, Ni, Pb and Zn

from the two areas were, respectively, 2.01, 111.48, 32.77,

40.06 and 376.10 from the area P and 0.16, 24.65, 21.84,

5.28 and 35.05 from area C. Total heavy metal concen-

trations in the soil samples from the Kantra River followed

Table 1 Heavy metals concentrations (mg/kg dry weight; mean ± SE) found in the soil samples from the study sites (area P and C)

Area Site Metal

Cd Cu Ni Pb Zn

P S1 4.8 ± 0.7a 4.8 ± 2.97a 45.5 ± 1.48a 79.28 ± 1.51a 682.31 ± 2.9a

S2 2.3 ± 0.22b 2.3 ± 2.26a 44.46 ± 1.25a 59.6 ± 1.21b 629.33 ± 2.62a

S3 1.8 ± 0.52c 1.8 ± 2.88b 30.65 ± 1.43b 16.03 ± 1.56c 201.1 ± 1.06b

S4 0.9 ± 0.18d 0.9 ± 4.36c 21.4 ± 1.2c 23.75 ± 1.35d 219.58 ± 1.8b

S5 1.3 ± 0.23e 1.3 ± 4.15d 28.86 ± 1.1b 47.51 ± 1.45e 356.21 ± 4.23c

S6 1.3 ± 0.23d 1 ± 2.5c 25.75 ± 1.72b 14.2 ± 1.35c 168.08 ± 3.6bd

C S10 0.5 ± 0.21 0.5 ± 1.86 25.26 ± 1.62 8.91 ± 1.53 97.38 ± 1.38

S20 0.3 ± 0.12 0.3 ± 2.07 24.88 ± 1.1 3.96 ± 1.03 20.8 ± 1.07

S30 0.02 ± 0.008 0.02 ± 1.84 20.76 ± 1.54 5.95 ± 0.89 23.25 ± 0.89

S40 0.06 ± 0.02 0.06 ± 1.12 18.78 ± 1.08 6.88 ± 1.06 39.54 ± 1.32

S50 0.08 ± 0.01 0.08 ± 1.37 19.13 ± 1.57 2.75 ± 1.16 17.84 ± 1.02

S60 0.05 ± 0.02 0.05 ± 1.4 22.25 ± 1.06 3.25 ± 0.84 11.55 ± 0.79

Limits for Italian public green (Law 152/06) 2 120 120 100 150

Limits for industrial use (Law 152/06) 15 600 500 1000 1500

European norm 1–3 50–140 500 50–300 150–300

AFNOR 2 100 50 100 300

For each parameter, different letters indicate significant differences (p\ 0.05)
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the order: Zn[Cu[ Pb[Ni[Cd. Lower metals con-

centration were observed in sites 4 and 6, probably due to

low anthropogenic activities in the area. Urbanization close

to the site 4 was limited. The concentrations of heavy metal

in the studied soil samples followed the order of sites

S1[ S2[ S3[ S5[S6[ S4 for Cd and Ni. Concen-

trations of Pb and Zn showed the following order:

S1[ S2[ S5[ S4[S3[ S6; whereas concentration of

Cu showed the following order: S2[ S1[S3[
S5[ S4[ S6. The extent of metals observed in soil of the

study area (P) exceeded the permissible standard values

proposed by the French association of normalization

(AFNOR 1996) (except Pb and Ni), the European norm for

non-polluted soils (IEEP 2009) (except Pb and Ni), and the

limits for public green areas as established by current

Italian legislation (Talarico et al. 2014) (except for Ni and

Pb).

Comparison of metal contamination data on the Kantra

River with published data on other rivers (Table 2) reveals

that the soil are slightly contaminated with heavy metals,

while the extent of metal contamination was much worse

than the Axios River for Cu and Zn (Table 2).

Indices of soil contamination

The results of the contamination factors (CFS) and load

index of pollution (PLI) are shown in Table 3. The highest

value of CF for all studied metals was found on the site 1,

which receives a huge quantity of metal discharge released

by textile plant. In the study area P, the CF values for Cd

were[6 in soil of sites 1, 2, 3 and 5, show thus a ‘‘higher

contamination’’ but a ‘‘considerable contamination’’ for

sites 4 and 6. By the same way, the CF values for Cu were

[6 in soil at site 1, which indicates a ‘‘high contamina-

tion’’ and denotes a ‘‘considerable contamination’’ for site

3, and a ‘‘moderate contamination’’ for sites 4, 5 and 6. In

soil of sites 1 and 2, the values of CF denoted a ‘‘consid-

erable contamination’’ but a ‘‘moderate contamination’’ in

site 3 (except Pb), sites 4, 5 and 6 (except Pb), while the CF

values for Ni indicated a ‘‘low contamination’’ at all sites.

Cd has the CF higher values among the five studied metals

in all sites, whereas, Ni had the lowest CF values among

them. A higher CF value was recorded at the sites 2 and 3

characterized by discharges of urban and industrial

wastewater and at the site 5 which received urban

Fig. 2 Metal concentrations

(mg/kg dry weight) in soils of

each site. Results are expressed

as values mean SE (n = 6). For

each parameter, different letters

indicate significant differences

(p\ 0.05)
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wastewater. The order of the total contamination is as

following S1[ S2[ S3[ S5[ S4[S6. In the area C,

CF values of metals for all sites showed a ‘‘low contami-

nation’’ except Cd at site 2 denoting a ‘‘moderate

contamination’’.

The load index of pollution (PLI) varied from 0.28 to

5.12 (Table 3). According to the mean value of PLI (2.73),

the Kantra River was moderately polluted. Sites 1 and 2

had the highest PLI, respectively, 5.12 and 4.14, within the

study area P, indicating that the soils of these sites were

strongly polluted by heavy metals. For PLI, values were

between 1 and 2. For other sites it must be classified as

moderately polluted. The order of PLI for sites is

S1[ S2[ S5[ S3[S4[ S6. In the area C the mean

values of PLI (0.42)\1 show that there is no metal pol-

lution in its soil.

Table 4 presents Igeo values of the studied metals. The

Igeo values of Ni at all sites, Pb at sites 4, 5 and 6, Cu at

sites 5 and 6, Zn at site 6 were under limits of detection,

showing that these sites were safe. The Igeo values for Cu

at site 4, Pb at site 3 and Zn at sites 3, 4 and 5 were under 1

which belong to ‘‘unpolluted to moderately polluted’’ class.

Among studied metals, Cd, Cu, Zn, Pb and Ni have the

highest Igeo values, respectively. The soils of site 1 pre-

sents the highest values and ‘‘heavily polluted’’ for the Igeo

class for Cd; for soils of sites 2, 3 (except for Cu) and site 4

(except for Cu), were ‘‘moderately polluted’’ for the Igeo

class of Cd and Cu, while at sites 5 and 6 and Cu at site 3

were ‘‘moderately polluted’’ for the Igeo class of Pb and

Zn. Total Igeo values followed the order of S1[S2[
S3[ S4[ S5[ S6.

Table 2 Heavy metal concentrations in soil samples from the Kantra River and other selected Rivers from the literature

Locations Metal concentration (mg/kg)

Cd Cu Ni Pb Zn

Kantra River (site 1), Ras Jbel, Tunisiaa 0.9–4.8 42.73–205.15 21.4–45.5 14.2–79.28 168.08–682.31

River Po, Italyb 1.08–3.7 31.7–90.1 52.3–161 32–98.5 178–645

Danube River, Europac 1.1–32.9 31.1–8088 17.5–173.3 14.7–541.8 78–2010

Tinto River, Spaind 0.13–12 22–2700 1.6–36 17–13400 68–5280

Sean Scheldt River, Belgiume 0.5–24.8 9–1739 6–78 11–681 54–4380

Axios River, Greecef 1.11 14–93 19–188 11–140 42–271

a This study
b Farkas et al. (2007)
c Woitke et al. (2003)
d Morillo et al. (2002)
e Vandecasteele et al. (2003)
f Karageorgis et al. (2003)

Table 3 Metal contamination factors (CFs) and pollution load indi-

ces (PLIs) for soil of all sites studied in the Kantra River

Sites CFs PLIs

Cd Cu Ni Pb Zn

Site 1 24 6.06 0.91 4.95 5.37 5.12

Site 2 11.5 6.41 0.88 3.72 4.95 4.14

Site 3 9 3.26 0.61 1 1.58 1.95

Site 4 4.5 1.45 0.42 1.48 1.72 1.48

Site 5 6.5 2.37 0.57 2.97 2.8 2.37

Site 6 5 1.33 0.51 0.88 1.32 1.32

Site 10 2.5 0.59 0.5 0.55 0.76 0.79

Site 20 1.5 0.99 0.49 0.24 0.16 0.5

Site 30 0.1 0.58 0.41 0.37 0.18 0.28

Site 40 0.3 0.72 0.37 0.43 0.31 0.4

Site 50 0.4 0.83 0.38 0.17 0.14 0.31

Site 60 0.25 0.92 0.44 0.2 0.09 0.29

Table 4 Geo-accumulation indices (Igeo) of heavy metals for soils

of all sites studied in the Kantra River

Sites Cd Cu Ni Pb Zn

Site 1 4 2.01 -0.72 1.72 1.84

Site 2 2.93 2.09 -0.75 1.31 1.72

Site 3 2.58 1.12 -1.29 -0.58 0.078

Site 4 1.58 -0.04 -1.8 -0.01 0.2

Site 5 2.11 0.66 -1.37 0.98 0.9

Site 6 1.73 -0.16 -1.54 -0.75 -0.18

Min 1.73 -0.04 -0.72 -0.01 -0.18

Max 4 2.09 -0.72 1.72 1.84
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Multivariate statistical analyses

Cluster analysis

The non-parametric multidimensional scaling (NMDS) was

applied to analyze the affinities between metals. NMDS

gives a dendrogram (Fig. 3) where all metals were grouped

into two statistically significant groups at 78 % of simi-

larity. Group 1 includes Cd which is identified as con-

taminant derived from anthropogenic sources (wastewater

discharges of textile plant). Group 2 contains Cu, Pb, Ni

and Zn derived from anthropogenic sources (wastewater

discharges of textile factory, and domestic wastewaters).

Correlation matrix

In order to establish relationships between metals and

determine the common source of heavy metals in the

Kantra River, a correlation matrix was calculated for

metals in the soils. According to the values of Pearson’

correlation coefficient (Table 5), a significant positive

correlation existed between the considered metals. Ni was

significantly correlated only with Cu, whereas Zn showed

significant correlation with all metals except for Cd. These

positive correlations indicate that these heavy metals have

the same origin which is probably due to the wastewater

discharged from textile factory.

Metal analyses in ground beetles

Based on Pearson correlation, we found negative correla-

tion between all concentrations in soils and C. olivieri (Cd:

r = -0.487, p = 0.649; Cu: r = -0.89, p = 0.06; Ni:

r = -0.346, p = 0.821; Zn: r = -0.63, p = 0.434),

which indicate that Cd, Cu, Ni and Zn are associated with

the soil minerals. So, the soil cannot be the source of these

elements for Carabids, since they are not directly assimi-

lated by ground beetles. It is known that, the organic matter

composition and soil properties modify the behavior of

toxic elements in soil (Van Straalen et al. 2001). Since

regulation efficiency of heavy metals varies among species,

the toxic element concentrations in ground beetles did not

reflect to the concentration in the soil (Kramarz 1999).

Heikens et al. (2001) examined the Cd, Pb, and Cu con-

centration in several taxonomic groups and indicated that

the bioaccumulation of Cd and Pb is correlated to the total

soil concentration, i.e. the internal Pb concentration

increased proportionally with soil concentration (Heikens

et al. 2001). In addition, the internal Zn and Cu concen-

tration is also related to the metal concentration of soil

(Jelaska et al. 2007).

Bioaccumulation factor

Metal residues in animals were determined by the equi-

librium between absorption and excretion. Such phe-

nomenon, in the case of heavy metals, may be subject to

the regulatory mechanisms that maintain more or less a

range of internal concentrations. The rates of absorption

and excretion indicate extremely large inter-species vari-

ability as reported for Cd by Janssen et al. (1991). As a

result, there are large differences between species in their

metal concentrations (Pokarzhevskii 1985; Van Straalen

and Van Wensem 1986; Janssen and Hogervorst 1993).

Unlike persistent organochlorines, metals were not accu-

mulated in food chains (Laskowski 1991), except special-

ized predators that feed on prey accumulating metal (Van

Straalen and Ernst 1991; Butovsky and Van Straalen 1995).

In our study, the element trace levels found in species

from the C. olivieri population living in the vicinity of

Kantra River are the same as those in the Kantra River soil

except for Pb (Table 6). Indeed the highest metal concen-

trations were measured near to the factory. The BAF values

for species from site P show that this species is a macro-

concentrator for Cd (BAF = 9.89) and a microconcentrator

for Zn (BAF = 0.18). The high bioaccumulation values of

Cd (BAF = 9.89) in beetles at contaminated and control

soils indicate that the contact with the soils plays an

important role in bioaccumulation of such metals. Using

BAF values our results demonstrated that ground beetlesFig. 3 Dendrogram showing clustering of analyzed parameters

Table 5 Pearson’s correlation coefficients for Pb, Cu, Cr, Zn, Ni and

Cd in the soil samples of El Kantra River

Cd Cu Ni Pb Zn

Cd 1

Cu 0.895 1

Ni 0.907 0.967* 1

Pb 0.909 0.902 0.896 1

Zn 0.913 0.950* 0.938* 0.981* 1

* Significance at the 0.05
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may accumulate the toxic metal Cd from soil, in indirect or

direct way.

Our results are in good agreement with Talarico et al.

(2014) who found high BAF values for As and Hg on C.

lefebvrei, indicating that this species was a good indicator

for As and Hg. In addition, Simon et al. (2016) have also

found high BAF values for Cu, Zn and Pb on P. oblon-

gopunctatus and C. violaceus. The metal concentrations in

C. olivieri from area P and C are mentioned in Fig. 4 that

present high concentrations of Zn, Cu, Cd, and Ni. The

residues of metals in animals can be determined by the

equilibrium between assimilation and excretion. According

to Nico et al. (2001), to keep the internal concentrations

within a more or less narrow range, uptake and excretion of

heavy metals may be subject to regulatory mechanisms.

However, metal kinetic studies in Carabids indicated that

the physiological capabilities of species for detoxification

by metal excretion may explain observed differences

(Kramarz 1999; Lagisz et al. 2005). According to Talarico

et al. (2014), various studies suggested that species dif-

ferences in capability for element uptake and excretion are

more important than the trophic level. A similar trend is

evident for several studied species of ground beetles, which

can discharge absorbed metals by excretion when their

internal concentration is higher than a certain threshold

(Jelaska et al. 2007; Butovsky 2011; Scheifler et al. 2002;

Laskowski 1991).

Nevertheless, there are several other factors, in addi-

tion to species physiology, that may influence metal

concentrations, such as age and abiotic factors. Different

ways in which samples were collected may be considered

in comparison between studies. Pitfall trapping is the

most used method (Hunter et al. 1987), however, for

chemical analysis, aspirators and hand-sorting of litter

seems to be better tools for collection of live animals

(Nico et al. 2001).

Carabids are known as important predators of the soil

fauna (Brunsting and Heessen 1984). The eco-biology of C.

olivieri revealed that juvenile and smaller earthworms are

their food. According to Van Straalen et al. (2001), the

higher concentrations of toxic elements were found in

Juvenile earthworms as they consume a huge amount of

organic matter from soil. Hence, the food preference of C.

olivieri may explain differences in elemental concentra-

tions in ground beetles species.

Fig. 4 Heay metal content in C.

olivieri on soil from P (poll.:

polluted) and C site (ctrl)

Table 6 Heavy metal content

in the body (mg kg-1 dry

weight; mean ± SE, n = 5) of

C. olivieri (Bc) from site P

Bc BAF

Cd 19.89 ± 0.31 9.89

Cu 36.55 ± 0.22 0.32

Ni 29.46 ± 0.29 0.89

Zn 70.58 ± 0.24 0.18

BAF bioaccumulation factor

under river conditions indicat-

ing the ratio between the metal

concentration in the beetle body

and that in the soil (mg/kg dry

weight) from site P (Table 1)

442 Page 8 of 10 Environ Earth Sci (2016) 75:442

123



Conclusion

Using sensitive species can be more informative and effi-

cient test systems allowing for a better assessment of the

risk to the environment. In the current research, heavy

metals in soil and Carabids C. olivieri collected from the

vicinity of factory were important, thus confirming that

they threaten environment and human health in such

locality. However, additional compartments of contami-

nation, including water, air, and contaminated food, should

be studied in detail in the future. The Carabids, C. olivieri

can be used as a good indicator for heavy metals. The

present data can help in the assessment and establishment

of future monitoring programs focusing on metal contam-

ination in Tunisian ecosystems.
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Avgin SS, Luff ML (2000) Ground beetles (Coleoptera: Carabidae) as

bioindicators of human impact. Mun Entomol Zool 5:209–215

Bednarska NG, Schymkowitz J, Rousseau F, Van Eldere J (2013)

Protein aggregation in bacteria: the thin boundary between

functionality and toxicity. Microbiology 159:1795–1806

Bhuiyan MAH, Parvez L, Islam MA, Dampare SB, Suzuki S (2010)

Heavy metal pollution of coal mine-affected agricultural soils in

the northern part of Bangladesh. J Hazard Mater 173:384–392

Boldina-Cosqueric I, Amiard JC, Amiard-Triquet C, Dedourge-
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Rainio J, Niemelä J (2003) Ground beetles (Coleoptera: Carabidae) as

bioindicators. Biodivers Conserv 12:487–506

Scheifler R, Gomot-de Vaufleury A, Toussaint ML, Badot PM (2002)

Transfer and effects of cadmium in an experimental food chain

involving the snail Helix aspersa and the predatory carabid

beetle Chrysocarabus splendens. Chemosphere 48(6):571–579

Simon E, Harangi S, Baranyai E, Braun M, Fábián I, Mizser S, Nagya
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