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Abstract
The leather industry is one of the major producers of wastewater, releasing large amounts of various chemicals into the
environment. Chromium (Cr) is the most commonly used agent in the tanning industry. Accumulation in the animal body can
adversely affect the functioning of animal tissues. The current study investigated the toxic effects of Cr on lung, kidney, liver, and
testicular tissues in Libyan jirds (Meriones libycus) inhabiting the area surrounding Ghazghan leather industrial town, Mashhad,
Iran. Average Cr concentrations were found to be significantly higher in samples from contaminated areas than controls
(p < 0.05). The highest accumulation of Cr was found in lung tissue, while the liver tissue showed the lowest. The results also
showed that sex and age had no significant effect on Cr accumulation in any tissue at either sampling area (p < 0.05). Histological
analyses showed that Cr accumulation had caused changes in tissue samples from Libyan jirds from the contaminated area.
Hyperemia was observed in all tissues. In kidney tissue, necrosis and degeneration of the epithelial cells of the tubules were seen
as well, and in one case, we also observed hemorrhage. In liver tissue, necrosis, degeneration, and inflammation were observed,
along with one case, of fibrosis. In lung tissue, we observed emphysema, hemorrhage, and inflammation. Testicular tissue also
showed a considerable lesion. Given the proximity of specimens’ habitat to an area of importance, i.e., the industrial town, and
the species’ dependence on its habitat for nutrition, Libyan jirds are particularly useful for monitoring. Thus, they can be used to
monitor the level of contamination in future studies.

Keywords Chromium . Histopathology . Leather industry . Small mammals . Tannery wastewater

Introduction

Various industrial processes produce large quantities of metal
pollutants and thereby affect natural ecosystems, plants, and
animals (de Souza et al., 2016; Hamidian et al., 2014). The
leather industry is one of the most polluting industries (Saxena
et al., 2016; Guimarães et al., 2019) because the tanning

process is accompanied by the production of organic and in-
organic compounds such as acids, phenols, sulfates, sulfides,
and toxic elements, especially chromium (de Souza et al.,
2016; Guimarães et al., 2019). The most important form of
pollution from the leather industry is wastewater (dos Santos
Moysés et al., 2017; Pouran et al., 2008). The release of metals
in tanneries’ wastewater into the environment usually repre-
sents a risk to living organisms (Marques, 2008).

Assessing the risk of contamination in wildlife or human
populations involves the measurement of specific chemical
residues in soil, water, air, or body tissues (Kakkar and
Jaffery, 2005). Chemical analyses of soil, air, and water pro-
vide information on the concentration of specific compounds
in the environment. However, these analyses alone are insuf-
ficient for assessing the availability and potential toxicity of
metal contaminants to wildlife and humans. Therefore, if
heavy metals accumulate in the tissues of animals living in
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contaminated areas, animal species can be used as
bioindicators in research and monitoring (Talmage &
Walton, 1991). A wide range of indicator species have been
used to evaluate the uptake of metal contaminants (Berglund
et al., 2007; Elia et al., 2007). However, in recent studies, the
tissues of small mammalian species have been used in areas
suffering from metal contamination to indicate the extent of
the problem (Milton et al., 2003; Damek-Poprawa and
Sawicka-Kapusta, 2003; Pereira et al., 2006; Sánchez-Chardi
et al., 2007). Small mammals are often considered to represent
an intermediate stage between low and high trophic levels
(Metcheva et al., 2003). They feed on plants, fruits, and inver-
tebrates and, in food chain, are a considerable part of birds of
prey and mammals’ diet. Rodents are susceptible to environ-
mental pollution, especially heavy metal contamination, and
can be used as biological indicators in contaminated areas
(Damek-Poprawa and Sawicka-Kapusta, 2004). Also, the pat-
tern of heavymetal distribution in the tissues of rodents is very
similar to that of human body tissues (Khazaee et al., 2016). In
Iran, several studies have been conducted on water and soil
pollution in areas surrounding leather industry activity. Given
that no study has yet been conducted on rodents affected by
tannery effluent, here we targeted a local small mammal spe-
cies, the Libyan jird, for a biomonitoring study. Since the
conservation status of this species is “least concern,” it is an
ideal species to utilize in histopathological investigations
(Hart et al., 2019). Also, due to its abundance, widespread
distribution, limited dispersal distance, short migration dis-
tance, generalized food habits, short life span, high reproduc-
tive rate, and susceptibility to capture, Libyan jirds can be a
suitable bioindicator species (Adham et al., 2011).

Since wildlife species rely on their surrounding environ-
ment for food and water, and given the toxic nature of Cr in
the environment (Andleeb et al., 2018), the current study
aimed to investigate whether Libyan jirds are inhabiting the
leather industry town ofMashhad uptake Cr from the environ-
ment. We also studied the sub-lethal impact of Cr uptake on
tissues of Libyan jirds exposed to Cr, as a representative wild-
life species in the study area.

In the study area, a large amount of untreated effluent
from the leather industry is discharged into the surround-
ing environment. Wastewater contaminated with Cr
causes detrimental effects on natural ecosystems, plants,
and animals (Shahid et al., 2017; Pouran et al., 2008;
Quintão et al., 2018). Therefore, determining the amount
of Cr in different tissues of animals is very important,
especially given the cumulative effect of Cr contamina-
tion in the environment (Khazaee et al., 2013). Since
heavy metals accumulate in organs with high metabolic
activity, the lungs, kidneys and liver are of the most im-
portant organs (Amini Ranjbar and Sotoudehnia, 2005;
Filazi et al., 2003). Lungs are one of the main organs
affected by Cr. Chromium exposure initially leads to

chronic lung inflammation, and then cancer (Beaver
et al., 2009; Proctor et al., 2014). The liver and kidney
tissues have also been studied in tissue pathology due to
their important role in metabolism, purification, and bio-
transformation (Bernet et al., 1999; Shahsavari et al.,
2019; Faroon et al., 2012).

In the present study, the contaminated and control area
were compared in terms of Cr accumulation in tissues with
high metabolic activity, including lung, liver, and kidney tis-
sue. Moreover, due to the influence of Cr on reproductive
processes, testicular tissue was also examined in Libyan jirds,
and histopathological changes in all tissues were determined.
The primary hypothesis of this study was that the tissues of
Libyan jird suffered damage through Cr accumulation.

Material and methods

Study area and sampling

The Ghazghan leather industrial town is located in the center
of Khorasan Razavi province, in northeastern Iran, at 59° 54′
48″ E and 36° 14′ 51″ N (Fig. 1). The industrial town com-
prises approximately 125 ha. Fifty-four companies are active
in the industrial town, manufacturing textiles, chemicals and
materials, tanning leather, and producing leather products
such as bags, shoes, and suitcases.

The tanning process is used to convert animal hide or skin
(a highly putrescible material) into a lasting and imputrescible
product termed leather, which is used for various purposes
(Saxena et al., 2016). During leather production, the
beamhouse and tanning processes are responsible for the bulk
of pollution because beamhouse processes result in high sul-
fide and organic matter contents, while tanning processes in-
troduce high levels of salt (ammonium, chloride, chromium
and sulfate salts) into tannery wastewater (Durai and
Rajasimmam 2011; Suganthi et al. 2013). The high consump-
tion of Cr in leather processing (average 80 kg per ton of raw
skin), its high concentration in the effluent (average 63 mg/l),
and discharge of contaminated wastewater into main streams
daily (Rezaei et al., 2014; Pouran et al., 2009) have resulted in
pollution of the natural environment of the area, posing severe
health hazards to native communities (animals and humans)
directly exposed to contaminated groundwater, crops, and un-
sanitary conditions (Losi et al., 1994; Oral et al., 2007; Kumar
et al., 2008; Ahmed et al., 2016; Andleeb et al., 2018).

After a preliminary investigation in the sampling site,
systematic-random sampling was done in order to investigate
the accumulation of Cr in Libyan jirds (Rodentia, Mammalia).
To do so, the area within 5 m from the wastewater discharge
outlet was first divided into 100 pixels (Each 2.5 × 2.5 m), and
then 10 pixels were randomly selected. In each pixel, between
3 and 5 traps were set near the active colonies. Forty metal live
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box traps were placed in the area in December 2018 and
January 2019. The traps were baited with pieces of corn, car-
rot, or cucumber. A total of twenty-eight specimens of Libyan
jird (16 adults and 12 young, 16 of which were male and 12
female) were trapped from the polluted zone during the
2 months. All specimens were captured within a 1-km radius
around the industrial town. Five control specimens of Libyan
jird (two males and three females) were captured 12 km away
from the contaminated area in June 2019 as controls. Traps
were open during both night and day. Traps were checked
twice a day. Captured specimens were transferred to the lab-
oratory and were then killed with chloroform (Andleeb et al.,
2018; Shahsavari et al., 2018). Sex, weight, and age of the
specimens were determined. The specimens were identified
using identification keys based on external characters and
skull and tooth characters (Darvish, 2015; Pavlinov et al.,
2010). Specimens were divided into two age classes (i.e., adult
and young) based on signs of sexual activity and dental ero-
sion (Stoetzel et al., 2017; Momenzadeh et al., 2008;
Mirshamsi et al., 2007; Pavlinov et al., 2010). A dissection
of the specimens was performed with stainless steel instru-
ments. Internal organs, including liver, kidneys, lungs, and
testicles, were immediately weighed after extraction. In order
to determine the concentration of Cr, approximately 1 g of
each tissue was placed inside a polystyrene tube and stored
at −20 °C for chemical analyses. The remaining parts of the
liver, kidney, lung, and testicular tissue were fixed in 10%

buffered formalin for histopathological analyses. The lesions
are identified based on definitions in the science of pathology
(Zachary, 2017).

To determine the concentration of Cr, five samples were
collected at a depth of 15 cm of surface soil, within the study
area. Sampling was performed by stainless steel trowel, after
the removal of organic matter. According to the composite
sampling method, the samples were thoroughly mixed and
kept in a plastic bag and transferred to the laboratory
(Zarrintab and Mirzaei, 2017). The collected soil samples
were air-dried and then sieved to remove rocks, roots, and
other extensive debris material. Finally, it was stored in la-
beled plastic bags for further analysis.

Chemical analyses

Soil samples were digested based on the method described by
Shorouq et al., 2015. First, soil samples were placed in sterile
polypropylene falcon centrifuge tubes with 5 ml of 70%
HNO3 (ultrapure Merck, Darmstadt, Germany) and 15 ml of
37% HCl (Aqua Regia). Then, the solution was kept at room
temperature for 12 h and it was refluxed for 3 h at 130 °C. The
concentration of metal was measured by ICP (ICP-OES
SPECTRO ARCOS-76004555).

Tissue digestion was performed according to the method
developed by Amuno et al. (2016) and Binder et al. (2018), as
follows:

Fig. 1 Map of the study area
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The tissue samples (~1.0 g) were digested at 60 °C for 48 h
in concentrated 65% nitric acid (Emsure Merck, Darmstadt,
Germany) with a tissue weight to acid volume ratio of 1:5 ml.
All tissue samples were digested in sterile polypropylene fal-
con centrifuge tubes. Then, the samples were diluted with
10 ml of deionized water. Cr concentrations in soil and tissue
were measured using inductively coupled plasma optical
emission spectroscopy (ICP-OES, SPECTRO ARCOS-
76004555). Cr concentrations were expressed in milligrams
per kilogram on a dry weight (DW) basis.

Histopathological analyses

For microscopic evaluation, the collected tissue specimens
were immersed in neutral 10% buffered formalin for fixation
and preservation of their physical structure. After dehydrating
the tissue samples in ethyl alcohol, xylol clearance was per-
formed, and the samples were immersed in paraffin at 56 °C
for ease of tissue excision. Then, 5- to 7-μm-thick paraffin
sections were prepared. Tissue specimens were placed in a
laboratory water bath at 37 °C to open the folds. Then, the
tissue sections were transferred to slides and placed in an
incubator. The existing paraffin had to be eliminated for col-
oring, which was done by removing the tissue samples from
the incubator and cleaning themwith xylol. After paraffin was
removed, the sections were stained with hematoxylin and eo-
sin (Lee & Luna, 1968). Microscope slides were used for the
study of tissue pathology. Four slides were used per organ,
and four fields were taken from each slide. The slides were
observed under a light microscope (MicroOptix, MX 100T).
Eventually, the slides were photographed and classified into
four levels according to the severity of lesions as follows:
normal or absence of lesions (− or 0), slight (+ or 1), moderate
(++ or 2), and severe (+++ or 3) for precise descriptions see
Table 1 (Peter et al., 2012; Mclnnes, 2017; Shahsavari et al.,
2018). Histological slides were evaluated specifically based
upon Table 1.

Statistical analysis

Statistical analyses were performed using SPSS 17.0 at ɑ =
0.05. Kolmogorov-Smirnov and Leven’s tests were used to
evaluate the normality of distributions and equality of vari-
ances. One-way ANOVA was used to compare variances.

To test differences between control and contaminated sam-
ples, independent-sample t-tests were used. Moreover, an in-
dependent t-test was used to investigate the possible differ-
ences in specimen’s body weights, as well as differences in
Cr concentration in kidney, liver, and lung tissue between
males and females, and the two age classes (adult and young).
For statistical analysis of histopathological data and binary
comparisons of the groups, the Mann-Whitney U test was
used.

Results

Body weight

The average body weight of the adult females and males col-
lected from the study area was significantly lower than the
control specimens (Fig. 2). Average body weight for females
was significantly decreased in specimens from the contami-
nated area compared to controls (t = −2.28, df = 9, p = 0.004).

Cr content in the soil

The Cr concentration of the soil sample was 170 mg/kg.
According to the World Health Organization (WHO) and the
Food and Agricultural Organization (FAO), the maximum
permissible Cr concentration in soil is 150 mg/kg (European
Union, 2002; WHO/FAO, 2007). Therefore, the quantity of
Cr in the soil of the study area was significantly higher than
the permissible limit.

Cr concentration in tissue

The mean Cr concentrations in the kidney, liver, and lung
tissue of Libyan jirds in the contaminated and control area
are shown in Table 2. Cr accumulation in the tissue samples
from the contaminated area was in the range of 1–2.16 mg/kg.
The highest Cr concentrations were observed in lung tissue
(2.16 mg/kg) in the contaminated area. Since no significant
differences were found in Cr accumulation between the sex
and age groups, the groups were combined for doing further
analyses. Average Cr concentrations in tissues (kidney, liver,
lung) of the specimens from contaminated areas were signif-
icantly higher than the control group. Cr concentrations in

Table 1 Levels of lesion severity
Description Grading of lesion

Absence of lesion

Lesions were seen in 25% of microscopic squares

Lesions were seen in 25–75% of microscopic squares

Lesions were seen in more than 75% of microscopic squares

−(normal)

+(slight)

++(moderate)

+++(severe)
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kidney tissue (t = 3.12, df = 31, p = 0.004), liver tissue (t =
8.78, df = 31, p = 0.000), and lung tissue (t = 2.71, df = 31,
p = 0.01) of the specimens from the contaminated area were
significantly different from the control group (Table 2).

Histological analyses

Histological analyses revealed tissue lesions in Libyan jird
specimens captured from near Ghazghan leather industrial
town (Figs. 3 and 4). At the microscopic level, the most com-
mon pathological changes in the lung tissue of Meriones
libycus included hyperemia, emphysema, inflammation, and
hemorrhage (Table 3; Fig. 3). In kidney and liver samples,
hyperemia, necrosis, and degeneration were observed.
Inflammation was seen in liver samples, and in one case, fi-
brosis was also evident (Table 3 and Fig. 3). In testicular
tissue, hyperemia and hemorrhage, Leydig cell necrosis
(Table 3 and Fig. 4), and reduced diameter of seminiferous
tubules were observed (Table 4 and Fig. 4).

Histological analyses revealed damage to the kidneys, liv-
er, lungs, and testicles of Libyan jirds in the contaminated area
compared to the control area. A comparison of tissues be-
tween specimens from the Cr-exposed area with the control
area (shown Table 4) revealed significantly higher lesion se-
verity in samples from the Cr-exposed area (p < 0.05). Extent
and severity of hyperemia and necrosis of kidney and liver
tissue samples from the Cr-exposed and control areas showed

a significant difference (p < 0.05), the mean is higher in the
exposed area. Also, hyperemia, emphysema, and inflamma-
tion of lung tissue were significantly higher in exposed ani-
mals (p < 0.05). Hyperemia and hemorrhage in testicular tis-
sue were also significantly higher in jirds from near the indus-
trial town. A significant decrease in the diameter of seminif-
erous tubules was observed in specimens from the contami-
nated area (p < 0.05).

Discussion

Human activities and industrial processes typically produce
waste and effluents that, depending on the nature of these
substances, can be harmful to the environment and human
health (de Souza et al., 2016). Although the leather industry
has a significant positive economic impact, the adverse effects
of wastewater, tanning waste, and environmental pollution
from leather processing are considerable (Dixit et al., 2015;
Guimarães et al., 2019). Cr is the most commonly used agent
in the tanning industry, and almost 90% of all leather is tanned
using Cr (Monteiro et al., 2002). As shown in Table 2, the Cr
released into the environment by the activity of the leather
industry has accumulated in Libyan jirds (lungs, kidneys, liv-
er) captured from the tannery area. In agreement with findings
by Adham et al. (2011), Libyan jirds can be used as indicators
of heavy metal pollution. Studies have shown that inhalation
and oral or dermal exposure can result in Cr deposition in
kidneys, liver, heart, and lungs (Gad, 2014; Saxena et al.,
2016; Khazaee et al., 2013). According to Vincent (2017),
after absorption, Cr binds to the iron-transport protein trans-
ferrin in the bloodstream. Transferrin then carries Cr to the
tissues (within 30 min), where it is absorbed via endocytosis.
Also, Stehr et al. (1997) reported the most important effects of
Cr on rodent bodies, tissues, and cellular destruction. Previous
studies have also reported a correlation between the concen-
tration of heavy metals in plants and the concentration of
metals in the tissues of mammalian populations (Hunter
et al., 1989; Ma et al., 1991; Mažeikytė and Balčiauskas
2003; Sánchez-Chardi et al., 2009). Thus, the accumulation
of Cr in the body of Libyan jirds could be due to the consump-
tion of the Cr-contaminated water and plants around the in-
dustrial town.

Similar to our results, Minami et al. (2008) found that lung
tissue showed the highest accumulation of Cr (2.16 mg/kg)
compared to kidney and liver tissues (lung > kidney > liver).
According to Beaver et al. (2009) and Proctor et al. (2014), Cr
(VI) is a cause of lung cancer, as Cr in lung tissue causes
inflammation, which then develops into lung cancer. Also,
in another study by Steinhoff et al. (1986), the researchers
observed lung cancer in rodents, after a 30-month period of
hexavalent chromium injection. In the present study, there
was a significant difference (p > 0.05) in inflammation of lung

Fig. 2 Mean (± SD) body weight (g) in Cr-exposed and control samples
of Libyan jirds inhabiting the tannery area of Mashhad, Iran

Table 2 Cr concentrations (Mean ± SD) in different tissues (mg/kg) of
Libyan jirds (Meriones libycus)

Chromium concentration Control
(Mean ± S.D)

Cr-exposed
(Mean ± S.D)

Kidney
Liver
Lung

0.38 ± 0.10 (n = 5)
0.18 ± 0.06 (n = 5)
0.30 ± 0.13 (n = 5)

1.61 ± 0.86* (n = 28)
1.00 ± 0.20* (n = 28)
2.16 ± 1.51* (n = 28)

*P < 0.05
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tissue between the exposed and control specimens. Also,
Khazaee et al. (2013) found the highest concentration of Cr
in the hearts of Persian jirds (Meriones persicus), followed by
lung tissue. Rastogi et al. (2008) found high mortality rates
due to respiratory problems in men exposed to tanning
effluent.

Bernet et al. (1999) concluded that the use of liver and
kidney tissue in histopathological studies is due to the critical
role of these two organs in the metabolism, removal, and
bioavailability of substances in the body. As in the study of
Shahsavari et al. (2019), the accumulation of Cr in the kidney
and liver tissue was higher than in muscle tissue. In another
study by Gumbleton and Nicholls (1988), the renal injury was

observed in rats affected by hexavalent chromium. Fatima
et al. (2016) also observed higher uptake of trivalent Cr in
kidney tissue after 3 weeks of exposure to the metal in
Swiss albino mice (Mus musculus) compared to liver, spleen,
and muscle tissue. Histopathological changes in kidney tissue
included mononuclear cell infiltration, necrosis, and contrac-
tion of glomerulus within Bowman’s capsule. In the present
study, we observed necrosis in kidney tissue at significantly
higher rates in exposed specimens (p > 0.05). According to a
study by Barbier et al. (2005), the high accumulation of Cr in
renal tissue in our study (second highest after lung tissue)
could be the high capacity of renal epithelial cells to transport
and accumulate heavy metals. The liver is also one of the

Fig. 3 Photomicrographs (a, f: × 40, and b, c, d, e, f: × 400) of H&E-
stained tissue sections of Cr-contaminated Libyan jirds from near the
industrial town. a Hyperemia, emphysema, inflammation, and b

hemorrhage in lung tissue cross sections. c Hyperemia and necrosis in a
kidney tissue cross section. d, e, f Hemorrhage, necrosis, fibrosis, and
degeneration in liver tissue cross sections
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important organs of the body, often exposed to toxins and
heavy metals. Eventually, it stores the needed metals in the
body, circulating them through the circulatory system, and
transports unnecessary substances to bile by blood flow
(Bla’zovics et al., 2002). In Souza et al.’s study (2016) of
C57Bl/J mice treated with tannery effluent, there were limited,

histopathological changes in the kidney, spleen, heart, and
lung tissue, and only liver tissue showed changes such as
moderate hydropic degeneration, necrotic hepatocytes, and
hepatocyte membrane damage. However, in the present study,
histopathological changes were observed in kidney and lung
tissues, in addition to liver tissue. In another study by Rabelo

Table 3 Frequency of observation for each grade of lesion severity in kidney, liver, lung, and testicular tissue (shown as percentages)

Kidney Liver

Cr-exposed Severity
(grades)

Hyperemia Necrosis and
degeneration

Hyperemia Necrosis and
degeneration

Inflammation

−
+
++
+++

14.3
32.1
28.6
25.0

28.6
39.3
32.1
0

0
46.4
32.1
21.4

7.1
25
39.3
28.6

75
7.1
10.7
7.1

Lung Testicle

Hyperemia Emphysema Inflammation Hemorrhage Hyperemia and
hemorrhage

Leydig cell
necrosis

−
+
++
+++

0
21.4
35.7
42.9

42.9
42.9
14.3
0

0
50
35.7
14.3

39.3
35.7
25
0

12.5
25
37.5
25

25
31.3
37.5
6.3

Control Severity
(grades)

Kidney Liver

Hyperemia Necrosis and
degeneration

Hyperemia Necrosis and
degeneration

Inflammation

−
+

80
20

80
20

40
60

80
20

100
0

Lung Testicle

Hyperemia Emphysema Inflammation Hemorrhage Hyperemia and
hemorrhage

Leydig cell
necrosis

−
+

60
40

100
0

80
20

80
20

100
0

100
0

Fig. 4 Photomicrographs (× 400)
of H&E-stained testicular tissue
sections of Cr-contaminated (a, b,
c) and control (d) Libyan jirds. a
Hyperemia, b Leydig cell necro-
sis, reduced seminiferous tubule
diameter (STD) in testicular tissue
cross sections
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et al. (2018), tissue changes in the liver of Swiss mice treated
with tannery effluent include necrosis and fibrosis, similar to
those we have observed in Libyan jirds’ livers. In the present
study, Cr accumulated in testicular tissue of exposed animals
at significantly higher levels than controls (p > 0.05).

Reproduction is an important phenomenon in wildlife spe-
cies (Andleeb et al., 2018); therefore, reproductive disorders
may have negative impacts on the balance of ecosystems.
Small rodents constitute a part of the diet of other animals,
in addition to being seed dispersers, pollinators, and organic
matter recyclers. Therefore, assessing the reproductive aspects
of small mammals is a way to evaluate the effect of tannery
effluent on population structure and organization of these spe-
cies (Guimarães et al., 2019). In this context, Murthy et al.
(1991) and Sipowicz et al. (1997) observed an increase in Cr
content in rodent testes after intraperitoneal injection with Cr.
Andleeb et al. (2018) found that testosterone secretion in small
Indian mongooses (Herpestes javanicus) from areas affected
by tanning was significantly reduced and sperm tubes and
testicular cells were impaired. Also, in the study by
Guimarães et al. (2019), sperm abnormality and abnormal
reproductive function were observed after 90 days in Swiss
mice exposed to tannery effluent. In the present study, we
observed in testicular tissue changes, including hyperemia,
hemorrhage, Leydig cell necrosis, and reduced diameter of
seminiferous tubules. Some researchers have conducted stud-
ies on rodents affected by tannery effluent (e. g. Siqueira et al.,
2011; da Silva et al., 2016; de Souza et al., 2016; Almeida
et al., 2016; Rabelo et al., 2016; dos Santos Moysés et al.,
2017; Mendes et al., 2017; Andleeb et al., 2018; Rabelo
et al., 2018; Quintão et al., 2018; Guimarães et al., 2019).

These investigations indicate the importance of monitoring
for pollution using animal sampling. Determining the toxicity
of environmental pollutants in mammals can provide informa-
tion to prevent the occurrence of environmental toxicity. Also,
histopathology or any study of tissues and internal organs can
be appropriate tools for detecting contamination or any critical
environmental conditions (Battaglia et al., 2005).

Conclusions

The activity of Ghazghan leather industrial town has led to the
Cr accumulation in Libyan jirds. The results showed that the
target organs of the Cr accumulation are lungs and kidneys.
The Cr-induced infection had caused histopathologic changes
in the lung, kidney, and liver tissues and as well as injury to
the reproductive system of males.

The present study also showed that Libyan jirds are a suit-
able species for environmental pollution monitoring and as-
sessment of the risk posed to human populations living in
contaminated areas. The chronic effects observed in Libyan
jirds’ tissues indicate the harmful effects of the leather indus-
try on the exposed species. Due to the role of small mammals
in the diet of endangered species such as birds and carnivorous
mammals, the findings of this study could be used to manage
tannery effluents and industrial wastes as well as assessing the
hazardous effects of Cr contamination caused by leather mak-
ing activities on living organisms.
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Table 4 Comparison (Mean ± SD) of histopathological data between exposed and control specimens

Control Cr-exposed

(Mean ± S.D) (Min-
Max)

(Mean ± SD) (Min-
Max)

Kidney Hyperemia 0.20 ± 0.44 (n = 5) 0–1 1.64 ± 1.02* (n = 28) 0–3

Necrosis and degeneration 0.20 ± 0.44 (n = 5) 0–1 1.04 ± 0.79* (n = 28) 0–2

Liver Hyperemia 0.60 ± 0.54 (n = 5) 0–1 1.75 ± 0.79* (n = 28) 1–3

Necrosis and degeneration 0.20 ± 0.44 (n = 5) 0–1 1.89 ± 0.91* (n = 28) 0–3

Inflammation 0 (n = 5) 0 0.50 ± 0.96 (n = 28) 0–3

Lung Hyperemia 0.40 ± 0.54 (n = 5) 0–1 2.21 ± 0.78* (n = 28) 1–3

Emphysema 0 (n = 5) 0 0.71 ± 0.72* (n = 28) 0–2

Inflammation 0.20 ± 0.44 (n = 5) 0–1 1.64 ± 0.73* (n = 28) 1–3

Hemorrhage 0.20 ± 0.44 (n = 5) 0–1 0.86 ± 0.80 (n = 28) 0–2

Testicle Hyperemia and hemorrhage 0 (n = 2) 0 1.75 ± 1.00* (n = 16) 0–3

Leydig cell necrosis 0 (n = 2) 0 1.25 ± 0.93 (n = 16) 0–3

Seminiferous tubule diameter 2.10 ± 0.14 (n = 2) 2–2.2 1.34 ± 0.28* (n = 16) 0.97–1.78

*P < 0.05
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