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Rapid i n d u s t r i a l i z a t i o n  and urbanizat ion coupled w i th  modern 
ag r i cu l tu ra t  techniques not only create po l lu t ion  problems but are 
also a major th rea t  to environmental  p u r i t y .  The sewage water  
washed away from indus t r ies  and mun i c i pa l i t y  are disposed on land 
as a means of d isposat  and recyc l i ng .  The reuse of waste water and 
sludges from these sources for  ag r i cu l tu re  is a benef ic ia t  opt ion in 
increasing crop product ion.  The sewage water and sludge of 
i ndus t r ies  and mun ic ipa l i t i es  suppty ni t rogen, organic carbon and 
other  p lant  nut r ients  (Shuman 1988). At the same t ime the dangers 
associated w i th  the metats, xenob io t i cs ,  paras i tes  and pathogens 
present in the sewage water and sludge (Brains et at.  1989) have 
become matters of socia l  and sc i en t i f i c  concern. The contaminants and 
paras i tes  inf luence the blood parameters in d i f f e ren t  species of 
animals (Schalm et at .  1975). The present study was undertaken to 
inves t iga te  the ef fect  of sewage pot lu t ion on the hemototogical and 
biochemical  parameters of the cat t le  grazed on the pasture land 
i r r i g a t e d  w i th  sewage water or  fed by fodder  grown on sewage water 
and sludge. 

MATERIALS AND METHODS 

The present inves t iga t ion  was ca r r i ed  out in a sewage d isposa l  area 
of Madurai City, Tamil Nadu, India (9'55" N 7 ~ 07 '02' E); 
Avaniapuram Sewage Farm (ASF). This farm receives 2 million 
gallons of sewage water everyday from Madurai city through a closed 
drainage system. The sewage water is disposed onto ASF land where 
fodder grasses like buffalo grass, guinea grass and paddy are raised 
to meet the nutritional requirements of cattle present around 
the disposal site area. The cattie that were fed with fodder grown 
on sewage i r r i g a t e d  area may have the chance of in fect ion w i th  
paras i tes  and pathogens or contaminated w i th  xenobio t ics  and heavy 
metals e i t h e r  d i r e c t l y  from the so i l  or i n d i r e c t t y  through food chain 
t rans iocat ion.  
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T h i r t y  two lactat ing cows were selected from Avaniapuram sewage 
farm (ASF) area which grazed the sewage water i r r i g a t e d  pasture 
land or were fed by the fodder  grown on the so i l  i r r i g a t e d  w i th  
sewage water or so i l  amended wi th  sludge. This  served as the 
exper imenta l  group. Control cows were selected from two d a i r y  
farms,  v i z .  Th iagara ja r  Mi t ts  d a i r y  farm and K .T .K .  d a i r y  farm at 
Thirumangatam, Madurai D i s t r i c t ,  I n d i a . ,  20 mites away from ASF 
which ne i ther  grazed the waste water d isposa l  area nor were fed by 
the fodder  grasses grown on sewage water d isposa l  so i l  or sludge 
amended so i l .  A to ta l  of 30 Lactating control  cows were selected,  14 
from Th iagara jar  M i l t s  d a i r y  farm and 16 from K .T .K .  d a i r y  farm. 
ALl the sample animaLs were apparen t l y  hea l thy  and were in t h i r d  to 
f i f t h  lactat ion (5 to 7 years o l d ) .  The parameters e luc idated were 

i) Total and D i f f e ren t i a l  leucocyte counts (TLC and DLC) 
i t )  Total  e r y t h r o c y t e  count (TEC) 
i i i )  BLood hemoglobin (Hb) 
i v )  Packed cel t  Volume (PCV) 
v) Serum Total Protein (TSP), Albumin (A) ,  GlobuLin 

Albumin/GLobul in ra t io  (A/G ra t io )  
(G) and 

BLood samples were col lected from each i n d i v i d u a l  cow by jugular 
venepuncture by means of a s t e r i l e  d isposable  syr inge a f te r  surface 
s t e r i l i z a t i o n  of the area wi th  ethanol.  To avoid cross contamination 
separate syr inges and needles were used for  each sample. To ca r ry  
out hemotological parameters;  Total and D i f f e ren t i a l  leucocyte count 
(TLC and DLC), Total e r y t h r o c y t e  count (TEC), HemogLobin (Hb) and 
packed ceLL volume (PCV), 5ml of blood was col lected from each 
i nd i v i dua l  into a set of s t e r i l e  tubes containing an ant icoagulant,  
dipotassium ethy lene diamine te t raacet ic  acid (EDTA). 

The bLood sampLes of both exper imenta l  and control  cows col lected 
in anticoagulant tubes were brought to the tabora tory  w i t h i n  an hour 
a f te r  bLeeding. Using a Thomas type WBC pipette and an Improved 
Neubauer Hemocytometer, the to ta l  Leucocyte count (TLC) was 
est imated as out l ined by Dacie and Lewis (1975). The d i f f e r e n t i a l  
leucocyte count (DLC) was made using the standard protocol  adopted 
by Dacie and Lewis (1975). HemogLobin was est imated in blood 
sam pies of both control  and ex per[mentaL groups using Sahi i  ' s 
hemogtobinometer as ca r r i ed  out by Dacie and Lewis (1975). Total  
e r y t h r o c y t e  count (TEC) and Packed cel t  volume (PCV) were 
determined as descr ibed by Bray (1957). 

Total  prote in and albumins in the serum were est imated in v i t r o  
using a d iagnost ic  reagent k i t  supp l ied by M/S Span Diagnostic 
Pvt .  L t d . ,  Surat, Ind ia  by modi f ied Biuret  and Dumas method 
(Var ley  1980). Serum g lobu l in  and Atbumin/Gtobui in  ra t io  were 
calculated from the values of to ta l  prote in and albumin.  

RESULTS AND DISCUSSION 

The resu l ts  presented in TabLe 1. compare the to ta l  leucocyte count 
(TLC) between control  and exper imenta l  cows. The values obtained 
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fo r  contro ls far ts  w i t h i n  the repor ted normat range of cows. The 
leucocyte count of the exper imenta l  group is about 9.3% below the 
range of the control  group, 

Mean TLC i n  exper imenter  cows appeared to be af fected by sewage 
pot lu t ion .  I t  was apparent that  there was a wide va r i a t i on  in TLC 
between i n d i v i d u a l s .  The reason for  the lower count in exper imenta l  
group may be due to i t s  a b i t i t y  to produce a leucocytos is  in 
response to pa ras i t i c  in fect ion (Wilson and Pault 1982) and WBC 
values of the exper imenta l  group were s i m i l a r  to one invest iga ted by 
Wilson and Pault (1982) in red deer.  Th is  observat ion is atso in 
agreement wi th  the pa ras i t i c  in fect ion demonstrated e lsewhere during 
the course of study in fecal  specimens of the exper imenta l  cows. 
The chronic in fect ious state such as pulmonary tubercu los is  would 
resu l t  in leucocytos is  in the affected i n d i v i d u a l .  The lower  TLC in 
exper imenta l  cows was s i m i l a r  to the f ind ings of Deshpande et a l .  
(1987) in non-pregnant and tactat ing cows. The decrease of TLC in 
exper imenta l  group fed by sewage i r r i g a t e d  so i l  grown fodder  
grasses may be due to the s t imula t ion of co r t i cos te ro id  product ion 
from adrenal  cor tex which in turn leads to a reduct ion in the 
number of c i r cu la t ing  leucocytes through suppression of tymphocytes 
(McDonald 1980). 

The study revealed that  the d i f f e r e n t i a l  teucocyte counts va ry  
marked ly  between i n d i v i d u a l s .  This  was in agreement wi th  f ind ings 
of Witson and Pault (1982). 

The percentage of neu t roph i l s  ranged from 16 to 50%~ lymphocytes  
from 43 to 74%~ monocytes from 2 to 6% and eos inophi ls  from 2 to 
12% (Table 1). The average percentage of lymphocytes (L%) was 
h igher  than the average percentage of neu t roph i l s  (N%). When 
compared to controt cows~ the percentage of neut roph i ts  of the 
exper imenta l  group was low (4%). The mean percentage lymphocytes  
of the exper imenta l  group was h igher  s i gn i f i can t l y  (P < 0.05) than 
the control  group. The mean percentage of monocytes and 
eos inophi ts  of the control  group 4.73% and 6,6% respec t i ve t y  were 
h igher  than the mean percentage of the exper imenta l  group 3.8% and 
4.7% r e p e c t i v e l y .  

The percentage of l ymphocytes  of both control  and exper imenta l  
groups of t h i s  study was h igher  56.26% and 60.37% r e s p e c t i v e l y  than 
the neut roph i ts  32.4% and 31.12% r e s p e c t i v e l y .  Th is  was s i m i l a r  to 
the observat ions of Schalm et at .  (1975) in sheep and carr ie .  They 
have shown that  N% averaged 30% and 25% r e s p e c t i v e l y  in sheep and 
ca t t le  and L% averaged 62% and 58% r e s p e c t i v e l y .  Th is  was in 
contrast  to the onservat ion of Wilson and Pault (1982) in red deer 
where N% averaged 53.9% and L% averaged 37.2%. The mean 
neutrophi l9 eos inoph i l  and monocyte percentages were lower in the 
exper imenta l  group than the control  group. This  might be due to 
the product ion of co r t i cos te r iods  (Mc Donatd) ~ 1980). But the 
tymphocyte  percentage was h igher  (7.3%) in the exper imenter  group. 
This e levated trend of l ymphocy tes  was a phy i s i o l og i ca t  adaptat ion 
i n  the exper imenta l  cows due to i t s  exposure to bacteria~ v i ruses  
and paras i tes  d i r e c t l y  and through food chain.  
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Tabte 1 : Totat leucocyte count (TLC),  D i f fe ren t ia t  leucocyte count 
(DLC), Totat e r y t h r o c y t e  count (TEC), Hemogtobin (Hb) 
and Packed cett  votume (PCV) of control and 
exper imentat  groups. 

Mean + SE 

Parameters Controt Exper imentat  Percent 
group group decrease or 
n=30 n=32 increase 

over  control 

Total Leucocyte 6.38+0.15 5.79+0.17 - 9.2% 
count (TLC) 
Thousand / cm m 

Neu~rophits % 32.40+1.17 31.13+1.43 - 3.9% 

Eosinoph i t s  % 6.60+0.32 4.69+0.32 -29.0% 

Lymphocytes % 56.27+1.69 60.38+1.38@ + 7.4% 

Monocytes % 4.73+0.39 3.81+0.21 -19.5% 

Totat e r t h r y o c y t e  
count (TEC) 
M l i t  ion/cmm 6.66+0.09 5.38+0.16 - 19.2% 

Hemoglobin % 13.32+0.17 10.72+O.31 -19.5% 

Packed cel t  
Volume % 40.15+0.51 32.38+0.98 -19.4% 

@ Signi f icant  P < 0.05 

The total e r y t h r o c y t e  count (TEC), Packed ce i l  votume (PCV) and 
Hemoglobin (Hb) (Table 1) showed a tower t rend of 19%, 19% and 20% 
respec t i ve t y  in exper imentat  cows than the control  group. When 
subjected to student ' t '  test~ the trend was not s t a t i s t i c a l l y  
s ign i f i can t .  

The mean values of TEC~ PCV and Hb were in agreement to the 
f ind ings of Chaudhr i  et at .  (1988) in the Fasciota gigant ica infected 
buf fa loes,  The pa ras i t i c  examinat ion of feces in the exper imenta l  
group e lsewhere in the present study revealed a heavy load of 
paras i tes  and th i s  pa ras i t i c  in fect ion might  be the reason for  tow 
percentage of TEC~ PCV and Hb in the study group. The feeding 
hab i ts  of some of the paras i tes in the ea r l y  stages and mechanical 
toss of blood through in t rahepa t i c  hemorrhages might have caused 
the low TEC~ PCV and Hb%. The values of these parameters were in 
contrast to the values repor ted by Schalm et at.  (1975). According 
to Guyton ( 1981 ) ,  increased TEC and PCV condi t ion catted 
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e r y t h r o p o i e s i s  occurs  t h r o u g h  s t i m u t a t o r y  e f f ec t s  of  t i s sue  h y p o x i a  
on e r y t h r o p o i e t i n  p r o d u c t i o n .  

Brood hemog lob in  revers  es t ima ted  in  e x p e r i m e n t a l  g roup  showed a 
tow percentage (10.7%) than  the  con t r o t  g roup  (13.3%).  T h i s  t ower  
t rend  of  hemogtob in  i n d i c a t e s  the  p reva tence  of p a r a s i t i c  i n f e s t a t i o n  
and i r o n  d e f i c i e n c y .  The va tue  of  PCV was t owe r  in  e x p e r i m e n t a t  
cows (5%) than  the  c o n t r o l .  T h i s  o b s e r v a t i o n  was s i m i t a r  to t ha t  of  
G o p a l a k r i s h n a  rao et a t .  (1981) in  ongoie cows.  

The s t u d y  of  C h a u d h r i  et a t .  (1988) had shown t ha t  the  bu f fa toes  
i n fec ted  w i t h  F a s c i o t i a s i s  su f f e red  f rom no rmoch rom ic  n o r m o c y t i c  
anemia w h i c h  had been i n d i c a t e d  by  s i g n i f i c a n t t y  d e c t i n i n g  va tue  of 
TEC~ Hb, and PCV. 

The mean vatues of To ta t  Serum Prote in~ Atbumin~ G tobu t i n  and 
A l b u m i n / g t o b u t i n  r a t i o  were  p resen ted  in  the  Tab le  2. The to ta t  
serum p r o t e i n s  and g t o b u t i n s  of  the  c o n t r o l  g roup  revea ted  an 
e l e v a t e d  t r end  8.4% and 24.3% r e s p e c t i v e l y  o v e r  the  e x p e r i m e n t a l  
g r o u p .  But  i n t e r e s t i n g i y ~  the  revers  of a l b u m i n  and A/G r a t i o  were  
s i g n i f i c a n t t y  (P < 0.01 and P < 0.001 r e s p e c t i v e t y )  h i g h e r  in  the  
e x p e r i m e n t a l  g r o u p .  The i nc rease  of a l bum in  and A/G r a t i o  was 9.7% 
and 48.8% r e s p e c t i v e l y  o v e r  the  c o n t r o l  cows.  

T a b l e  9.: To ta t  Pro te in~ Atbumin~ G tobu t i n  and A l b u m i n / G t o b u t i n  
r a t i o  among c o n t r o l  and e x p e r i m e n t a l  g r o u p s .  

Mean + SE 

Group To ta l  A l b u m i n  G t o b u l i n  A/G 
P ro te i n  r a t i o  

g% g% 9% g% 

C o n t r o l  5 .399  2 .190  3 .209  0 .709  
n=30 • • • • 

0 .092 0.055 0 .098 0~ 

Ex p e r i m e n t a t  0 .980 2.403 2. 580 1.055 
n=32 + + + -+ 

0 .214 0 .058 0.212 0.091 

%Change - 9.7% - 48.8% 
S i g n i f i -  
cant  NS P < 0.01 NS P < 0.001 

The tow c o n c e n t r a t i o n s  of  to ta t  serum p r o t e i n  and g t o b u t i n  cou ld  be 
a t t r i b u t e d  to i n t e s t i n a l ,  managemental  and e n v i r o n m e n t a l  f a c t o r s  
( K u t k a r a n i  et a t .  1983).  The p resen t  s t u d y  on the  e f f ec t  of  sewage 
p o l l u t i o n  on l i v e  s tock  have  r e v e a l e d  the  presence of  p a r a s i t e s ,  
x e n o b i o t i c s  and h e a v y m e t e l s  in  so i l s~  sewage s ludge ,  sewage wa te r  
f o d d e r  g rasses  and o t h e r  p l an t s  of  the  sewage w a t e r  d i s p o s a l  s i t e .  
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These f i n d i n g s  were  in  agreement w i t h  K u l k a r a n i  et a t ,  (1983) .  
A v a i l a b l e  i n f o r m a t i o n  r e v e a l e d  t h a t  r e d u c t i o n  in  TSP is  assoc ia ted  
w i t h  m a t m u t r i t i o n ,  seve re  i n f e c t i o n  and d iseased  s ta tes  ( D e l v i n  
1985).  

In the  p resen t  o b s e r v a t i o n ,  the  mean va lue  of t o t a l  serum p r o t e i n  
was 5.39 g% in  the  c o n t r o l  g roup  and 4 .98 g% in  the  e x p e r i m e n t a l  
g roup .  The  s i g n i f i c a n t  f a l l  in  va lues  of t he  TSP in  t he  e x p e r i m e n t a l  
g roup  cou ld  be a t t r i b u t e d  to the  e x t e n s i v e  damage to the  l i v e r  
pa ranchyma caused by p a r a s i t i c  i n f e c t i o n s .  These r e s u l t s  were  in  
agreement w i t h  the  o b s e r v a t i o n  of C h a u d h r i  et a l .  (1988) who 
r e p o r t e d  a decrease in  TSP va lues  in  goats i n f ec ted  w i t h  F . g i g a n t i c a  
and F . h e p a t i c a .  The v a r i a t i o n  in  the  r e s u l t s  was a lso  shown by  
C h a u d h r i  et a l .  (1988) and the  absence of c o r r e l a t i o n  between 
f a s c i o l i a s i s  and t o t a l  serum p r o t e i n  cou ld  be a t t r i b u t e d  to the  
d i f f e r e n c e s  in  s e v e r i t y  and d u r a t i o n  of  i n f e c t i o n .  

The r e s u l t s  shown in  Tab le  2 i n d i c a t e d  an i nc reased  l e v e l  of  a l b u m i n  
and a decreased l e v e l  of g l o b u l i n  in  the  e x p e r i m e n t a l  g r o u p .  But  
S i d d i q u a  et a l .  (1989) had r e p o r t e d  t h a t  the  mean l e v e l  of t o t a l  
serum p r o t e i n  and a l b u m i n  were  found to have  decreased in  goats 
n a t u r a l l y  i n f ec ted  w i t h  i n t e s t i n a l  p a r a s i t e s  and serum g l o b u l i n  
content  on the  o t h e r  hand was found to have  i nc reased  o v e r  the  
c o n t r o l .  The decrease in  serum a l bum in  and inc rease  in  serum 
g l o b u l i n  d u r i n g  p a r a s i t i c  i n f e c t i o n  was a lso  r e p o r t e d  by S i d d i q u a  et 
a l .  (1989) f o r  d i f f e r e n t  spec ies  of an ima l s .  But  t he  p resen t  
i n v e s t i g a t i o n  was in  con t r as t  to the  f i n d i n g s  of S i d d i q u a  et a l .  
(1989) .  I t  was r e p o r t e d  t h a t  g a s t r o i n t e s t i n a l  p a r a s i t i e s  i n f l uence  the  
b lood pa ramete rs  in  d i f f e r e n t  spec ies  of an ima ls  (Schalm et a l .  
1975). 

The tow serum a l bum in  l e v e l ,  a c o n d i t i o n  ca t ted  hypoa tbumenaemia  
was c o r r e l a t e d  w i t h  the  reduced f e r t i l i t y  and hypoa ibumenaemic  cows 
r e q u i r e d  more number  of s e r v i c e s  f o r  concep t ion  than  the  cows 
h a v i n g  3.15 g% of h i g h e r  concen t ra t i on  of serum a l b u m i n ,  Though 
the  mean l e v e I  of serum a l b u m i n  in  the  e x p e r i m e n t a l  g roup  was be low 
the  r e q u i r e d  va lue  needed f o r  normal  concep t ion  (3 .15  g%), the  
e x p e r i m e n t a l  cows d i d  not s u f f e r  a reduced  f e r t i l i t y .  

The mean va lue  of  A/G r a t i o  in  the  e x p e r i m e n t a I  g roup  was 
s i g n i f i c a n t l y  h i g h e r  (P < 0 .001)  than  the  c o n t r o l  g roup .  T h i s  
e l eva ted  A/G r a t i o  i e v e i  cou ld  be a t t r i b u t e d  at l eas t  in  p a r t  to t he  
a d a p t i v e  response to e x t e r n a l  s t i m u i i .  The i nc rease  in  A/G r a t i o  
was the  r e s u l t  of a c o m p a r a t i v e l y  major  r i s e  in  a l bum in  va lues  in  
compar i son  to g l o b u l i n .  These f i n d i n g s  were  in  c o n f i r m a t i o n  w i t h  
those  r e p o r t e d  by  Schalm et a t .  (1975) .  

The decrease in  the  l e v e l s  of d i f f e r e n t  hemo to log i ca I  pa ramete rs  and 
the  s i g n i f i c a n t  i nc rease  of t y m p h o c y t e s  and t o t a l  p r o t e i n s  s t r o n g l y  
suggest t h a t  sewage d i s p o s a l  had an impac t  on hemo to l og i ca l  and 
b i o c h e m i c a l  pa ramete rs  of d a i r y  cows.  
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