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A b s tra c t
Effluems from iweniy Ribbed Smoked Sheet (RSS) processing units and the well water from the same compound were studied 
for ihe pollution poranicicrs. The effluents were acidic and were above the recommended safe limits with regard to total solids, 
dissolved solids. Biological Oxygen Demand (BOD). Chemical Oxygen Demand (COD) and nitrogen. The total bacterial and 
Lhc Most probable Number (MPN) counts for coliforms were also high. Ninety per cent o f the well water near the processing 
units were acidic with pH less than 6.5. which is below the minimum standard prescribed. However, other physico-chcmical 
parameters were within the safe limit. Bui the total bacterial and MPN counts for coliforms in all the well water samples were 
high. Organic coniamination o f these welJs. which may favour paihogcnic bacicria) contaminaiion. is indicaicd by the presence 
of E.coli 'in the wells. But ihe pH of the wells in an area away from rubber processing units was within the safe limit. These wells 
were also free from contamination by £. coll. Since the wells near the effluent disposal points showed higher values for the 
various parameters, probable influence o f the processing effluent is suspected.
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In tro d u c tio n

M ore than 60 per cent o f  the natural rubber in India 
is processed in the form  o f R ibbed Sm oked Sheets (RSS). 
The w ater con ten t in latex, w ater used fo r its dilution 
prior to coagulation , organic non-rubber substances in 
latex and the acid used for coagulation  constitu te  the 
effluent o f  sheet processing. O n an average, 10 L  o f 
wastew-ater is disposed as liquid w aste p er kg o f  dry 
rubber. T his effluent contain ing proteins, sugars, lipids, 
carotenoids, inorganic and organic salts form s a  very good 
substrate for the proliferation o f  m icroorganism s (RRIM , 
1974). A s th e  ty p e s  o f  R S S  p ro c e s s in g  u n its  are 
num erous and scattered throughout the ru b b er grow ing 
areas, they pose serious environm ental concern .

M ost o f  the R SS processing  units a re  in sm ai) 
hom estead rubber plantations, w hich have w ells in the 
sam e com pound. T he w ater from  the w ells is utilized

both  fo r rubber processing and fo r dom estic purposes. 
A s the effluent from  the processing unit is o ften  disposed 
o ff  to the sam e  land  w ithou t any  trea tm en t, it may 
contam inate the nearby  well w ater. H ence a  study was 
c a rr ie d  ou t to  a sse ss  the p o llu tio n  load o f  the R SS 
processing effluents and the m icrobial contam ination in 
the nearby wells.

M a te r ia ls  a n d  M e th o d s

Tw enty R SS  processing  units in the K alloorkad 
Panchayai o f  E m ak u lam  D istric t w ere selected fo r the 
study. The daily  production o f  R SS  and the quantity  o f 
effluent generated  w ere  recorded. E ffluen ts from  these 
u n its  w ere  c o lle c te d  fro m  th e  d isp o sa l end  o f  the  
p ro c e ss in g  u n it. T w en ty  w a te r  sa m p le s  w ere  a lso  
collected from  the w ells in the sam e com pound w'here 
the processing units w ere situated. W ater sam ples from  
five  w ells from  an area w ith no  R SS processing units
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serv ed  a s  co n tro l. E fflu e n t and  w a te r  sam p les  w ere  
co llec ted  in p o ly thene  containers fo r physico-chem ical 
p roperties and  in s terilized  bottles fo r  bacterio log ical 
analysis. D istance  o f  the  w ells from  the p rocessing  units 
w as a lso  m easured. E ffluen t and w ater sam ples w ere 
a n a ly s e d  fo r  th e  fo l lo w in g  p h y s ic o -c h e m ic a l  and  
bacterio log ical p ro p ertie s  as per the  standard  m ethods 
(A PH A , 1974).

T h e  p h y s i c o - c h e m ic a l  p a r a m e te r s  s tu d ie d  
included pH . e lec trical conductiv ity  (E C ), to tal so lids 
(T S ), d is so lv e d  s o lid s  (D S ), B io c h e m ic a l O x y g en  
D em and (B O D ), C hem ical O xygen D em and  (C O D ), 
D isso lved  O xygen (D O ) and Total H ardness (TH )

T h e  m ic ro b ia l  a s sa y  o f  the  e fflu en t w as a lso  
p e r f o r m e d  f o l lo w in g  s ta n d a rd  p r o c e d u r e s .  T h e  
bacterio log ical observations recorded w ere total coun t. 
M o st P ro b a b le  N u m b e r  (M P N ) c o u n t p re sen ce  and 
num ber o f  co lifo rm s, p resence  o f  faecal co lifo rm s and 
E. colt.

R e su lts  a n d  D iscussion  

S u rv e y  o f  R SS  p ro c e ss in g  u n its

T h e  average production  o f  R SS in the p rocessing  
units u n d er study w as 20 kg/day and the genera tion  o f  
effluen t w as 10 L /kg  o f  dry rubber. T h e  e ffluen t w as 
com m only  d isposed  to  the land nearby  in these un its 
w ithou t any  treatm ent. The mean d istance  betw een  the 
p r o c e s s in g  u n i t  a n d  th e  w e lls  w a s  1 6 .2 2  m , th e  
recom m ended  m in im um  being 15 m.

C h a ra c te r is a t io n  o f  th e  e f llu c n ts

T h e  v a r io u s  p h y s ic o -c h e m ic a l  p ro p e r t ie s  o f  
effluent are presented in Table 1. All the effluents studied 
w ere acidic in nature. T h e  pH  ranged  from  3.9  to 6.0. 
T he acidic nature o f  the e ffluen t is due to the addition  of 
organic acids fo r the coagu la tion  o f  the latex (K uriakose 
and T hom as, 2000). T he low pH  induces the form ation 
o f  trihalom ethanes w hich  are  tox ic  and  pH  below  6.5 
causes corrosion  in p ipes thereby  releasing  tox ic  m etals 
such as Z n, Pb. Cd and  C u. (T rivedy  and G oel. 199]). 
T he e lectrical conductiv ity  varied  from  3.69 to  7.97 mS 
c m '‘, the average being 5 .96 m S  cm '*. T h e  high range 
o f  conductiv ity  show s the p resence  o f  salt in the effluent 
(Trivedy and Goel. 1991).

T he m in im um  level o f  to tal so lids w as 20 ,350  and 
the m axim um  30.000m g/L . T h e  d isso lved  solid varied 
from  14,420 to  27.630 m g/L . the safe lim it being 21.000. 
In  all the effluen t sam ples, the levels  o f  T S  and D S w ere 
above the safe lim it (T able  1). T he high level o f  DS 
indicates the higher conductiv ity  o f  the effluent (Trivedy, 
1989).

T he biochem ical oxygen  dem and (B O D ) varied 
from  9,948 to  18.708 m g/L  in the  effluents, the safe limit 
being 1(K) m g/L  for irrigation . T he h igher level o fB O D  
indicates the  organic pollu tion due to  these effluents. The 
m inim um  level o f  chem ical oxygen  dem and (C O D ) was
2 0 ,0 0 0  m g /L . S in c e  s a fe  l im it  (K S P C B , 1997) 
recom m ended  is 250 m g /L  fo r irrigation , all the  effluent

Table 1. Physical, chemical and bacteriological characteristics of the efHuent from RSS processing

EfTluent
Sample
No.

pH
EC
(mS cm'*)

Total
solids
(mg/L)

Dissolved
solids
(mg/L)

BOD
(mg/L)

COD
(mg/L)

Total
Nitrogen
(mg/L)

M PN/
100
(ml)

Total
count
(lO*/ml)

01 4.4 5.50 27. 645 24, 842 15,232 26. 400 1022 17 62
02 4.6 7.59 21 .445 18, 965 13.994 26. 400 938 5 55
0.'̂ 4.6 5.07 20. 350 18. 465 12. 757 20. 800 504 4 8
04 4.6 5.93 26, 425 23 .810 15. 803 28. 800 714 4 20
05 4.6 5.05 27. 140 25, 335 15. 739 28 .000 546 2 9
06 4.9 7.97 21, 610 17. 843 13. 138 . 25, 333 602 5 25 A
07 6.0 6.28 29.260:* •, , 27 ,6 3 0  , 17.453 39. 467 532 4 10
08 4.6 8.28 20, 620 18. 342 13, 090 24. 400 966 5 26 ■ ’ -1
09 4.0 6.68 24. 825 22. 120 14, 423 30 .4 0 0 742 2 2  i
10 4.5 5.27 18. 620 16.225 9. 948 21. 600 490 22 166 •
11 4.2 4.37 17. 230 14. 420 16. 061 20. 000 490 4 37
12 3.9 6.47 20. 720 17. 530 16. 2.34 26. 800 756 2 3
13 4.5 6.75 21. 340 19. 235 16. 981 28. 000 644 33 104
14 5.3 3.69 21 .510 18. 925 17, 967 28. 800 238 17
15 5.0 6,12 29. 400 26. 638 18. 708 36. 400 742 17 46 1
16 4.9 5.25 21 .900 17. 989 12.630 31 .600 504 14 87 ■ '.1
17 4.4 4.25 28. 889 2.5. 382 17. 263 35. 200 518 4 34 1
18 4,9 6.20 28. 300 26. 550 n .  263 36. 800 952 350 143
19 4.7 6,08 . 27. 900 20. 504 11.900 20. 800 364 33 23
20 4,0 6.54 30 .000 25. 546 13. 498 25. 200 910 6 31



iplf !*• Pll EC
(mS cm'*)

no
(mg/I)

n s
(mg/l)

TU M PN/
100ml

Total
count
(10-Vml)

Distance of vvell 
from pnxressing 
unit <m)

5.7 0.25 8.6 72 60 280 32 2.5
5.2 0.3 5 160 62 540 13 3.6
6.7 0.27 6.1 170 24 920 1% 2.8
5.7 0.31 7.6 110 40 17 8 3S
5.6 0.29 7.3 120 17 920 6 3
5.9 0.32 7.3 I6S 24 33 107 25
6.6 0.28 8 190 84 n o  ■ 19 50
5.9 0.27 6.8 98 70 280 18 3
5.8 0.27 7.2 75 40 >2.400 4 3.5
6.7 0.32 5.3 115 25 34 90 3.2
5.2 0.35 5.8 164 68 1600 4 2.75
5.3 0.3 5-5 178 105 920 10 2 ^
5.8 0.3 6.1 155 65 920 11 5
4.9 0.3 5.3 145 85 >2.400 9 15
6.4 0.4) 7.2 90 n o >2.400 69 2.5
5,9 0.28 6.8 110 68 12 40 22
5.4 0.33 6.1 165 117 43 122 15
6.2 0.28 7.1 9S 60 1600 16 6
5.4 0.28 5.8 210 132 >2.400 15
5.6 0.29 6 190 125 33 10 40
6.7 0.3 7.9 55 15 - 15* -

6.5 0.28 7.6 60 18 15 28* -

6.3 0.32 7.7 58 20 - 12* -

6.5 0.3 8 45 16 - 18* -

6.7 0.28 8.2 50 18 17 14* -

from area near lo processing C= Control away from processing area

samples w ere high ly  polluted. T he level o f  to tal nitrogen 
in these effluen ts also  varied from  238 to  1022 m g/L. 
As the  sa fe  lim it is 100 m g /L , th e se  e f f lu e n ts  can  
contaminate the environm ent if  disposed untreated. High 
nitrogen co n ten t in the effluent a lso  can con tam inate  the 
drinking w ater sources, if  converted  to n itra te  and  nitrite 
Ilbrahim, 1980).

Bacteriological properties of the efUuent

The bacteria l population  in the effluen t in general 
was high (Table 1). T he total bacterial count in the various 
effluents ranged  from  2 to 166xl0^/m l. T he M PN  count 
o f coliform s varied  from  2 to 350 p er 100 m l. All the 
sam ples sh o w ed  the  p resen ce  o f  c o lifo rm s . A ll the 
effluents ex cep t tw o  contained  E. coU. T h e  presence o f 
co lifo rm s e s p e c ia l ly  E. co li in d ic a te s  th e  p o ss ib le  
contam ination w ith pathogenic bacteria  (P ip es , 1982).

Characteristics of well water

The w ater from  the w ells near the processing units 
and  also  from  processing  free area w ere anals sed for the 
various d rin k in g  w ater param eters and the results are 
g iven  in Table 2. W ater from  all the w ells \\e re  colourless 
and odourless.

The pH  o f  the w ell w ater w as also acidic ranging 
from  4.9 to 6 .7 . A m ong  these, 18 sam ples recorded pH 
below  6.5. A t th e  sam e tim e, well w ater u k en  as control 
recorded h ig h er pH  (Table 2). T h e  lo\». pH o f  the well 
w a te r m ight be due  to the seepage o f  acidic effluent from  
the nearby p rocessing  units. N ot m uch difference in pH 
and  EC could  be observed  for the w ell from  wells 
n ear the p ro cess in g  units irrespective o f the distance 
(Table 3). Bur there  was significant differe.-:ce w iih regard 
to  pH  betw een  the  w ells near the processing units and 
those  situa ted  in p rocessing  un it free area, indicating

Table 3. Comparison of well water from processing area w ith control

Sourcc pH EC
Dislancc<l5m Disiance>l5m Disiancc<15m D isiancol5m

Mean SD Mean SD Mean SD Mean SD

Near processing area 5.85 0.5466 5.73 0.4949 0.3027 0.0449 0.2966 0,0193
Control 6.54 0.1673 6.54 0.1673 0.296 0.0167 0.296 0.0107
t -2.71** -3.511** 0.318 NS 0.0598 NS



possib le  con tam ina iion  hy effluenls. T he low pH  in the 
w ells near ihe p rocessing  units even al a distance g reater 
than 15m indicates that the effluent could contam inate 
the  w e lls  even  b ey o n d  the  c u rre n tly  s tip u la ted  safe 
distance.

T h e  d isso lv ed  ox y g en , D S, to tal hardness and 
nitra te  con ien t in all the w ells w ere w ith in  the perm itted
lim its (Table 2).

Hacteriological properties of wel! M’aler

T he bacterio log ical properties o f  well w ater are 
presented  in T able 2. T he m inim um  and m axim um  M PN  
count o f  co lifo rm s in the well w ater w-ere 12 and above 
2400 per 100 ml respectively. A m ong them , six w ells had 
bacteria l popu la tion  above 1,000. T h ese  w ere located 
w ith in  a d istance  o f  15 m  from  the processing unit. Out 
o f  the  20  w ells s itua ted  n ear the  p rocessing  unit, all 
show ed the p resence  o f  co lifo rm s and 19 o f  them , the 
presence o f  £. coli. T h e  presence o f  coliform s, especially  
£. coli, indicates the  possib ility  o f  organic contam ination 
o f these w-ells w hich  favour pathogen ic  m icroorganism s 
(B itton, 1999). T he total bacterial coun t in the w ell w ater 
also  ranged  from  4 to  1 9 6 x l0 ^ /m l. T he control sam ples 
did no t contain  E. coli. A m ong these, three w ells were 
free from  co lifo rm s. H ow ever, the to tal bacterial count 
in these  w ells ranged  from  12 to 28 x lO ’Vml. T hese  
bacteria  ma>’ be soil o r  anim al borne. The absence  o f  
co lifo rm s and E. coli indicates that the w ells a re  free 
from  any external con tam inaiion  like processing w ater 
o r sew age.

In order to  avoid the con tam ination , the m inim um  
distance  recom m ended  fo r the drink ing  w ater so u rce  is 
15 m aw ay  from  any w astew ater source. H ow ever, the 
processing units stud ied  did not have any type o f  effluent 
treatm ent system  o r collecting tanks. Instead, & i  effluent 
w as a llow ed to flow  freely in the land. T his m ight be 
the reason  for the con tam inaiion  o f  the well even  at a 
d istance  beyond  the  stipu lated  safe lim it.

S ince the  effluen ts w ere highly  polluted, disposal

to land w ithout treatm ent m ust be d iscouraged. This 
study also suggests the need fo r keeping drinking water 
sources aw ay from  the p rocessing  units.
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