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Abstract

This study aimed at determining Pb concentration in the blood of dogs raised in the environment polluted
by copper industry. The dogs were divided into groups by age and height. The results show that there is a strong
relationship between the age of dogs and Pb contents of canine blood. Besides, Pb content of small dogs was
markedly higher than that of large dogs. Comparative studies by other authores on Pb contents of blood in
children, adolescents and adults living under the same environmental conditions indicate that there is a close
relationship between Pb contents of human and canine blood.

Taking into account the observations mentioned above, the authors of the present study came to the
conclusion that canine blood can be a good indicator showing to what extent human health can be threatened by
lead. Analyzing Pb concentration in human and dog blood, the conversion factor for the comparison of dogs'

and human ages was used.
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Introduction

Overly high concentrations of heavy metals (especially
lead) are toxic to humans and animals. Environmental pol-
lution is steadily increasing as a result of inadequate utili-
zation of natural resources, the development of the chemi-
cal industry, non-ferrous metal processing, and traffic con-
gestion. For these reasons, constant toxicological surveil-
lance is a necessity. Compared to other European countries,
total Pb emissions in Poland are at comparable levels; but
there are areas where emission of this metal is much higher
[11]. Many researchers, biologists, chemists, physicians
and toxicologists agree that lead is one of the most hazar-
dous culprits, the more so that no positive impact of this
metal on metabolic processes has ever been reported [3].
There are 199 minerals known to contain lead. Lead ore
resources world-wide are estimated to 100 million tonnes.

Pb concentration in the natural environment has been
studied extensively. There are many interesting reports in
animal science, in which the researchers focus their atten-
tion on finding such animal organisms that would be suita-
ble bioindicators of the toxicological threat. For these re-
asons, Pb concentrations were measured in farm animals

(cattle, horses, sheep and pigs), bees and microorganisms.
Pb concentrations inform us about the presence or absence
of this element in the evironment, but they do not show the
relationships between Pb concentrations in humans and
animals. It is worth noting that animals used for this pur-
pose must live in the same environment as people, and
besides, their diets should be comparable as well. This dire-
cted our attention to dogs, as they are often treated as
family members. Their owners often give them the remains
from their table and they are also exposed to the same
environmental conditions. The dog is known to be the ol-
dest pet animal, as human-dog friendship is about 12,000
years old.

Pb compounds are absorbed by human and animal bo-
dies through alimentary and respiratory systems. They can
also be absorbed by intact skin. As has been estimated, non-
nutritional sources of lead intake (e.g. dust and soil) by
children can account for 75% [3, 9]. Exposure to Pb in
urban environments is much higher due to traffic combus-
tion and dusts containing tetraethyl lead. Other sources of
Pb are chimney fumes of local furnaces in which poor
quality coal is used as fuel. As has been reported, the
amount of Pb released during coal and coke burning (in
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Poland as much as 75% of energy is obtained from coal) is
comparable to that emitted by traffic vehicles [6]. Moreo-
ver, the mining industry and non-ferrous metal processing
plants are responsible for Pb emissions. In Poland, copper
plants are major culprits.

Pb concentration in blood is the only indicator of its
absorption, so interpretation of its effects on human and
animal health is possible provided that Pb contents of blood
are known [4, 7, 12].

The purpose of the present study was to determine Pb
concentrations in canine blood with respect to animals age
and height. The results obtained in the study were com-
pared with mean Pb concentrations in the blood of children
and adults living in the same environmental conditions, in
order to find whether dogs can be used as indicators of the
toxic effects of Pb in pollution-stricken areas.

Material and Methods

The investigation was conducted on dogs (mainly mon-
grels), raised in Glogow, a town situated 2-3 km (in straight
line) from the copper plant. In total, 45 dogs were selected
for the study and divided into 3 groups by age (A - between
6 months and 3 years, B - 4-8 years and C - 10-16 years of
age). The age groups were subdivided into 2 subgroups by
height (1 - small dogs up to 35 cm; 2 - dogs of 35-80 cm in
height). The dogs were kept by their owners in households,
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Fig. 1. Pb concentration (ug/l) in canine blood in relation to dog's
age.

Table 1. Pb concentration (ug/l) in canine blood in relation to
dog's age.

Standard Statistical
Age Means deviation differences
6 months to 3 years
(A) 89.36 20.80 Cb
4-8 years (B) 102.34 12.07 aC
10-16 years (C) 138.35 36.11 AB
Total mean 109.90
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Fig. 2. Mean Pb concentration (ug/l) in relation to dog's height.

Table 2. Pb concentration (ug/l) in canine blood in relation to
dog's height.

. Standard Statistical
Height Means deviation | differences
low (A) up to 35 cm 123.39 37.15 b
high (B) from 35 up
to 80 cm 98.51 21.00 a

* Common letters (a, b, c) indicate statistical differences at
p <0.05.

* Uppercase letters (A, B, C) indicate statistical differences at
p <0.01.

* Common letters (a, b, c) indicate statistical differences at
p <0.05.

were in normal physical condition and their diets were
similar to those of their owners, as they received scraps
from the table.

Pb contents of blood were determined by AAS (atomic
absorption spectrophotometry) using a Pye-Unicam SP-9.
Pb content of blood was determined at organic phase after
extraction of Pb complex from ammonium pyrolydindithio-
carbamate (APDC) with isopropyloacetone (MIBK) at wa-
velength = 217 pm, with deuter lamp for background cor-
rection. The data were converted into pg/l. The blood of
the same dogs was collected four times at 20-day intervals,
in the summer months (June-September) of 1997. The data
were analyzed statistically using an Excel programe.

Results and Discussion

Table 1 and Fig. 1 show Pb concentrations in canine
blood according to dogs' ages. Table 2 and Fig. 2 show
mean Pb concentrations in canine blood, depending on he-
ight. Table 3 shows mean Pb concentrations in relation to
age and height. Table 4 shows mean Pb concentrations in
children's blood reported by different authors. As can be
seen in Table 1, the differences in Pb concentration in
canine blood of different age groups are statistically sig-
nificant, or highly significant. Pb concentrations averaged
89.36 ug/l in the youngest age group (6 months to 3 years),
102.34 pg/l in the group of animals between 4 and 8 years
of age, and 138.35 pg/l in the oldest group, between 10 and
16 years of age. Highly significant differences in Pb con-
tents of canine blood were observed between the youngest
and the oldest animals and between medium-aged and the
oldest group. The differences between the youngest and
medium-aged groups were significant. It can, therefore, be
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Table 3. Pb concentration (ug/l) in canine blood in relation
to dog's age and height

Table 4. Pb concentration (ug/l) in children's blood (Glogow and
nearby villages)

. Standard Statistical
Age Height Mean deviation differences
young low (A) | 117.87 10.46 B
0.6-4 years | high (B) 79.00 11.38 A
mean low (A) 99.18 11.61
4-8 years high (B) | 104.56 12.49
old low (A) 150.50 46.47
10-16 years | high (B) 124,18 948

* Uppercase letters (A, B) indicate statistical differences at
p<0.01.

concluded that there is a relationship between Pb content of
canine blood and age. The highest Pb concentration was
found in blood of the oldest animals, whereas Pb concent-
ration in blood of the youngest dogs was at the lowest level
(Table 1, Fig. 1).

Relationships in humans are different, which can be
seen in the investigations carried out by Jakubowski [4, 5].
Pb contents of human blood were the highest in men (87.57
pg/l), next in children (66.71 pg/l) and the lowest in wo-
men (55.14 pg/l). This is likely due to the fact that the
majority of men are employed in industry, where the ex-
posure to Pb is severe. In children, Pb absorption from the
digestive system is five-fold higher than in adults and, besi-
des, the food conversion ratio in children is higher than in
adults [9]. Children often put various inedible objects in
their mouths, lick their fingers, and in this way introduce
Pb into their bodies. The lowest Pb concentrations were
found in women, whose lifestyles and habits are different
from those of men and children. These factors do not apply
to dogs, therefore, it seems very likely that Pb concent-
ration in dogs depends on the time of exposure.

Comparison of Pb concentrations in dogs in relation to
their height shows significant differences. Pb concentra-
tions in small dogs (up to 35 cm in height) amounted to 123
pg/l, as compared to 98.5 pg/l in large dogs (Table 2, Fig.
2). The explanation is simple-small dogs walking in the
streets breathe in the air, which is low above the ground,
and thus, absorb more dust containing lead. Larger dogs
breathe in less polluted air, hence significant differences in
Pb concentrations between the two groups (Table 2, Fig. 2).
The analysis of Pb concentrations by age groups (subdivi-
ded into small and large dogs) shows that significant dif-
ferences occurred only in young animals (Table 3). Pb con-
tents of canine blood in the medium-aged group were ap-
proximately the same. Mean Pb concentration in the oldest
group of small dogs was higher (150.5 ug/l) than that of
large dogs (124.1 pg/l), so the tendency had been main-
tained, albeit no significant differences were found.

Bearing in mind the fact that animal and human diets
are similar and so are the environmental conditions in
which they live, an attempt has been made to compare
average Pb concentrations in canine and children's blood.
Table 4 shows mean Pb concentrations in children's blood
(residents of Glogow and nearby villages). The results ob-
tained by various authors [1, 2, 13, 15, 16] in 1991-1996
indicate that the mean Pb concentration in children's blood
amounted to 102.5 pg/l (Table 4). In 1997 Pb concentration

No | Mean Region Author Ref.
1 171 | Zukowice 1991 Jakubowski 1991 2
2 96 | Grodziec Maly 1991 Jakubowski 1991 2
3 156 | Glogdw 1991 Rudkowski &
Pietraszkiewicz 1992 11
4 | 131 | Zukowice 1992 Zareba & Rudkowski
1994 16
5 92 | Zukowice 1993 Zargba & Rudkowski
1994 16
6 80 | Kotla 1993 Zargba & Rudkowski
1994 16
7 69 | Glogbw 1994 Pietraszkiewicz et al.,
1994 13
8 88 | Zukowice 1994 Zargba & Rudkowski
1994 16
9 80 | Kotla 1994 Zareba & Rudkowski
1994 16
10 81 | Rudna 1994 Bakonska-Pacoi et al.,
1994 |
1 82 | gm. Zukowice 1996 | Strugata-Stawik et al.,
1996 15
12 75 | gm. Kotla 1996 Strugala-Stawik et al.,
1996 15
mean
total | 102.9
mean
1993-
-1996 | 80.87

in blood of all the age groups of dogs averaged 109.9 ug/I.
These values are approximate and comparable.

However, it is worth noting that in recent years Pb con-
centration in the vicinity of the copper plant of Gtogow has
markedly decreased [2, 8], which has been confirmed in Pb
contents of children's blood [14]. If we compare Pb con-
tents of children's blood in 1993-1996 [1, 10, 14, 15, 16]
(which decreased and averaged 80.8 pg/l) to the means
obtained for young dogs in 1997 (x - 89.3 ug/l), then we
shall see that the values are approximate to each other. Pb
concentration in older dogs averaged 120.3 g/l (Table 1),
which corresponds to the mean Pb concentration in adults
(117.5 pg/l) [4]. Life expectancy of dogs is much shorter
than that of people, but the age of dogs can be converted
into the corresponding human age. Assuming that the dogs
in the age group between 6 months and 3 years correspond
to humans at 10 to 20 years of age, the dogs aged 4 to
8 years correspond to humans at 28-48 years of age and the
dogs aged 10 to 16 years correspond to humans at 52 to
80 years of age. Taking into acount what has been said
heretoforth, Pb concentration found in dogs aged 6 months
to 3 years corresponds to that found in children and adoles-
cents, Pb concentration of older dogs (4-8 years of
age) corresponds to that of adults, while the values found
in dogs aged 10-16 years correspond to those of elderly
people.
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In summary, we can conclude that Pb content of canine
blood can be considered a reliable indicator of the threat
caused by this metal to human health.

Conclusions

1. Domestic dogs raised in areas polluted by lead can be
considered good indicators of the threat caused by this me
tal to human health.

2. Pb content of canine blood depends on the time of
a dog's exposure to this metal and increases significantly
with the animal's age.

3. Pb concentration in canine blood depends on the
dog's height, as this is connected with the contents of air
breathed in by the animal.
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