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Abstract

Metal contamination poses a threat to human, animal, and environmental health. The purpose of the current study was to assess
the accumulation of toxic and trace metal concentrations in tissues of stray dogs in Kabwe, a town known for lead pollution
due to a long history of lead and zinc mining. Brain, spleen, heart, stomach, stomach content, small intestine, kidney, liver, and
bone samples were collected from 29 stray dogs (14 from locations within 3 km of the mine and 15 from sites 7 km away from
the mine) after necropsy. Inductively coupled plasma mass spectrometry was used to analyze toxic metals, arsenic (As), cad-
mium (Cd), and lead (Pb), and trace elements, copper (Cu) and zinc (Zn). The lungs (0.117 +0.114 mg/kg dry weight), kidney
(7.515 +8.830 mg/kg dry weight), and bone (41.68 +66.83 mg/kg dry weight) were found to have the highest concentrations
of As, Cd, and Pb, respectively. In contrast, higher Cu and Zn concentrations were measured in the liver than in other tissues. In
all tissues analyzed, tissues sampled from dogs near the mine had significantly higher mean concentrations of Cd and Pb than
dogs far away. Neither sex nor age-related differences were observed in the distribution of metals in most tissues. There were
significant associations among toxic (Pb and Cd) and trace metals (Cu and Zn). In the kidney, Cd positively correlated with
Pb (p=0.534) and Zn (p=0.600), whereas in the liver, Cu correlated with Zn (p=0.565). The current study’s findings suggest
that environmental pollution is still a problem in Kabwe, and environmental remediation is needed to address the pollution.
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Introduction geological weathering (He et al. 2005; Ahmed et al. 2022).

The main anthropogenic sources of heavy metal pollution

In nature, heavy metals are present in the Earth’s crust. Their
emergence in the environment is due to anthropogenic activ-
ities by humans and natural causes such as soil erosion and
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are foundries, mines, and smelting operations (Masindi and
Muedi 2018; Briffa et al. 2020). Animals living in polluted
areas may experience exposure to heavy metals by different
routes, including ingestion of contaminated food or water,
inhalation of contaminated dust, and inadvertent ingestion
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of contaminated soil (Li et al. 2017; Zhang et al. 2019).
The metals may be detoxified or deposited to be excreted or
stored in organs by the organisms once they enter the body
(Thompson 2018a). Toxic metals including As, Cd, Hg, and
Pb are harmful even in small amounts and are not required in
the body. Some heavy metals that are classified as essential
elements, such as Cu and Zn, are important to organisms
for their biological functions. However, excess or deficient
concentrations cause health effects (Briffa et al. 2020).

Biomonitoring of heavy metals in the environment allows
us to pinpoint the source of pollutants (Zhou et al. 2008; Par-
mar et al. 2016). Tissues or body fluids are typically used to
detect the bioavailability of heavy metals in animals (Tataruch
and Kierdorf 2003). They are more favorable than environmen-
tal samples such as soil, water, and air because animals in the
polluted environment have exposure to contaminants spatially,
temporally, and across media (Talmage and Walton 1991).

From 1902 to 1994, Pb—Zn mining activities were oper-
ated in Kabwe, a mining town in the central province of Zam-
bia. They left extensive Pb pollution in the environment due
to an inadequate regulation to manage the pollutant emissions
from the mine (Nakata et al. 2022). Studies have reported
that high accumulations of heavy metals were found in soil,
wild rats, chickens, cattle, goats, and lizards (Nakayama et al.
2011; Yabe et al. 2011, 2013; Nakata et al. 2016; Doya et al.
2020). Moreover, Pb levels in the children’s blood who reside
close to the mine exceeded the Pb reference value set by the
CDC (Yabe et al. 2015, 2020). Dogs share the same habitat as
humans, and exposure to environmental pollutants reported
in human habitats is unavoidable for them (Reif 2011; Sev-
erino et al. 2012; Esposito et al. 2019). For instance, a high
mean concentration of blood lead level (525.3 +£230.8 ug/l),
which exceeded the toxic level (400 pg/l), was observed in
dogs from Kasanda, Kabwe, a township that located about
1 km from the mine (Toyomaki et al. 2020). However, reports
on tissue metal distribution in stray dogs, especially around
the mining area, to better understand the phenomenon of met-
als in the body are lacking.

Therefore, this study was carried out to assess the accu-
mulation of metals and arsenic in several tissues of stray
dogs from Kabwe and to compare metal accumulation
between dogs from townships close to the mine (within
3 km from the mine) and those 7 km away from the mine.
Furthermore, factors like age and sex that may affect a dog’s
exposure to metals are reported.

Materials and methods
Sampling sites

Kabwe (latitude 14° 26’ 48.84" S, longitude 28° 26" 47.18"
E) is the provincial capital of Central Province of Zambia
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where a Pb—Zn mine that closed in 1994 occupies south-
west of the town center. Even though the mine is closed,
illegal artisanal activities at the old dump tailing which is
adjacent to residential area have continued to contaminate
the surrounding areas with dust via wind flow (Nakayama
et al. 2011; Yabe et al. 2015). In a previous study, it was
reported that the median values of Pb in the soil near the
mine were higher than the reference values for mammals
from US EPA Eco-SSL (Nakayama et al. 2011; Doya et al.
2020). Moreover, concentrations of Pb reported in agricul-
tural crops and drinking water near the mine exceeded the
reference values for Pb in vegetables (Nakata et al. 2022).
It was also observed that distance and wind direction from
the mine affected dogs’ exposure to Pb and other metals.
A decreasing trend in the levels of Pb in their blood was
reported particularly after 5 km from the mine (Toyomaki
et al. 2020). Therefore, the present study was a case—control
study using stray dogs near the mine (Kansada and Chowa;
townships within 3 km from the mine) as exposure and dogs
away from the mine (Bwacha and Nakoli; townships 7 km
from the mine) as control (Fig. 1).

Sampling

The Zambian Ministry of Fisheries and Livestock granted
clearance for the sampling, which was carried out strictly
in accordance with its regulations. Approval for ethical
clearance was obtained from the University of Zambia Bio-
medical Research Ethics Committee (UNZABREC) under
the reference number 012-04-16. The sampling was done
during the rabies control effort conducted by the Kabwe
District Veterinary Office that targeted at reducing stray
dog population in August 2022. Stray dogs were humanly
euthanized followed by necropsy by local veterinarians. The
brain (cerebrum), spleen, heart, lungs, stomach, stomach
contents, small intestine, kidney (cortex), liver, and bone
were collected in polypropylene tubes and stored at —20 °C.
The samples were transported to Japan in an icebox for fur-
ther analysis at the Laboratory of Toxicology, Faculty of
Veterinary Medicine, Hokkaido University, Sapporo. Sex
was recorded during sample collection, and their age was
estimated by tooth eruption and tooth wear (Cafazzo et al.
2010).

Determination of metals

Brain, spleen, heart, lungs, stomach, stomach contents,
small intestine, liver, kidney, and bone samples were
digested for metals and arsenic detection by wet diges-
tion method presented in a previous study (Yohannes et al.
2017) with some modifications. Briefly, approximately
300 mg of each tissue sample was dried in an oven for
48 h at 50 °C. After drying, acid-wet digestion of the dry
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Fig. 1 Location of the study area in Kabwe, Zambia (source: Joseph Makumba/ZCCM-IH); townships within 3 km from the mine (in red color
circles), townships 7 km distance from the mine (in green color circles), and Pb—Zn mine (in orange color circles)

samples was done using 5 mL of 30% nitric acid and 1 mL
of 30% hydrogen peroxide. A Speed Wave MWS-2 diges-
tion system was used for tissue digestion for metal analy-
sis. After cooling, digested solutions were transferred and
filled it up to 10 mL with Milli-Q in 15-mL plastic tube.
A reagent blank sample was prepared following the same
procedure.

An inductively coupled plasma—mass spectrometer (ICP-
MS 7700 series; Agilent Technologies Inc., Tokyo, Japan)
was used to measure the concentration of As, Cd, Pb, Cu,
and Zn in the digested solutions. The certified reference
material of DOLT-4 (fish liver; National Research Coun-
cil of Canada) was used as the analytical quality control.
Replicate analyses of the reference material revealed good
recoveries ranging from 94 to 105%. The instrumental detec-
tion limit (IDL) (ug/g) of As, Cd, Pb, Cu, and Zn were 0.001,
0.0002, 0.001, 0.01, and 0.02, respectively.

Statistical analysis

All statistical analyses were conducted using JMP Pro 16.0.0
(SAS Institute, USA), with a significance level of p <0.05.
The Mann—Whitney U test, a non-parametric test, was used
to compare the variations in As, Cd, Pb, Cu, and Zn with

respect to age, sex, and location. The relationship between
metals and arsenic in the kidney and liver of dogs living
close to the mine was examined using Spearman’s rank
correlation.

Results
Characteristics of sampled dogs

A total of 29 stray dogs (14 near the mine and 15 far away
the mine) were sampled. Sex ratio (female/male) was 8:6 for
sites near the mine and 6:9 for far from the mine. Age was
estimated by dental pattern and color wearing (Cafazzo et al.
2010) and divided into two groups (<2 years old vs > 2 years
old). The age ratio (<2:>2) from locations close to the mine
and distant from the mine was 10:4 and 9:6, respectively.

Concentration of metals and arsenicin tissues
of dogs

The concentration of metals and arsenic in tissues of dogs

from Kabwe is shown in Table 1 and 2. Among the tissues
analyzed, the lungs, kidney, and bone showed the highest
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mean concentration of As (0.117 mg/kg dry weight), Cd
(7.515 mg/kg dry weight), and Pb (41.68 mg/kg dry weight),
respectively, whereas the liver had a higher concentration of
Cu and Zn than other tissues analyzed.

The concentrations of toxic metals in dogs per site are
described in Table 1. There were significant differences in
the concentrations between the dogs near and away from
the mine. The significantly higher concentrations of As in
dogs near the mine were observed in the brain (p <0.01),
stomach (p <0.01), small intestine (p <0.001), and kidney
(p <0.01) compared to dogs about 7 km away from the mine.
Dogs close to the mine showed significantly higher Cd con-
centrations than dogs far away from the mine in all tissues
(»<0.01). Except in the heart tissues, the concentrations of
Pb were significantly higher in all tissues of dogs near the
mine than in those of dogs far from the mine.

The accumulation pattern of As in tissues of dogs near
the mine was observed as follows: lungs > stomach > small
intestine > kidney > heart > brain > spleen > liver > bone.
For Cd in dogs around mining areas, the highest concen-
tration was found in the kidney followed by liver, small
intestine, spleen and/or lungs, stomach, brain, heart, and
bone. In the case of Pb concentration in dogs living near the
mine, the pattern was bone > liver > kidney > lungs > stom-
ach > brain > spleen > heart > small intestine.

Essential metal concentrations in dogs from the two
locations are summarized in Table 2. Cu concentrations in
dogs near the mine differed significantly (p <0.05) in brain,
spleen, heart, lungs, stomach contents, small intestine, kid-
ney, and liver compared with those far from the mine. While
the mean concentrations of Zn in all tissues were signifi-
cantly higher in dogs near the mine than those far from the
mine, except in the bone.

Comparing the influence of sex on metal accumulation,
female and male dogs far from the mine showed significantly
different concentration for As, Pb, and Cu. The male dogs
had significantly higher concentration of As in small intes-
tine and Pb in brain and liver, while female dogs had higher
concentration of Cu in the stomach (Fig. 2 a, c, d). Except for
the concentration of As in the heart (p <0.05), the concentra-
tion of metals in tissues of female and male dogs from near
the mine was not different (p >0.05) (Fig. 2 a—e). Regarding
age, no significant difference was observed between groups
from both locations of dogs (p < 0.05), except for Cu concen-
tration in the stomach of dogs far from the mine (Fig. 3 a—¢).

The relationship of metals and arsenic in the kidney and
liver of dogs from the mine’s vicinity is depicted in Table 3.
A significant positive correlation (p=0.600, p <0.05) was
observed between Cd and Zn in the kidney; Cd and Pb
showed positive correlation (p =0.534, p <0.05) in the kid-
ney. Between Cu and Zn, a significant positive correlation
(p=0.565, p<0.05) was observed in the liver.

@ Springer

Discussion

Studies about heavy metal environmental exposure in tis-
sues of dogs around mining area are scarce. In our under-
standing, this is the first study to examine metals and arsenic
in tissues of dogs around a mining area in the world. The
recommended levels of Cd in healthy dogs was <0.7 mg/
kg dry weight in kidney and <0.35 mg/kg dry weight in
liver. In contrast, at the elevated levels, the concentration
of Cd ranged from 14 to 68 mg/kg dry weight in the kid-
ney and from 3.5 to 28 mg/kg dry weight in the liver (Puls
1994). In the present study, the mean concentration of Cd
in kidney (7.515 mg/kg dry weight) and liver (0.598 mg/
kg dry weight) of Kabwe dogs was found to exceed the rec-
ommended levels of Cd in healthy dogs. Moreover, mean
concentration of Cd concentrations in kidneys (0.755 mg/
kg dry weight) and liver (0.245 mg/kg dry weight) exceeded
concentrations reported in stray dogs from Naples, Italy
(Esposito et al. 2019). Accumulation levels of Pb in kid-
ney (5.550 mg/kg dry weight) and liver (10.54 mg/kg dry
weight) were also higher than those of Pb in Naples’ stray
dogs (0.324 mg/kg dry weight in kidney and 0.520 mg/kg in
liver) (Esposito et al. 2019). The study’s findings therefore
demonstrated that environmental pollution has an impact on
the accumulation of heavy metals in animals from Kabwe,
Zambia.

Dogs close to the mine had higher As concentrations
in their brain, stomach, small intestine, and kidney than
dogs farther away. The highest mean As concentration
was found in the stomach content of dogs living close
to the mine (1.325 mg/kg dry weight), followed by the
lungs (0.144 mg/kg dry weight) suggesting that stray dogs
had a high risk of exposure through ingesting contami-
nated food and inhaling in polluted air (Rabinowitz et al.
2010). Our findings give further corroborative evidence
to the presence of environmental arsenic contamination
in Kabwe from past mining activities of lead-chloride
arsenate mineral ore called mimetite, Pbs(AsO,);Cl found
in Kabwe (Kamona and Friedrich 2007). Moreover, our
previous study, reported a positive correlation As with
Pb in soil from Kabwe (Nakayama et al. 2011). Mean As
concentrations in kidney (0.029 mg/kg dry weight) and
liver (0.016 mg/kg dry weight), on the other hand, were
within the lowest range of As ever reported in dog tissues
(<0.7 mg/kg dry weight in both kidney and liver) (Puls
1994) and below the dogs from NW Spain (0.0636 mg/
kg dry weight in kidney and 0.0504 mg/kg dry weight in
liver) (L6pez-Alonso et al. 2007a).

Dog Cd poisoning is rare and typically results from
chronic exposure. Yet, even low amounts of exposure to
Cd can harm the cardiovascular system, kidney, liver, skel-
etal system, and liver. Bolognin et al. (2009) reported a
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Table 1 Toxic metal (As, Cd, and Pb) concentration in dogs (mg/kg dry weight)

Kabwe Near the mine Far from the mine
n  Mean+SD Median (range) n  Mean+SD Median (range) n  Mean+SD Median (range)
As
Brain 29 0.026+0.008 0.024 14 0.029+0.008**  0.028 15  0.022+0.005 0.022
(0.015-0.052) (0.016-0.052) (0.015-0.033)
Spleen 29  0.026+0.041 0.017 14 0.022+0.008 0.022 15 0.029+0.057*0.015
(0.008 —0.234) (0.010-0.037) (0.008 —0.234)
Heart 29  0.026+0.016 0.022 14 0.031+0.022 0.026 15 0.022+0.007 0.019
(0.012-0.089) (0.012-0.089) (0.012-0.038)
Lungs 29 0.117+0.114 0.079 14 0.144+0.131 0.092 15 0.093+0.093 0.068
(0.023-0.488) (0.037-0.488) (0.023 -0.368)
Stomach 29  0.05+0.067 0.031 14 0.074+0.091*%*  0.054 15 0.028+0.013 0.028
(0.008 -0.377) (0.016-0.377) (0.008 —0.057)
Stomach con- 22 0.856+1.596 0.224 10 1.325+2.222 0.298 12 0.465+0.675 0.191
tents (0.025-6.857) (0.053-6.857) (0.025-2.264)
Small intestine 29  0.035+0.03 0.027 14 0.052+0.034%** (.051 15 0.019+0.009 0.016
(0.008 —0.145) (0.013-0.145) (0.008 —0.047)
Kidney 29  0.029+0.021 0.023 14 0.042+0.023**  0.035 15 0.018+0.008 0.018
(0.007—-0.097) (0.017-0.097) (0.007 —0.036)
Liver 29  0.016+0.007 0.014 14 0.015+0.009 0.014 15 0.016+0.005 0.017
(0.006 —0.034) (0.007 —0.034) (0.006 - 0.023)
Bone 29  0.014+0.008 0.013 14 0.014+0.011 0.012 15 0.014+0.005 0.014
(0.001 -0.038) (0.001-0.038) (0.008 —0.024)
Cd
Brain (cer- 29  0.013+0.01 0.009 14 0.021+0.009%*%* 0.019 15  0.006+0.002 0.006
ebrum) (0.004 —0.036) (0.007 —0.036) (0.004-0.010)
Spleen 29  0.141+0.35 0.027 14 0.275+£0.479%%* 0.136 15  0.017+0.006 0.017
(0.008 —1.919) (0.061-1.919) (0.008 —0.027)
Heart 29 0.012+0.01 0.008 14 0.018+0.010%** 0.016 15  0.007+0.001 0.007
(0.004 —-0.043) (0.007 —0.043) (0.004 —0.009)
Lungs 29  0.145+0.19 0.053 14 0.275+0.221%%* (0.222 15 0.024+0.019 0.020
(0.010-0.807) (0.053-0.807) (0.010-0.088)
Stomach 29 0.079+0.09 0.032 14 0.148+0.024%*%* (.114 15 0.017+0.009 0.016
(0.006—0.384) (0.067-0.384) (0.006 —0.032)
Stomach con- 22 0.241+0.54 0.032 10 0.427+0.742*%*  0.094 12 0.085+0.235 0.015
tents (0.004 —2.249) (0.032-2.249) (0.004 -0.829)
Small intestine 29 0.275+0.29 0.208 14 0.447+0.348**%* (0.314 15 0.115+0.024 0.068
(0.015-1.354) (0.158-1.354) (0.015-0.310)
Kidney (cortex) 29 7.515+8.83 2.583 14 13.996 +8.918*** 2.383 15 1.468+1.025 1.434
(0.160—-32.38) (1.827-32.38) (0.160—-3.376)
Liver 29  0.598+0.65 0.221 14 1.1194+0.590*** 0.942 15 0.113+0.069 0.095
(0.022-2.111) (0.115-2.111) (0.022-0.225)
Bone 29  0.005+0.01 0.002 14 0.009+0.008*** 0.006 15 0.001+0.0005 0.001
(0.0002 —0.029) (0.003-0.029) (0.0002 —0.002)
Pb
Brain (cer- 29  1.68+£2.69 0.690 14 3.27£3.22%%* 1.55(0.69-10.13) 15 0.20+0.19 0.15 (0.05-0.83)
ebrum) (0.05-10.13)
Spleen 29 2.32+4.01 0.875 14 2.84+3.08%* 1.26 (0.38—1091) 15 1.83+4.78 0.20
(0.04-18.73) (0.04-18.73)
Heart 29 2.13+4.69 0.56(0.02—24.16) 14 2.75+6.27 0.59 (0.13-24.16) 15 1.55+2.61 0.44 (0.02—8.34)
Lungs 29  6.05+£10.59 2.65(0.13—50.84) 14 10.59 +14.00%** 376 (1.73-50.84) 15 1.81+1.61 1.46 (0.13-5.16)
Stomach 29 3.07+8.23 0.93(0.09-44.89) 14 551+11.51** 2.00(0.54—-44.89) 15 0.79+1.02 0.36 (0.09 —3.55)
Stomach con- 22 47.7+85.02 18.59 10 82.67+115.18%* 28.98 12 18.56+30.12 3.16
tents (0.28 -375.8) (7.07-375.8) (0.28-98.51)
Small intestine 29 1.14+1.19 0.65(0.09-4.33) 14 1.93+£1.15%** 1.64 (0.65-4.33) 15 0.42+0.67 0.19 (0.09-2.22)
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Table 1 (continued)

Kabwe Near the mine Far from the mine
n  Mean+SD Median (range) n  Mean+SD Median (range) n  Mean+SD Median (range)
Kidney (cortex) 29 5.55+7.74 2.54(0.17-31.87) 14 10.66 £8.61%** 7.36 (293-31.87) 15 0.78+0.77 0.39 (0.17-2.54)
Liver 29 10.54+18.38 3.3(0.17-89.69) 14 20.95+22.38***  12.23 15 0.82+0.82 0.57 (0.17-3.29)
(4.40-89.69)
Bone 29 41.68+66.83 27.24 14 77.35+82.71%*%*  53.36 15 8.39+1097 241

(1.07-354.99)

(22.29-354.99) (1.07-36.84)

SD standard derivation, n number of dogs

“Significant difference between dogs near the mine and dogs distant from the mine at <0.05 (Mann-Whitney U test)

“Significant difference between dogs near the mine and dogs distant from the mine at <0.01 (Mann—Whitney U test)

“*Significant difference between dogs near the mine and dogs distant from the mine at <0.001 (Mann-Whitney U test)

bronchial inflammation and an elevated neutrophil count
in an experimental exposure of dogs to nebulized 0.2% Cd
solution within a week. Moreover, intramuscular adminis-
tration of cadmium chloride (8 mg/kg body weight) caused
hemorrhagic, necrotic foci in the testes while intravenous
injection of same dose cadmium chloride resulted in mor-
tality within 24 h (Donnelly and Monty 1977). In the pre-
sent study, Cd concentrations in all tissues of dogs from
near the mine showed approximately 10 times higher in
concentrations compared with those far from the mine. The
mean concentration of Cd in the kidney of dogs in Kabwe
(13.996 mg/kg dry weight) was higher than the lowest value
(<0.7000 mg/kg dry weight) (Puls 1994). A similar pattern
was also observed in the liver of dogs from near the mine
(1.119 mg/kg dry weight vs < 0.350 mg/kg dry weight). The
mean Cd concentrations were higher in the kidney of dogs
from both locations when compared with other tissues. Our
findings provided that the presence of Cd contamination pro-
duced 235 t as one of the by-products in the past mining in
Kabwe (Kamona and Friedrich 2007). Once Cd is absorbed,
it rapidly leaves the bloodstream and accumulates in various
tissues, especially in the liver and kidney, due to their rich-
ness in metallothionein (Satarug et al. 2003). Given these
situations and pervasive nature of Cd in the environment,
dogs living close to the mine area may have potential Cd-
induced impairments, including increased oxidative stress
and detrimental effects on bone health (Lovasova et al. 2013;
Agneta et al. 2014). Therefore, the detection of Cd in dog
tissues could be a concern to the overall health of dogs from
households within the vicinity of the former Pb—Zn mine.
Pb poisoning in dogs primarily manifests as gastrointes-
tinal and neurological problems (Wismer 2013). Moreover,
it affects the cardiovascular system, the renal system, and
the hematological system (Fine et al. 1988; Huerter 2000;
Zook 1972). In Kabwe, high concentrations of Pb were
observed in all tissues from dogs near the mine compared to
those far from the mine. Similar patterns have been reported
in other animals from Kabwe (Nakayama et al. 2011; Yabe
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etal. 2011, 2013; Nakata et al. 2016; Doya et al. 2020). The
mean concentrations of Pb in the kidney and liver of dogs
near the mine were above the lowest level (< 14 mg/kg dry
weight for the liver; < 10 mg/kg dry weight for the kidney)
as reported by Puls (1994). Meanwhile, the mean Pb con-
centration was found to be low in the liver (0.82 mg/kg dry
weight) and kidney (0.78 mg/kg dry weight) of dogs far from
the mine, which is consistent with previous reports for dogs
from unpolluted areas (Lépez-Alonso et al. 2007a; PaB3lack
et al. 2015; Esposito et al. 2019). Once Pb is absorbed, it
is widely distributed in the body, including the brain after
crossing the blood—brain barrier (Thompson 2018a) and then
can cause subtle changes in the immune system, organ func-
tion, and cognitive abilities even at low levels of exposure
(Langlois et al. 2017). Among tissues analyzed in dogs from
Kabwe, the highest concentration of Pb was observed in the
bone. The mean Pb bone concentration in dogs from near the
mine (77.35 mg/kg dry weight) was higher than the range
(2 -5 mg/kg dry weight as normal and 20-40 mg/kg dry
weight as high) reported by Puls (1994). Once Pb enters the
body, it binds to a variety of proteins as well as metallothio-
nein in the soft tissues but mostly accumulates in the active
bone matrix, serving as a reservoir (Thompson 2018a).

This study’s results showed that the Cu and Zn levels in
dogs were within normal ranges (Puls 1994). The livers of
dogs from both sites were found to have higher amounts of
Cu and Zn than other organs. After being absorbed, Cu and
Zn are stored in the liver (Garland 2018; Thompson 2018b).
Moreover, these metals have shown significant individual
variation among individuals, and this variation may be influ-
enced by diet and age (Lopez-Alonso et al. 2007b).

In this study, the concentration of As in the small intes-
tine of dogs that were distant from the mine was significantly
higher in males than in females, but the concentration of As in
the heart of dogs that were close to mine exhibited an opposite
tendency. In case of Pb, male dogs residing far from the mine
had more Pb in their brains and livers than female dogs did.
A separate substantial trend (female dogs > male dogs) was
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Table 2 Trace metal (Cu and Zn) concentration in dogs (mg/kg dry weight)
Kabwe Near the mine Far from the mine
n  Mean+SD Median (range) n  Mean+SD Median (range) n  Mean+SD Median (range)
Cu
Brain (cer- 29 21.9+48 21.64 14 24.28+5.14% 24.67 15 19.71+3.23 19.17
ebrum) (13.95-34.31) (16.27-34.31) (13.95-25.98)
Spleen 29 12.5+48.3 3.32 14 22.554+69.33%*%* 399 (2.95-263.41) 15 3.01+£0.26 2.89 (2.67-3.55)
(2.67—-263.41)
Heart 29 153+26 15.88 14 15.78+2.53 16.31 (9.27-19.59) 15 14.92+2.69 1544
(6.66—19.59) (6.66—18.07)
Lungs 29 44 4.19(2.21-937) 14 591+ 1.44%** 5776 (4.48—-9.37) 15 298+048 2.86(2.21-4.19)
Stomach 29 73+ 6.34 (3.16—17.81) 14 8.38+4.16 7.89 3.16—17.81) 15 635+1.75 6.09
(3.38—-10.08)
Stomach con- 22 8.1+84 4.56(1.97-27.32) 10 10.94 +9.52%* 6.29 (2.64-27.32) 12 5.79+6.81 2.54
tents (1.97-25.52)
Small intestine 29 6.4+33 5.10(3.76—19.54) 14 7.94+4.22%% 654 (3.89—-19.54) 15 4.89+0.88 4.75(3.76—6.96)
Kidney (cortex) 29 30.6+16.3 26.32 14 40.09 +17.49%** 35.28 15 21.81+8.53 21.01
(11.88-86.11) (21.55-86.11) (11.88-43.58)
Liver 29 171.4+89.5 149.83 14 235.30+80.37*** 203.93 15 111.82+46.11 119.07
(40.66 —433.68) (148.52 —433.68) (40.66 —221.29)
Bone 29 04+03 030(0.14—-1.80) 14 0.47+0.42 0.34 (0.17—-1.80) 15 0.28+0.12  0.25 (0.14-0.56)
Zn
Brain (cer- 29 663+79 63.3(544-869) 14  T1.5+7.5%%* 72.2 (56.7—-86.9) 15 61.5+45 60.9 (54.4-73.1)
ebrum)
Spleen 29 93.6+194 89.9(69.7—171.4) 14 104.3+21.4%+* 100.7 (79.5—171.4) 15 83.7+10.3 82.1
(69.67—108.25)
Heart 29 66.2+11.5 67.2(32.0-83.5) 14  71.2+£11.5%* 73.5 (40.3-83.5) 15 61.5+9.5 64.2 (32.0-72.7)
Lungs 29 84.0+37.3 739(332-186.5) 14 111.2+36.1%*  36.1(73.9-186.5) 15 58.7+124  60.6 (33.2-76.2)
Stomach 29 104.7+87.2 87.1(35.0-517.8) 14 133.8+112.0** 979(35.0-517.8) 15 77.6+143 799
(51.8—101.8)
Stomach con- 22 132445598 47.2 10 2870.4+8260.8* 71.5 12 354+252 243(9.1-79.5)
tents (9.1-26,331.1) (17.2-26,331.1)
Small intestine 29 97.4+179 97.9 (66.4—144.8) 14 108.0+16.7** 106.4 (80.4—144.8) 15 87.5+129 899
(66.4—-104.4)
Kidney (cortex) 29 99.9+189 99.8(73.5-136.6) 14 1154+103*** 115.0(99.8—136.6) 15 855+12.3 83.6
(73.5-124.7)
Liver 29 123.6+27.2 1239 14 146.9+16.4%*%* 1453 15 101.9+136 999
(79.6-172.7) (123.9-172.7) (79.6—128.4)
Bone 29 109.2+229 104.0 14 111.2+17.1 108.0 (90.5—159.6) 15 107.4+27.8 99.7
(70.0-179.4) (70.0-179.4)

SD standard derivation, n number of dogs

“Significant difference between dogs near the mine and dogs distant from the mine at <0.05 (Mann—Whitney U test)

“*Significant difference between dogs near the mine and dogs distant from the mine at <0.01 (Mann-Whitney U test)

“*Significant difference between dogs near the mine and dogs distant from the mine at <0.001 (Mann—Whitney U test)

observed in the content of Cu in the stomachs of dogs living far
from the mine. A previous study also revealed that the effect of
sex was reversed between townships near the mine (Toyomaki
et al. 2020). Such variations might be influenced by the type of
food or feed supply. The subjects in this study were stray dogs
that roamed in different places for food. Both female and male
dogs may wander from one location to another. As a result, the
exposure to metals and arsenic in this study may not have been
significantly affected by differences in sex.

In this study, significant positive correlation was observed
between Zn and Cd in the kidney. Yabe et al. (2011) reported that
a similar interaction was observed in the kidney of cattle from
Kabwe, with a positive correlation for Cd and Zn in the kidney.
It seems that these interactions are regulated by metallothionein,
metal-binding proteins that are induced by many metals, includ-
ing Cd (Nordberg and Nordberg 2022). It has been proven that
Zn can also bind to this protein (Tokar et al. 2012). A significant
positive correlation between Pb and Cd was also observed in the
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Fig.2 Box plots of toxic element and trace element concentration in tissues of dogs by sex: a As, b Cd, ¢ Pb, d Cu, and e Zn (* denoted

p<0.05)

kidney, which is no surprise as both metals can induce metal-
lothionein in the kidney. A significant positive correlation was
observed among trace elements in the liver. This agrees with a
previous report on cattle from Kabwe (Yabe et al. 2011). In fact,
Cu and Zn share chemical properties and interact with each other
during tissue metal accumulation (Irato and Albergoni 2005).
Limitations of the study included limited information
regarding the home range of stray dogs. While the obser-
vation that dogs sampled 7 km distance from the mine
site exhibited lower levels of Pb in their tissues is noted,
it falls short of establishing the actual extent of the dogs’
home range. Moreover, the study lacks information on the

@ Springer

movement of animals from the reference area. Without
comprehensive data on the behavior and movement pat-
terns of dogs from both areas, the study’s capacity to make
definitive conclusions regarding the boundaries of their
habitats and exposure to contaminants remains limited.

Conclusion

The Cd and Pb concentrations observed in stray dogs in
Kabwe were high in comparison to those found in dogs inhab-
iting minimal pollution. This study revealed an approximately
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p<0.05)

10 times increase in accumulation of toxic metals, specifi-
cally Cd and Pb, in several tissues of dogs living close to the
mine compared to dogs living farther away. Especially, the
highest concentration of As, Cd, and Pb was found in lungs,
kidney, and bone, respectively. Metals may accumulate in the
dog’s body because of continuous exposure, suggesting that
the pattern of metal accumulation may be similar in humans
residing around the mine. Therefore, metal toxicity must not
be taken lightly and to better understand the metal species,
present in the tissues of various other mammals for remedia-
tion reasons, more research should be done. Considering this,

brain (cerebrum)

spleen
heart
lungs
stomach
liver
bone
spleen
heart
lungs
stomach
liver
bone

brain (cerebrum)
kidney (cortex)
brain (cerebrum)
small intestine
kidney (cortex)

Far from the mine Near the mine

o O

AV
(SN

0
——
[mm ]
Lam o]
0
HTH
D
o

= £ g = © o 5 o
= ® W
8 § 2 ¢ £ & =z §
= 2 2 E § £t £ 2

& s & 8

@ 8

-

s 2

g B

M

Near the mine

of dogs by age: a As, b Cd, ¢ Pb, d Cu, and e Zn (* denoted

environmental remediation such as applying soil amendments,
phytoremediation, bioremediation, and covering and capping
the mine tailing is urgently required for human, animal, and
environmental health concerns in Kabwe where environmen-
tal pollution is still a problem.
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