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Abstract

The study aimed to examine the accumulation pattern and concentrations of heavy metals and minerals in different
tissues of dogs (hair, kidney, brain, liver). Additionally, it explored the feasibility of utilizing these samples for
identifying potential environmental impacts associated with these pollutants.

ICP-MS was used to analyse the samples for concentrations of heavy metals. The obtained values were assessed
considering various factors that could impact the levels of minerals and metals in the organisms of animals, including
age, gender, and habitat.

Generally, heavy metals recorded higher levels in the hair, liver and kidneys of dogs living outdoors compared to the
ones living indoors. Of all types of samples lead had the highest levels in female dogs, in dogs younger than 5 years and
in those living outdoors. The results also show that hair, among all samples, plays a significant role for the evaluation
of heavy metals pollution.
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INTRODUCTION definition are metals with relatively high
densities and high atomic mass. Some of them
Pollution is the undesirable physical, chemical are essential for human health but they can
and biological alterations that occur in air,  become toxic in larger amounts or forms. One
water and soil following the action of  of the reasons they are so toxic is related to
anthropogenic and natural sources. With the  their ability to stop the absorption, metabolism
alarming growth in global population, the  and use of essential minerals, leading to their
release of potentially toxic substances deficiency (Jaishankar et al., 2014). The
continues to be one of the greatest challenges  accumulation of xenobiotics depends on several
the global society has to face. factors, especially physiological conditions and
The widespread use of heavy metals across habitats (Badea et al., 2017; Goran et al.,
industrial, domestic, agricultural, medical, and 2017a; Goran et al., 2017b; Poon et al., 2004).
technological sectors has led to their pervasive  Dogs represent a very good indicator of the
presence in the environment. Once released, pollution load on the environment because they
these metals display resistance to natural  inhabit the same space with us and are exposed
degradation processes and persist indefinitely  to the same pollutants (Nageeb Rashed &
in certain organs and body systems, posing  Soltan, 2005; Park et al., 2005). By analysing
significant health risks. the different organs and their ability to
Unlike organic pollutants, heavy metals once  accumulate heavy metals we can acquire a
introduced into the environment cannot be  better understanding of their metabolism and
biodegraded and they persist indefinitely in  kinetics (Badea et al., 2016b; Badea et al.,
certain organs and body system causing serious ~ 2018; Combs et al., 1982; Jafari, 2016; Kolachi
health problems (Adams et al., 2006; Badea et et al., 2012; Roug et al., 2015; Singh et al.,
al., 2016a; Hernandez-Moreno et al., 2013; 2011).
Michalak et al., 2012; Poon et al.,, 2004; The aim of this study is to investigate the
Tchounwou et al., 2012). Heavy metals by  pattern of accumulation and content of some
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heavy metals and minerals in various tissues of
dogs (hair, kidney, brain, liver) taking into
consideration their sex, age and habitat and the
possibility of using such samples to
biologically monitoring of the environmental
pollution.

MATERIALS AND METHODS

Hair, liver, kidney and brain samples were
collected from the cadavers of 12 dogs
belonging to different breeds, the majority of
them being mixed-breed that were raised in the
Bucharest area (Table 1). Following the
collection of anamnestic data such as sex, age,
habitat and the pathological findings while they
were still alive, all dogs were evaluated as
clinically unhealthy.

Table 1. Studied dogs’ samples depending on habitat,

age and sex
Indoor 4 1;/[ :’;
Habitat M 3
Outdoor 8 F 5
<5 6 M 3
Ace F 3
g s . M 3
F 3

The hair samples were collected from the flank
region, the liver samples were collected from
each lobe, the kidney samples were collected
from the medulla and cortical regions and the
brain samples were collected in their whole.
Each sample was packaged in plastic bags,
labelled and transported to the laboratory where

they were stored in the freezer. Each sample
was numbered and the following data were
noted: breed, sex, age, weight, habitat and
pathology.

All tissues and hair samples were weighed to
0.01 g and placed in polypropylene tubes.
Samples were then disintegrated by cold wet
mineralisation, adding to each sample 5 ml of
HNO: and 1 ml of HCI. After the complete
disintegration, ultrapure water was added in
each sample up to the volume of 10 ml. The
disintegrated samples were analysed by ICP-
MS.

Statistical analysis was performed using
VassarStats software: Website for Statistical
Computation (http://vassarstats.net/). For all
samples' mineral concentrations One-Way
ANOVA was performed, and when ANOVA
generated p<0.05, all-pair Tukey HSD Test was
carried out for the comparison of the averages.

RESULTS AND DISCUSSIONS

The mean Zn, Pb and Cd contents of hair and
tissues samples from the studied dogs
depending on habitat, age and sex are
presented in Table 2, Table 3 and Table 4,
respectively, and expressed as ppm.

The hair of female dogs showed a significantly
different higher mean level of Zn than the male
dogs’ hair samples. In the brain of male dogs,
significantly high mean levels of Zn (p=0.03)
were detected, compared to those in females
(Figure 1).

Table 2. Mean mineral levels in dogs’ hair, liver, kidney, and brain samples, depending on habitat (ppm)

Indoor Outdoor
Habitat

L K B H L K B
Zn 79.823 18.407 11.803 6.265 | 84.539 25.728 14.186 6.136
Pb 0.699 0.051 0.052 0.013 | 2.002 0.609 0.109 0.069
Cd 0.044 0.074 0323 0.005| 0.071 0.046 0.169 0.005

H-hair, L-liver, K-kidney, B-brain

Table 3. Mean mineral levels in dogs’ hair, liver, kidney, and brain samples, depending on age (ppm)

Age <5 years old >5 years old

H L K B H L K B
Zn 6.113 82751 83.183 6.245| 14.058 23.528 21.142 12.725
Pb  0.102 2.077 1.059 0.012 | 0.139 0.763  0.082  0.041
Cd 0.006 0.079 0.045 0.004 | 0.150 0.039 0.071  0.290

H-hair, L-liver, K-kidney, B-brain
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Table 4. Mean mineral levels in dogs” hair, liver, kidney, and brain samples, depending on sex (ppm)

Male Female
Sex
H L K B H L K B
Zn 14340 21.836 12.600 6.530 | 83.435 25360 13.515 5.828
Pb 1.202  0.101 0.058 0.017 1.934 0.744  0.122 0.084
Cd 0.069  0.069 0.293 0.006 0.056  0.041 0.147 0.004

H-hair, L-liver, K-kidney, B-brain

In both liver and kidney samples of female
dogs, levels of Zn were not significantly
different (p=0.8) compared to liver and kidney
samples of males.
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Figure 1. Mean Zn levels in dogs’ hair, liver, kidney, and
brain samples, depending on sex

In a study on heavy metals concentration in
dogs’ hair, Zn showed the highest levels,
followed by Pb (Tomza-Marciniak et al., 2012).
In correlation with the results reported in
another study, Zn levels were higher in female
dogs than in males (Hayashi et al., 1981), but
not significantly different. Most of the
minerals, such as Zn, are needed in small
quantities in the brain, therefore lower levels of
this mineral were detected in the brain
compared to hair or the other tissues.
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Figure 2. Mean Pb levels in dogs’ hair, liver, kidney, and
brain samples, depending on sex

In all studied hair and tissues samples of female
dogs, mean Pb concentration were higher
(»>0.05) than in male dogs, but not
significantly different (Figure 2). In correlation
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with the results reported by Hayashi et al.
(1981), Pb levels were higher in female dogs
than in males. Due to slow brain excretion,
excessive accumulation of Pb is observed in
the brain of dogs, similar to what was detected
in the rat’s cerebral cortex (Li et al., 2015).
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Figure 3. Mean Cd levels in dogs’ hair, liver, kidney, and
brain samples, depending on sex

The Cd mean levels in the hair and tissues
samples from the male dogs were
insignificantly different (p>0.05) than in female
dogs’ samples (Figure 3).
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Figure 4. Mean Zn levels in dogs’ hair, liver, kidney, and
brain samples, depending on age

The hair and brain samples from dogs older
than 5 years showed insignificantly higher
mean levels of Zn (p>0.05) than younger dogs,
while the Zn mean levels of dogs younger than
5 years in liver and kidney samples were
insignificantly higher (»>0.05) than in those of
dogs older than 5 years (Figure 4). Zn showed a
negative correlation between the hair and the
age of the dogs as previously reported by Park



et al. (2005). The sex of the animals has only
minor impact on the concentrations of the
elements in the kidney, as has been observed by
Hermoso de Mendoza et al. (2011), but
differences depending on age of the animals are
observed. Goran et al. (2020) reported that Zn
mean levels in hair samples from female cats
showed insignificant differences across various
health statuses, and in all animals regardless of
age or health condition.
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Figure 5. Mean Pb levels in dogs’ hair, liver, kidney, and
brain samples, depending on age

The hair and brain samples of dogs older than 5
years showed insignificantly higher Pb mean
concentrations (p>0.05) than those of younger
dogs (Figure 5). In the liver and kidney samples
of younger dogs insignificantly higher Pb
concentrations (p>0.05) were detected than in
those from the older ones. In this study, the
concentration of Pb in dog hair is slightly
increased with the age as it has been previously
observed by Park et al. (2005).
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Figure 6. Mean Cd levels in dogs’ hair, liver, kidney, and
brain samples, depending on age

Cd concentrations were higher in liver samples
in young dogs compared to old dogs, and
higher in hair, kidney, and brain samples in
older dogs compared to young dogs, however
the differences were not statistically significant
(p>0.05) (Figure 6). In this study, the
concentration of Cd in dog hair increases with
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the age as it has been previously observed by
Park et al. (2005). PaBlack et al. (2014)
reported that Cd content in the feline liver
doesn’t show an increase with the animals’ age.
The hair of dogs living outdoor showed an
insignificantly different higher mean level of
Zn (p>0.05) than the hair of dogs living indoor.
In addition, the highest Zn mean concentration
was detected, among all the studied samples
types, in hair samples, independent of the
habitat (Figure 7). The liver and kidney of
outdoor dogs showed insignificant higher Zn
levels (p>0.05) than those of indoor dogs. In
the brain of dogs living indoor insignificantly
different mean levels of Zn (p>0.05) were
detected compared to those in the brain of dogs
living outdoor, and the lowest Zn mean
concentration was detected in this type of
sample independent of habitat.
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Figure 7. Mean Zn levels in dogs’ hair, liver, kidney, and
brain samples, depending on habitat

The results from this study show a higher
accumulation of Zn in the kidneys compared to
Pb and Cd as observed in a previous study on
fish from the Arabian Gulf by Ashraf (2005).

In the study on felines by PafBllack et al. (2014),
Zn was detected with the highest levels in the
liver, followed by the kidneys.
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Figure 8. Mean Pb levels in dogs’ hair, liver, kidney,
and brain samples, depending on habitat



In all types of samples of dogs living outdoor
insignificantly different higher Pb mean
concentrations (p>0.05) were detected than in
dogs living indoor, and, independent of the
habitat, the highest Pb mean concentration was
detected in hair (Figure 8).

The hair of dogs living outdoor showed
insignificantly different Cd mean levels
(»>0.05) than indoor dogs. In the liver and
kidney samples of indoor dogs an
insignificantly different Cd higher mean
concentration was detected than in outdoor
dogs® liver and kidney samples, and,
independent of habitat, the highest Cd mean
concentration was detected in kidney samples
(Figure 9).
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Figure 9. Mean Cd levels in dogs’ hair, liver, kidney,
and brain samples, depending on habitat

Both indoor and outdoor dogs showed the same
Cd mean concentrations in the brain samples.

CONCLUSIONS

Generally, heavy metals recorded higher levels
in the hair, liver and kidneys of dogs living
outdoors compared to the ones living indoors.
Pb showed higher levels in the hair, liver and
kidneys of dogs living outdoor compared to the
ones living indoors.

The highest levels of Zn were detected in the
liver, kidney and brain of dogs younger than 5
years compared to older dogs, and in the hair of
dogs living outdoor.

Zn levels were higher in the hair of female dogs
and in the brain samples of male dogs.

Of all types of samples, Pb had the highest
levels in female dogs, in dogs younger than 5
years and in those living outdoors.

In all types of samples Pb had the highest levels
in female dogs, in dogs younger than 5 years
and in those living outdoor.
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Male dogs showed higher accumulation of Cd
in all studied samples compared to female
dogs.

Independent of habitat, the highest Cd mean
concentration was detected in kidney samples.
Analysing heavy metals especially in hair, of
all the studied samples, may be valuable as a
means of biologically monitoring the metallic
elements pollution.
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