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STUDIES ON ENVIRONMENTAL POLLUTION WITH LEAD ON

SOME BLOOD SERUM BIOCHEMICAL CHANGES AND BLOOD

PICTURE IN DRAUGHT HORSES IN ASSIUT GOVERNORATE
M. N. Abd—El—Salam* A. A. Ali** and Z. M. Zaky***

*Dept. of Animal Med. Fac. of Vet. Med., Assiut Umversnty, **Animal Health Rresearch Institute.
Assiut Laboratory and ~ Dept. of Forensic Me(_l. & Tox., Fac. of Vet. Med., Assiut University

Looking for causes of poor performance, wasting and earlier sentlity and deaths than expeeted, of
working horses in our area was the main goals of the present study. Accordingly blood, neck hair,
tecal and serum samples were collected from 40 horses aging from 7-15 years old. 0f them 28 carrying
cars (Hantor Cars)horses working in the streets of Aboutige and Assiut cities. The other 12 horses are
kept on pasture at the villages of Assiut and Aboutige cities far away from highways, where they are
not exposed to environmental pollution with lead. These appeared apparently clinically heaithy and
were used as control. Clinical examination of all animals in the investigation was done. Lead was
estimated in the blood, neck hair and fecal samples of:all examined animals by atomic absorption
spectrophotometer, while serum samples were blo-chemically analyzed by spectrophotometer using
chemical kits for some blood parameters sueh as glucose, urea, creatinine, total protein, albumin,
globulin & A/G ratio, ALT, AST, AP and CK. Heparinised blood samples were used for haemogram using

" automatic blood cell counter. Our resuits revealed that the working horses showed poor performance,
wasting, dullness, anemia and poor general condition with slightly increased shallow, difficult
breathing and slightly increased, weak heart rats (32- 40 and 54 - 64/min) respectively: There was a
significant (p <0.01) higher content in lead (ppm)in the samples collected from working horses than
that of control group. Microcytic hypochromic anemia was found in the working horses group. There
was a significant (P <0.01) decrease in serum glucose level associated with significant (P <0.01)
increase in blood urea and creatinine in working horses than that of the control glfogp. .Ahypo-

" albuminemia and hyperglobinemia were also evident in the lead-exposed horses. No. significant
changes were found in serum TP and ALT, although therewas a significant (P < 0.01) increase in the
levels of serum AST, AP and CK In the working horses than the control. The lead pollution from
automobile exhausts in Assiut and Aboutige cities is high and the long term exposure of the working
horses to this pollution has a harmful effect on the liver, kidneys and adverse effect on the processes
of erythrogenesis and utilization of‘iron stores of the body, which in turn is responsible for their poor
performance, wasting, peor body condition, earlier senility and deaths than expected.
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INTRODUCTION : (14%). The remainder consists of lead, which is
o/ s .
Lead (Pb) is a co cause of poisoning of down 90% since 1983, when it was banned from

domestic animals throughout the world. gasoline, and a myriad of other compounds
Nowadays considerable amounts of Pb have considered under the category of hazardous air
been mobilized into the environment. The lead pollutants (Raymond et al, 1995). The authors
derived from petrol additives contributes not  2dded that .for; apy, ‘“““":"l’; +geality. this
only to the intake through inhalations but also - exfmsslon lplctu;_ can{v%wnmefe);h t;;wclmty
to the intake, through ingestion as a result of ol a sme ter;” fo amp le, 5 oxidés, metals

fallout from vehicle exhaustion nearly food ©+andfor b articlate’ matter ' dominate the
crops (WHO, 1972). Organic lead used as a pollutant proﬁle, .wlnlemsuburban areas where
the automobnle is the main source of pollution,

gasoline additives is the current chief source of - carbo Sdé: Volatil i 4
envxronmental lead pollutlon (Waldron and car n , o :‘e,.Voa ¢ orgll ¢ compounds
© ‘afid “hitrogeil’ oxides predominate. Environ-

Stofeny 1974). Envu-onmental pollution with
mental air pollution with Pb and Cd in Assiut

lead is a common assurance in cities and near Go » ‘ rted (Sharka p
major highways, where pasture is contaminated vernorate was - repo (Shar Wy an
Rateb 2000). Looking for causes of poor

by exhaust fumes of automobiles. In some
locations near lead smelters, lead  poisaning is performance, wastmg and earlier senility and
o e o deaths than expected vof working horses in our

considered -.to: be a predictable occurrenge din | .
herses. High: lead levels . have been. reportedn.. 'areawasthe mmngoals ofthepresentstudy.
the -3tmospheres,; soil and.vegetation. (Aronson,

1978;--Burrows et al, 1981 and: Burrows -andioag
Borchard 1982). Lead :is- considered one:of the:;

Lo mporiant environmental:i pollutant!: i g v, i i 40 horses aging from 718
introduced into the environment threagh :the - years 01 d them 28 carrying cars (Hantor

soil, air or water«sourees. It wabsorbed&fs@m g C rs‘)“ horses U (Flgnre 1) from Aboutige and

the alimentary tract as acetate or carbowate #nd : lut o txes (Egyp f). The other 12 horses

its blood levél provides- a reliable indibatich of i @ o3

the lead status of ' the animal (Antonioui et's lgure 2) are ept on pasture at the villages of
R . . lllt and Aboutlge cities far away from

1989). Lead is oné¢’'of the commonest causés/ofo 124

poisoning in"farm animals particularly “cattie; ! 45T ’i:‘ly w here they are not exposed to the

e &nyqonmental pollutlon with lead. These
sheep ‘and Horses’ ‘(Blood and Radostits 1‘589)
eared apparently clinically healthy and were
The imtho’rs vadded that horses appear to’ be

s ”,usetl as control. Clinical examination of all
animals in the investigation was done (Kelly,
1974). Lead concentrations in blood, hair and
feces were determined by atomic absorption
spectrophotometer (G B C 906 Atomic
Absorption). Samples were prepared for-atomic
absorption assay by a nitric acid modification of
a previously described precipitation method
* (Slavin and Sprague 1964). Heparinized blood

samples were used for haemogram using

MATERIALSAND ND METHODS :

Q. ¥

‘?Blood, ﬁeck hair, fecal and serum samples

on the same pasture. In term of tons of

:anthropogemc matenal emitted annually, five
major air pollutants account for 98% of
pbllution: carbon monoxide (52%), sulfer oxides
(14%),, volatile organic compounds (14%),
particular matter (4%) and nitrogen oxides
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automatic. blood cell counter (Cell dyne 1700,
Abott Company)). While serum levels of
glucose, urea, creatinine, total protein, albumin,
ALT,AST, AP and CK. were estimated

spectrophotometry (Cecil CE292, Digital uv

spectrophotometer) using chemical kits suppliedA
by Boehringer Mannheim (Germany) after the
methods of Trinder (1969); Chaney and
Marbach (1963); Sheling and Wust (1969);
Weichselbaum (1946); Doumas, et al (1971);
Reitman and Frankel (1957); Belifield and
Goldberg (1971) and Mercer (1974) respectively

Statistical analysis was done (Kalton, 1967)
using Student’s “t” Test to calculate the
significance between control and working
horses group. Probability values 0.05 and 0.01

were considered statistically significant.

RESULTS:

Clinical examination of the investigated
‘horses illustrates the healthy condition of the
control group, while working horses showed
poor performance, wasting, dullness, anemic
mucous membrane and poor body condition

(Figure 3) . with ‘slightly increased shallow,
difficult Arespiratory and slightly increased,
weak heart rats (32-40 and 54-64/min)
respectively. There was a significant (p<0.01)
increase in content of lead (ppm) in the samples
collected from working horses than that kept
far away from highways (Table 1 and Figure 4).
The variance in lead levels between the two
groups were higher in blood followed by hair
then feces. Examination of heparinized blood
samples revealed a microcytic hypochromic
anemia in the working horses group (Table 2).
Biochemical serum analysis indicate significant
(p<0.01) decrease in serum glucoese and
significant (p< 0.01) increase in urea, creatinine,
AST, AP and CK in working horses than
control one (Table 3). Hypoalbumineamia and
hyperglobineamia associated with significant
(p<0.01) decrease in A/G ratio. were also
recorded in working horses group.

This investigation could revealed that the
second group (working group) is lead exposed
through their exposure to the surrounding
environment.

Table (1): lead levels (ppm) in blood, fecal and hair samples.

Working horses (n=28) Control horses (n=12)
Range 0.39-0.71 0.075-0.13
Blood
Mean iS.D 0.65 £0.04** 0.115 £ 0.025
P Range 275-78.6 7.5-38.7
eces
Mean £S.D 46.5 3 7.8** 30.2+6.9
Hai Range 11.5-33.8 55-128
air
Mean +S.D 26.8 +5.6** 8.55+2.39
**: Pp<0.01.
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Table (2): Haemogram® in lead-exposed and non-exposed horses.

Parameter Working liorses (n= 28) - Control horses (n=12)
- 3.47-6.78 6.89-9.23
RBC’s (x10% ¢ ) (629-523)
¥ G 6.6 £1.35%+ 82+0.78
. 4.50 ~12.20 11.93-15 .1
HB gm/d) (4.50 - ) (; ~15.17)
R . 9.1£2.42% 14.5 £0.47
_ L. (245+293) i (3497 -41.85)
PCV%
AR . 282+£6.42%* 3754175
o .. (317-475) . (41.37-47.79)
MCV (fl.)
_ : e A2TE2.52% 45.7£0.72
- - (1243 -16.72) 14.76 - 19.73
MCH (pg.)
S 13.79 £ 0.53** 17.7+1.26
- (3331~ 40.61 36.34—42.9
MCHC (gr/d) & ) (36.3 5)
L 323+1.13* 38.7+0.92
Table (3): Serum biochemical analysis® of lead- exposed and ron-exposed herses.
Parameter ' Working horses (0= 28) Control horses (n=12)
' 35.6 - 62.0 45.7-70.2
Glucose (mg/dl) ( : ) ¢ )
N 47.4£7.49** 57.6%7.2
(475-81.6) (20.040.8)
U dl .. oy
res (me/dl) 57.649.44 %+ 3154644
b 0.98—1. ‘0.43—6.68 BESHEE
Creatinine (mg/dl) . ( 6 ( .«--)=-;:~_~
14030 **. 0.52 £ 0.11
537-1.74) (6.15-1.83)
Total protei dl .
otal protein (gm/dl) 6.8 £001 73105
1.51-3.28 3.03-4.34
Albumin (gm/dl) ( ) ¢ 34)
2.6+ 0.55 ** 3.810.43
3.26 - 5.04 .. (2.55-4.15
Glebulin (gnvdi) G.26 ) ( )
4.2 £0.71** 331052
A/G ratio (0.36 - 1.81) (0.88 - 1.68)
0.60 = 0.20 ** 1.2+029
4.0-17.0 4.0-21.0
ALT (LUJL) ¢ ) (4.0-21.0)
6.743.11 9.0 £5.96
41.0 - 76.0 19.0-52.0
AST (LU./L) ( ) ( )
57.9 £ 11.48 ** 39.7 £11.84
(157.05-245.09) (90.88 -177.22)
AP (LU./L)
e 198.3428.5% * 146.3 £34.75
8.10 - 32.38 .10-16.
CK (LU./L) ( ) (8.10-16.19)
16.6 £ 8.96** 9.7 +3.41

#: Values represent range and mean + SD

**: P<0.01
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(1): Carrying car (Hantor car orking horse.

Figure (3): Working horse shows poor body condition, wasting and dullness
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Figure (4): Lead levels (ppm) in blood, feces and hair.
DISCUSSION : degree of pollution due to urbanization, the

In the living animal with lead poisoning,
levels of lead could be detected in blood, feces,
hair, urine and milk. The estimation of blood
levels is generally useful for determining the
lead exposure of the animal and used most
frequently to insure a clinical diagnosis of lead
poisoning. Fecal level of lead represent
unabsorbed and excreted lead deriving from the
bones. Analysis for lead performed on blood
and feces from the same animal can give some
indication of the type of exposure involved. High
values for the blood and feces indicate a
relatively recent exposure, while high values in
the blood but not in the feces indicates an
exposure much further back in time (Allcrofit,
1951). In rural areas, levels of Pbin air of 0.1
pg/m’ or less are found depending upon the
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amount of lead in city air range from 1-3 pg/m’
and will occasionally be much higher under
peak traffic conditions (WHO, 1972). It may be
assumed that the intake of lead by inhalation in
cities could on occasion be 100 pg/day.
Environmental poliution can be monitored by
analysis of blood, hair, feces and tissues
(Mehénnaoui et al., 1988). Background levels of
blood tAk‘;aad in animals and man can give an idea
in order to a certain the exact extent of
environmental lead pollution specially in areas.
around lead mines and in cities with higher
automobile densities (Adaudi et al., 1990). The
authors added that background blood lead is
the concentration of lead in whole blood
resulted from the daily exposure to lead, which
doses not produce, any clinical evidence of
disease.




-

Ass. Univ. Bull. Environ. Res. Vol. 5 No. 2, October 2002

The clinical signs that observed on the
working horses, in the form of poor
performance, wasting, dullness, anemia,
shallow, = difficulty breathing and weak rapid
heart sounds can illustrate a ‘high level of
exposure of these animals to environmental lead
pollution from automobiles exhausts and other
industrial emissions and reflect the harmful
effects of the lead pollution on the general

_healthy condition of the exposed animals. Lead

damages  ATPase responsible for ATP
production and utilization therefor it can
interfere with oxidative metabolism (Mustafa et
al., 1971). Blood lead level reflects the quantity
of biologically active lead in the blood and it is a
goud estimate of current exposure (Vahter et al.,
1991). Lead levels in blood greater than 0.3 ppm
are usually considered indicative of toxicity and
levels of 0.5 to 0.7 ppm have been associated
with severe clinical signs (Kowalczky 1981).
High blood and low fecal levels of Pb indicate
that the lead was taken in some weeks
previously but high blood and high fecal levels
suggest recent ingestion and significant
absorptlon (Blood and Radostlts 1989)

Our results of lead level in blood (0.165 +
0.025 ppm) of control horses (control) were
higher than that suggested by Egan and O’Cuill
(1970), who found that in horses normal figure
of blood, level of lead varies from 0.04 to 0.10
ppm. While our results of lead levels in the
blood in working horses (0.65 = 0.04) were
higher than those obtained by Egan and O’Cuill
(1970), who found that in horses with
accumulative poisoning the blood level of lead
was 0.28— 0.44 ppm, they were lower than that

_obtained by Sharkawy and Rateb (2000), who

found lead level of 2.08 + 0.169 ppm in blood
sainples of horses collected randomly from
Assiut Governorate. The authors suggest that
these higher levels of lead may return to
contamination of feed stuffs and drinking water
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with Pb or/and pollution of the environmental

" air with Pb. Environmental pollutlon ‘with

heavy metals especially that of major health
effects like Pb and Cd in Assiut Governorate
was’ suggcsted also prevmusly by Sharkawy and
Rateb (2000)

: " Our results of lead level in hair in workmg
horses (Table, 1) illustrate that hair represent a
pathway of excretory mechanism of the lead
and suggest a long term of exposure of these

_ammals to high level of environmental lead

pollutlon

The microcytic hypochromic anemia (Table; 2)

found in working horses indicates a high level of
exposure and illustrates the adverse effect of
lead poisoning on the process of erythrogenesis
and the utilization of store iron of the bedy.
Lead causes inhibition of the enzyme delta
aminolevulenic acid dehydratase (ALA-D),
resulting in failure of utilization of delta
aminolevulenic acid which is excreted in
mcreased quantities in the urine (Goyer and
Rhyne 1973). Anemia in chronic lead poisoning
is caused by tow basic defects: a shortened
erythrocyte life span and impairment of hem
synthesis  (George and Duncan 1981). .The
authors added that lead causes increased
concentration of protoporphyrin by inhibiting
hem synthetase, .the enzyme which combines
protoporphyrin. _and iron to form hem.
However, our results are not agree with that
found by Sharkawy and Rateb (2000), who
found no significant changes in RBC’s and PCV
values in horses blood collected randomly from
Assiut Governorate, although envnronmental
contamination with Pb and Cd has been
suggested by the authors.

The alterations in the levels of serum
estimated parameters such as significant
(p<0.01) decrease in glucose, significant (p<0.01)
increase in urea, creatinine, AST, AP and CK in
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lead-exposed  horses; than non-exposed. one
(Table 3) can  indicate exposure to a large
amount of lead and exyplain the damage effect of
lead on the kidneys and liver. However this can

mot._be, only, refurn to the harmful effects of

chronic lead poisoning, but also environmental
contammanon wnth cadmmm, which has similar
effects can be involved m the procees resulting
in addmve effects. Moreover other iliness can be
alse mcluded; whiclx resulting in mcreasmg
moblhzatlon of lead from lts deposits in the
bones to a lmut that exceed the bmdmg capacity

of the erythrocytes and serum albumin and

* passage of free, ionized iénd to’liver and kidneys

and other “tissties.” Lédd 'is known to affect the
structure ‘and function of various organs and
tissues, including the brain, kidney and liver. In

'kxdney, lead damages the proximal convoluted
“tubular cells ahd indiites acid fast intra-nuclear
* inclusion Bodies (Gdyer, 1991). Harmful levels
‘of lead can be accumulated in tissues, after

prolonged exposure to low quantities

" (Humpfreys, 1991). The author added that an

" increase of free or ionized lead only occurs when
” the binding capacity of erythrocytes and plasma
" protein is exceeded after exposure to a relative

large amount of lead. Environmental lead

" contamination is often combined with cadmium,
" whith’ has similar - effects to those of lead

(Radostlts et "al, 2000). 'Environmental
containihation with Pb and Cd was reported in
Assiut Governorate by Sharkawy and Rateb
(2000).7) A

The hypoalbumineamm in workmg horses
than control one explamed by the effect of lead
on the albumm ‘synthesis in the llver, whlle the
hyperglobmaemm found in these animals may
refer to persist stimulation of immune response
by continuous exposure to lead pollution, which

‘when prolonged leads to immune suppression

and hvpoglobmaemla, or may be compensatory

~ to the hypoalbumidic status in these working
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horses. Lead poisoning has a toxic effect on
sulfydryl-, earboxyl- and imidazole-containing
protein and membrane protein (Fell, 1984). 1t
can be concluded that our results revealed that
lead pollution in Assiut and Aboutige cities is a
fact. The long term exposure of the working
horses to this lead pollution has a harmful effect
on the liver, kidneys, adverse effect on the
processes of erythrogenesis and utilization of
iron stores of the body and interfere with
oxidative metabolism, which in turn is
responsible for their poor performance,
wasting, poor body condition, earlier senility
and deaths than expected. Therefor periodical
monitoring of the level of lead in air pollution
should be done and supplementation of the
animals with antioxidant vitamins such as

vitamin A, C and E, calcium source and high

protein diet for working horses should be
dominate to minimize the harmful effect of lead
poisoning.
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