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Growing populat ion and i ndus t r i a l i za t i on  coupled w i th  the in t roduct ion 
of modern in tens ive  ag r i cu l t u ra l  techniques invo tv ing  i r r i g a t i o n  are 
causing increas ing ly  heavy demands on water resources. The reuse 
of munic ipal  and i ndus t r i a l  waste water has become an a t t r a c t i v e  
option for  increasing water reserves in such areas (shuvat 1977). 
Reuse of waste for  ag r i cu l t u ra l  purposes may be p a r t i c u l a r l y  
a t t r a c t i v e  because i t  supp l ies  r i ch  organic content, par t  or even a l l  
of the nitrogen requ i red and essent ia l  nut r ients  (Shuman 1988). 
Moreover now a days the land d isposal  of sewage waste water is 
being considered as a cost e f fec t i ve  d isposa l  w i th  minimal 
environmental  impact (Visesman and Hammer 1985) and also as an 
e f f i c i en t  measure of abatment of po l lu t ion  of streams and r i v e r s .  

However, the reuse of manic ipaI  and i n d u s t r i a i  waste waters in 
farming has disadvantages.  The sewage water ca r r ies  a po ten t i a l l y  
dangerous load of heavy metals,  chemical contaminants, paras i tes  and 
m ic rob ia l  pathogens (Pe t ruzze l l i  1989). So the major problem 
associated w i th  waste water reuse in agr icu l tu re  is the r i s k  of 
communicabte diseases and infect ion (Mahajan 1987) and hence the 
workers  and community in such pol lu ted areas may have some 
occupational r i s k s  (Viswanathan 1985). The sewage contaminants may 
have an adverse impact on hematological and immunoiogicat 
parameters of the sewage workers .  Th is  had made many 
inves t iga to rs  to focus t h e i r  at tent ion on the immunotoxic ef fect  of 
these environmental  po l lu tants  on humans and on exper imentat  animals 
(Sheehan 1984). Therefore in the present study an attempt has been 
made to evaluate the ef fect  of sewage po l lu t ion  on occupational heal th 
of sewage farm workers .  

MATERIALS AND METHODS 

Madurai c i t y  is the second, la rgest  and most densely populated c i t y  
of Tami i  Nadu (9 '55 '  N 7'07 '02' E).  Th is  c i t y  is onty p a r t i a l l y  
sewered, and more than 70% of i t s  area tack sewage f a c i l i t i e s .  The 
domestic sewage and Indus t r ia t  e f f luents are col lected from Madura i -  
South at e ight  points of the c i t y .  From these subpumping s tat ions,  
sewage eff tuent is sent to Sandaipettai  main pumping stat ion.  F i na l l y  
from th i s  point ,  the waste water is pumped to Avaniapuram sewage 
farm (ASF) through pipe t ines.  
Send r e p r i n t  requests to K.Varadarajan at the above address.  
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The Avan iapu ram sewage farm (ASF) i s  loca ted  10 km away f rom the  
c i t y ,  s i t u a t e d  on the  way to Madu ra i  A i r p o r t .  The a v a i l a b l e  
r e c o r d s  at the  Madu ra i  C o r p o r a t i o n  ment ion t h a t  t h i s  farm was 
s t a r t e d  in  the  yea r  1910 by B r i t i s h e r s  i n i t i a l l y  w i t h  173 acres  and 
was f u r t h e r  ex tended  to 385 acres  at a l a t e r  s tage.  A t  p resen t ,  t he  
farm is  be ing managed by M a d u r a i  C o r p o r a t i o n .  185 acres  is  used 
f o r  c u l t i v a t i o n  of  f o d d e r  g rasses  and 32 acres  f o r  r a i s i n g  greens and 
vege tab les ,  bo th  i r r i g a t e d  w i t h  sewage w a t e r .  

The ASF r e c e i v e s  a p p r o x i m a t e l y  2 m i l l i o n  ga l l ons  of  sewage w a t e r  
e v e r y d a y  f rom Madu ra i  C i t y .  The  sewage e f f l u e n t  c o l l e c t e d  at t h i s  
farm i s  r e g u l a r l y  sub jec ted  to p h y s i c a l  sepa ra t i on  of  l i q u i d  sewage 
and sewage s ludge .  T h e r e  is  no chem ica l  o r  d i s i n f e c t a n t  t rea tmen t  
g i v e n  at any po i n t  of  c o l l e c t i o n ,  pumping  and i r r i g a t i o n  of sewage 
e f f l u e n t .  A t  p resen t ,  t h e r e  a re  a p p r o x i m a t e l y  42 mate w o r k e r s  are  
engaged in  t he  f a rm ing  w o r k ,  of  these ,  32 w o r k e r s  are  d i r e c t l y  
exposed  to the  sewage e f f l u e n t .  

The f o l l o w i n g  were  the  ' I n c l u s i o n  C r i t e r i a '  adapted  in se lec t i ng  the  
sewage farm w o r k e r s  f o r  i n v e s t i g a t i o n . a )  those who were  d i r e c t l y  
come in  contac t  w i t h  the  sewage e f f l u e n t  and sewage s ludges ,  b) 
those  who were  in emp loymen t  f o r  f i v e  c o n s e c u t i v e  yea rs  and above  
and c) male w o r k e r s  in  the  age g roup  of  20 to 55 y e a r s .  S i m i l a r l y ,  
the  ,Exc l us i on  c r i t e r i a '  e x e r c i s e d  was on the  f o l l o w i n g  l i n e s ;  i )  those  
who were  r e c e n t l y  emp loyed  were  not i n c l u d e d  and i i )  those  who 
were  c h r o n i c a l l y  s u f f e r i n g  f rom any major  i l l n e s s  such as, seve re  
anemia and t u b e r c l u o s i s  were  e x c l u d e d .  These sewage farm w o r k e r s  
were  compared w i t h  the  c o n t r o l  g r o u p .  Age - Matched and sex - 
matched h e a l t h y  sub jec t s  who were  l i v i n g  in  s i m i l a r  soc io -economic  
background  be long ing  to the  d i f f e r e n t  pa r t s  of the  c i t y  se r ved  as 
' Normal  C o n t r o l s ' ,  

To s t udy  the  h e a l t h  s ta tus  of fa rm w o r k e r s ,  the  f o l l o w i n g  pa ramete rs  
were  i n v e s t i g a t e d  in  bo th  e x p e r i m e n t a l  and c o n t r o l  g r o u p s ,  i )  To ta l  
and D i f f e r e n t i a l  l eucocy te  counts (TLC ~ DLC) ,  i i )  B lood hemog lob in  
l e v e l s  ( H b ) ,  iii) Serum to ta l  p r o t e i n ,  A l b u m i n ,  G l o b u l i n ,  
A l b u m i n / G l o b u l i n  r a t i o  and i v )  Serum Immunog tobu t in  l e v e l s .  

Venous b lood  ( lOmt)  was d rawn  f rom the  a n t e c u b i t a l  ve in  by means 
of  s t e r i l e  d i s p o s a b l e  s y r i n g e  a f t e r  su r face  s t e r i l i z a t i o n  of  the  area 
w i t h  e t h a n o l .  To a v o i d  c ross  con tam ina t i on ,  separa te  s y r i n g e s  and 
need les  were  used f o r  e v e r y  p r i c k .  To c a r r y  out t o t a l  and 
d i f f e r e n t i a l  l eucocy te  count  and to es t ima te  hemog lob in  con ten t ,  3m1 
of  b lood  was c o l l e c t e d  in  s t e r i l e  tube  con ta i n i ng  EDTA ( E t h y l e n e  
Diamine Te t r a  A c e t i c  A c i d ) ,  a p o w e r f u l  a n t i - c o a g u l a n t ,  s i m i l a r l y ,  
7ml of b lood  was d e l i v e r e d  i n t o  ano the r  tube  con ta in i ng  no coagu lan t ,  
kep t  for" serum s e p a r a t i o n  (Dacie and Lew is  1975).  

B lood samples  thus  c o l l e c t e d  w i t h o u t  coagu lant  were  i m m e d i a t e l y  
t r a n s p o r t e d  to the  l a b o r a t o r y  w i t h i n  an hou r  or  two .  When the  
b lood  has ~ i r m l y  c l o t t e d ,  the  samples were  then  s to red  in r e f r i g e r a t o r  
o v e r n i g h t  at  4 ~ C. Serum was then  separa ted  on the  f o l l o w i n g  day  as 

647 



per the method descr ibed by Dacie and Lewis (1975) and stored in 
storage v i a l s  at -20 ~ C t i l t  f u r t he r  ana lys i s .  

The f r e s h l y  drawn EDTA added blood samples from both control  and 
exper imenta l  subjects were brought to the labora to ry  w i th in  an hour 
a f te r  b leeding.  Using a Thoma-type WBC p ipe t te  and an Improved 
Neubauer Hemocytometer, the to ta l  leucocyte count (TLC) was made as 
out l ined by Samuvei (1986). The d i f f e r e n t i a l  leucocyte count was 
made fo l lowing the standard protocol  adopted in most of the c l i n i c a l  
labora to r ies  (Dacie and Lewis 1975). Est imat ion of the blood 
hemoglobin (Hb) of both control  and exper imenta l  subjects was done 
using Sah t i ' s  hemoglobinometer as out l ined by Dacie and Lewis 
(1975). Total  prote ins and albumins in the serum were est imated 
in v i t r o  by modi f ied Biuret  and Dumas method by using a d iagnost ic  
reagent k i t  supp l ied  by M/s Span diagnosis L t d . ,  Surat, Ind ia .  
Single Radial  Immunodif fusion (SRID) technique was empioyed to 
est imate the serum immunogtobutins IgG, IgA and IgM leve l s  in the 
serum samples according to Hudson and Kay (1989). For t h i s ,  ready 
to use sotugen plates suppl ied by M/s I rnmunodiagnostics Ltd.~ New 
Delhi  were used wi th  app rop r ia te  reference s tandards.  

RESULTS AND DISCUSSION 

The resu l ts  presented in Table 1. compare the to ta l  leucocyte count 
between control  and workers  group. The values obtained for  
contro ls f a l l  w i t h i n  the repor ted Indian normal range (Braunwatd et 
at .  1987). Contrary to the expectat ion of teucocytosis among 
workers  group, there is only & marginal increase of TLC (10%) over 
control  subjects.  However, t h i s  d i f fe rence was found to be 
s a t i s t i c a t l y  s ign i f i can t  at P <0.05 .  

Table 1. Total  leucocyte count (TLC) among hea l thy  subjects and 
sewage farm workers  (MEAN • SE) 

3 
Group Number of Leucocytes/mm Signi f icance 

Subjects 

Controls 20 8537.50• NS 

Exper imenta l  20 9402.50• P < 0.001 

Change 10.1~ 

NS = Not s t a t i s t i c a l l y  s ign i f i can t .  

There could be many reasons for  t h i s  c loser to normal response. 
One reasonable argument  could be phys io log ica l  adaptat ion of these 
workers  to the ex te rna l  s t i m u l i .  The other  reason could be that  
there was less number of pathogens crossed the in tes t ina l  b a r r i e r  
which d id  not resu l t  in perturbances in the YVBC count. Chronic 
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Table 2. D i f f e ren t i a l  Leucocyte Count (DLC) and Hemoglobin among 
Normal hea l thy  control  and Sewage farm workers  (MEAN • 
SE) 

Leucocyte Control Exper imenta l  Signif icance 
n=20 n=20 

Neut roph i ls  % 56.55_+0.90 58.30_+1.93 NS 

Eos inophi ls  % 2.40_+0.29 4.20_+0.89 P <0.05 

Lymphocytes % 29.40_+1.12 32.50_+1.44 P <0.1  

Monocytes % 4.00• 5.00+0.58 P <0.1  

Basophi ls  % ND ND 

Hemogloblin gm% 15.04• 13.04• P <0.01 

NS - Not s t a t i s t i c a l l y  s ign i f i can t  
N D -  Not detected 

infect ious state such as pulmonary tubercu los is  would resu l t  in 
teucocytosis in the af fected i n d i v i d u a l  (Dale 1980) o 

S i m i l a r l y ,  resu l ts  obtained for  d i f f e r e n t i a l  leucocyte count d id  not 
show any s t a t i s t i c a l l y  s ign i f i can t  dev ia t ion  in the exper imenta l  
group (Table 2).  However,  i f  the a v a i l a b l e  data is analysed at the 
i n d i v i d u a l  l e v e l ,  one can note an in teres t ing  observat ion w i th  
eos inoph i l  count. As compared to the average of 2.4% in control  
group and 4.2% in worker  group, two farm workers  e x h i b i t e d  
unusal ly  high eos inoph i l  count (15%). Th is  might be in par t ,  due to 
the chronic r e s p i r a t o r y  in fect ion or hookworm in festat ion which is a 
common occurence in Madurai due to poor environmental  hygiene and 
sanitar 'y condi t ions (Anthoniammal 1983). 

Table 3. Total  Serum Prote ins,  Albumins,  Globul ins and A/G Ratio 
among contro l  and workers  (MEAN • SE) 

Group Total Proteins Alubmin Globul in A/G ra t io  
n=20 g% g% g% g% 

Control ?.725• 4.456• 3.269• 1.684• 
0.294 0.2?1 0.321 0.265 

Exper imenta l  9.100• 5.274• 3.825• 1.838• 
0.456 0.266 0.411 0.277 

% Change 17.8% 18.3% 17.0~ 9.1% 
Signi f icance P < 0.01 P < 0. 002 NS NS 

NS - Not s t a t i s t i c a l l y  s ign i f i can t .  
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There is now abundant evidence to ind icate that  hookworm and other  
pa ras i t i c  in festat ion could cause hookworm anemia in few i n d i v i d u a l s  
(Park and Park 1989). Blood hemoglobin l eve l s  were est imated in 
the present study to check the prevalence of hookworm anemia and 
i ron def ic iency  in both control  and exper imenta l  groups. Except ing 
two workers  who e x h i b i t e d  a ve ry  tow Hb content (4gin%), a l l  o thers 
presented 'Closer to normal' p ic tu re  (Table 2) .  However, an e a r l i e r  
study conducted by Anthoniammal (1983) demonstrated a ve ry  high 
anemic condi t ion (73%) in and around Avaniapuram sewage farm 
coupled w i th  39% of hookworm in fes ta t ion.  D i spa r i t y  in these two 
observat ions could be a t t r i bu ted  to severa l  va r i ab les  inc luding 
subject se lect ion,  age, sex,  nu t r i t i ona l  status of the subject and the 
methodology fo l lowed in co l lect ion and examinat ion.  According to 
Holness (1989), the exposure to selenium reduced hemoglobin l eve l  
and increased anemia among copper re f i ne ry  workers .  But our study 
d id not show any d i r ec t  metal exposure of farm workers .  

Table 4. Serum Immunoglobutin l eve l s  among Normal hea l thy  
contro ls and Sewage farm workers  (MEAN +_ SE) 

Group Number of IgG IgA IgM 
subjects mg% rag% rag% 

Control 30 1063.04+_ 109.20+_ 102.00_+ 
82.75 4.33 4.39 

Ex p e r t -  20 1678.50+_ 174.20+_ 172.35+_ 
mental 75.33 11.94 22.04 

%Change 57.9% 59.5% 68.9% 
Signif icance P<0.001 P ~O. 001 P<O. 005 

Total serum prote ins albumin, g lobu l in ,  and A/G ra t io  were est imated 
among control  and exper imenta l  group and the resu l ts  are presented 
in Table 3. As compared to control  values,  there was 17.8% and 
18.3% increase in to ta l  prote in and albumin l eve l s  r e s p e c t i v e l y  in 
the exper imenta l  group. However the d i f ferences obtained for  
g lobu l in  l e ve l s  and A/G ra t io  were not s a t i s t i c a l l y  s ign i f i can t .  I t  is  
repor ted in the l i t e r a t u r e  that  reduct ion in to ta l  serum prote in  is  
associated wi th  m a l n u t r i t i o n ,  severe infect ion and diseased state 
(Delv in  1986). In the present s tudy ,  there is an e levat ion of serum 
prote in  and albumin l eve l s  which could be a t t r i bu ted  atteast in 
par t  to the adap t i ve  response to ex te rna l  s t ress .  

In an at tempt to evaluate the immunological status of the farm 
workers ,  serum Immunoglobulin l eve l s  - IgG, IgA and IgM were 
est imated and the resu l ts  are presented in Table 4. As compared to 
control  group, workers  group e x h i b i t e d  5?% increase in IgG which is 
s t a t i s t i c a l l y  s ign i f i can t  (Table 4) .  Serum IgG leve l  was also found 
etevated in disease condi t ions such as, Monoclonat gammopathies, 
Rheumatoid a r t h r i t i s ,  Infect ious h e p a t i t i s ,  Infect ious mononucleosis, 
Tubercu los is ,  Leprosy and in pa ras i t i c  in fect ions (Druty and G r a y b i l l  
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1984). Further, a var iety of bacterial products, some viruses or 
virus components, paras i tes  and other  substances may act as 
potyctonal  B-Lymphocyte  ac t i va to r s  resu l t ing  in e levated IgG l e v e l s .  

Increased IgG l eve l s  in farm workers  observed in the present study 
could be a t t r i bu ted  to the adap t i ve  humorai immune react ion against 
a complex set of antigens (Durty and M i l l s  1984). Also t h i s  
observat ion is in agreement w i th  the pa ras i t i c  in fect ion demonstrated 
in fecal  specimens of the workers .  

S im i l a r  to IgG, serum IgA l eve l s  were also found to be e levated in 
almost a l i  the workers  (Table 4 ) .  When the data was subjected to 
student ' t '  test  i t  was found t o  be s t a t i s t i c a l l y  s ign i f i can t .  The 
reason for  the marked increase in IgA could be mainly due to the 
chronic exposure to an a r ray  of complex set of bac te r ia l  products,  
v i ruses ,  paras i tes  and t h e i r  secre tary  components through ora l  route. 
Secretary IgA and serum IgA are produced in gut associated 
l y m p h o i d i t i s  and in the invas ion of pathogens. 

Serum IgM l eve l s  were also found to be s i gn i f i can t l y  e levated as 
that  of IgA and IgM (Table 4) .  Th is  class of immunogtobutin is 
produced in response to p r ima ry  ant ibody response to a l l  the 
antigens. Elevated l eve l s  of IgM in workers  group appears to be an 
important  observat ion ,  which may be suggestive of the ac t i va t ion  of 
IgM clones of B ce l ts  by bac te r ia l  l i popo l ysaach r i des  and clonaI 
ac t i va t ion  of CD5+B ce l l s  produced in the gut associated l ympho id  
t issue.  Th is  might mean an immunological defect in the regu la tory  
control  of B cel t  ac t i va t ion  resu l t ing  in excess IgM class an t ibod ies .  
Fur ther ,  t h i s  might also imp l y  that  these workers  group belonging to 
'High r i s k  groups'  who could develop autoimmune d i so rde rs  on 
chronic exposure to pathogenic micro organisms (Theof i lopoutos,  
1984). 

Acknowledgmen.ts. The authors express t h e i r  s incere thanks to 
Dr ,Pura tch iman i ,  Asst .  Prof .  of M ic rob io logy ,  D r .M .Y .Ga f fu r  Shah, 
Medical  O f f i ce r ,  Madurai Corporat ion and Of f i c ia ls  of Madurai 
Corporat ion fo r  p rov id i ng  necessary f a c i l i t i e s  to ca r r y  out t h i s  
work .  The f i r s t  author is  greatefut  to the Govt. of Tamitnadu, 
Ind ia for  h is  deputat ion to research under Faculty Improvement 
Programme. 

REFERENCES 

Anthoniammal M (1983) A study on the in tes t ina l  parasitic in fect ion 
as an occupational hazard among sewage farm workers  - 
Avaniapuram, Madurai .  M .Ph i t  thes is  submit ted to Madurai Kamaraj 
U n i v e r s i t y ,  Ind ia 

Braunwatd E, Isse ibacher  K J, Petersdor f  RG, Wilson JD, Mart in  JB, 
Fanci AS (1987) (Eds) H a r r i s o n ! s p r i n c i p t e  of in te rnat iona l  medicine 
Eleventh Ed i t ion .  McGraw H i l l  Book Company, New York.  

Dacie JV, Lewis SM (1975) Prac t i ca l  hematology. Engl ish language 
Book Society and Church i t ] L i v i ngs tone ,  New "Ybrk 

651 



Dale C (1980) A l te ra t ions  in Labora tory  f ind ings  - Abnormal i t ies  of 
leukocytes  In: P r i nc ip les  of in ternat iona l  medic ine,  In ternat iona l  
Stuent 's  Ed i t ion  1980 McGraw.Hi t1  Book Company, New -York 

Delv in  M (1986) Tex t  book of b iochemis t ry  w i th  c l i n i ca l  
co r re la t i ons .  A Wiley Medical  pub l i ca t ion ,  John Wiley ~ Sons, New 
York .  

Durty D J, Graybiil JR (1984) In: Basic and clinical immunology, 5th 
edition (ed) stiles Dr, stobo Jd, Fundenberg HH, ~ells V. Lange 
Medical Publications. pp.312-352 

Durty D J, Mitts J (1984) In: Basic and clinical immunology 5th 
edition (ed) Stiles Dr, Stobo Jd, Fundenberg, ~ells V. Lange 
Medical  Pub l ica t ion ,  pp .  197-222 

Hotness DL, Taraschuk IG, Nether.colt JR (1989) Health status of 
copper  r e f i ne r y  worke rs  w i th  spec i f i c  re ference to selenium 
exposure .  Arch of Envi ron Htth 4 4 : 2 9 1 - 2 9 7  

Hudson L, Hay Fc (1989) Prac t ica l  immunology, Black we l l  sc ien t i f i c  
pub l i ca t ion ,  Ox ford ,  London 

Mahajan G (1987) Ef fects of water  po l lu t ion  on heal th  In: Kumar P 
(ed) Environmental  Pol lu t ion and Health Hazards.  Asd ish 
Pub l ica t ions ,  New Delh i  

Pet ruzze l i  G (1989) Recycl ing wastes in ag r i cu l tu re :  Heavy metal 
b i o a v a i l a b i t [ t y .  Ag r i cu l tu re  Ecosystems Envi ron 2 7 : 4 9 3 - 5 0 3  

Park JE~ Park K (1989) Occupational hea l th ,  In: Tex t  book of 
p reven t i ve  and social  medicine, 12th ed i t ion.  M/s Banarsidas 
Bhanot Publ ishers~ Jabatpur,  Ind ia .  pp.420-435 

Sheehan PJ (1984) Ef fects on i nd i v i dua l s  and populat ions In: Sheehan 
P J, M i l l e r  DR, But le r  GC and Bourdeau Ph (eds) .  Ef fects of 
po l lu tants  at the Ecosystem Leve l ,  Scope 22. John Wiley ~ Sons 
L td .  New York 

Shuman LM (1988) Ef fect  of organic matter on the d i s t r i b u t i o n  of Mn, 
Cu, Fe and Zn in so i l  f rac t ions .  Soi l  Science 146: 192-198 

Shuvat HI (1977) Publ ic  heal th  cons iderat ions in waste water  and 
excre ta  reuse fo r  ag r i cu l t u re .  In: Feachem R~ McGarry M, Mare D 
(eds) water  waste and Health in Hot c l imates.  John ~Niley ~ Sons, 
New York 

Viessman JR, Hammer J (1985) Processing of s ludges.  In: Water 
supp ly  and po l lu t ion  cont ro l ,  4th ed i t i on .  Harper  and Raw 
Pub l i she rs ,  New York 

Viswanathan PN (1985) Environmental  tox ico logy  in In ida .  B io l  
membrane 1 1 : 8 8 - 9 8  

Received December 14, 1990; accepted September 7, 1991. 

652 


