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In order to study (he Feasibility o f recycling waste water in pale latex crepe (PLC) processing and i s  
possible elTocts on (he quality of the processed rubber, an experiment was conducted with fresh watez. 
the waste water arising from the last three rollers (reusable water) and the raw effluent. The raw rubber 
properties o f  the processed nibber were compared with those o f ISNR 3L. The PLC processed with rxw 
effluent in alt rollers recorded the lowest pH and the highest titrable acidity compared to that o f  PLC 
prepared with fresh and reusable water. Dirt content, ash content, volatile matter and nitrogen in the 
treatments with reusable water were comparable to (he treatment with fresh water in all rollers, initial 
plasticity and plasticity retendon index o f (he PLC processed with reusable water were within the 
prcscrit)ed limits specified for ISNR 3L. PLC processed with reusable water could be graded as PLC 
IX. The properties o f sole crepe made from PLC prepared using reusable water were also within the 
prescribed limits. Fungal growth on PLC and sole crepe processed with reusable water was also compa­
rable to that on the control. Waste water from the 3rd to Sth creping rollers could thus be reused in tiae 
I SI and 2nd creping rollers with 4 1.3 per cent savings in fresh water consumption and reduction in the 
quantity o f e lu e n t .

IN T R O D U C T IO N  to  lesser use  o f  fresh w ater as w ell as reduction

T h e re  h a s  been  a g ro w in g  aw aren ess  
o n  th e  n e e d  to  c o n s e rv e  th e  lim ite d  w a te r  P™ cess.ng
resources. R euse o f  treated  w aste w ater will defi- (M idd leton , 1977). A n ex p en m en t w as carried
n ite ly  be m ore advan tageous in situations w here o f  recycling  a  p a rt o f
fresh  w ater availab ility  is very  lim ited . P^ocessmg and  its e ffec t

on the quality  o f  the p rocessed  rubber.
Pale  latex  c repe  (P L C ) and so le crepe are 

p roduced  from  fresh  field  latex. T hese rubbers M A T E R IA L S  A N D  M E T H O D S  
req u ire  n inety  to  n inety  five liters o f  w ater per
k ilo g ram  d u rin g  m ach in in g  the  co ag u lu m  to  ^ a te r  used fo r  the processing 
w ash ou t the serum  and o th e r non -rubber m ate- T h ecrep in g b atte ry  in the factory, w here
rials (K uriakose and  Nair, 1980). S ince the sam e the  experim ent w as carried  out. consists o f  five
c o a g u lu m  is re p e a te d ly  w ash ed  th ro u g h  the  ro llers . T he w aste w ater arising  from  the  last
v a rio u s  c re p in g  ro llers , con tam in a tio n  o f  the th ree  ro llers (reusable  w ater) was co llected  sepa-
w a te r becom es less tow ards the end. R euse o f  rately  w h ile  that from  the  first tw o  ro llers w as
this w ater fo r th e  p rim ary  w ashings w ould  lead allow ed to  flow  in to  the  effluen t tank  (Fig. 1).
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Rg. I. Flow diagram of PLC processing

T hese w ater sam ples w ere analysed for 
the quality  param eters viz., ( I ) pH , (2) biochem i­
cal oxygen  dem and (B O D ), (3 ) chem ical oxy­
gen dem and (C O D ), (4) suspended  solids, (5) 
d isso lved  solids, and (6) o il and g rease, as per 
standard  m ethods (A P H A , 1975).

T he reusable w ater was filtered through 
a filler designed specifically  for th is purpose. 
T he filter consisted  o f  gravel, sand and po lyure­
thane foam . Fresh water, filtered waste w ater 
from  the last th ree  ro llers and the raw efflucni 
from  the factory w ere used as per different treat­
m ents described below :

1. Fresh w ater in all ro llers

2. R eusable w ater in the firsl th ree ro llers 
and fresh w ater in the  4 th  and 5th  ro llers

3. Reusable w ater in the first four ro llers and 
fresh w ater in the 5 th  ro ller

4. R eusable w ater in  all ro llers

5. Raw effluent in the first three ro llers and 
fresh  w ater in the  4 th  and  5th  ro llers

6. Raw  effluent in the first fou r ro llers and 
fresh  w ater in the 5 th  ro lle r

7 . Raw  effluen t in all ro llers

T h e  w aste  w a te r fro m  th e  ro lle rs  u s ­
ing reusab le  w ater w as also  analysed  fo r the 
v a rio u s  q u a lity  p a ra m e te rs .

Properties of rubber

T he pH , percen tage  acid ity  and popu la­
tion  o f  bacteria  and yeast in th e  PLC sam ples 
processed as per the above treatm ents were stud­

ied. T he processed PL C  w as kept fo r d ry ing  in 
a  dry ing  shed. The raw  ru b b er p roperties  o f  the 
PLC sam ples w ere determ ined as per the  relevant 
B IS test m ethods (BIS, 1972), T he  param eters 
studied included pH , acidity , d irt con ten t, ash 
conten t, volatile m atter, n itrogen  con ten t, initial 
p lasticity  (Po), plasticity  re ten tion  index (PR I), 
acetone extract, total bacteria , and yeast.

T he PL C  was graded visually. Sole crepe 
was m ade from  the PL C  processed as per the 
above treatm ents and w as tested  for the  specifi­
cation param eters prescribed for ISN R  3L. T he  
PLC as well as the sole crepe  w ere stored for 6 
m onths and the m onthly popu la tion  o f  fungus 
in un it area o f  the solid rubber was a lso  studied  
by plating the w ashings on M artin ’s ro se  bengal 
s treptom ycin  agar m edium .

RESU LTS AND DISCUSSION

Characteristics of the water

T he pH  o f  the raw  effluen t w as 5.1 and 
that o f  the reusable  w ater 6 (T ab le  1). B O D  
and C O D  in th e  raw  efflu en t w ere  1320 and 
3 1 8 0  mg/1 re sp e c tiv e ly . H o w ev e r, in  re u s ­
able water, these were only 160 and 310  mg/I 
respectively. Suspended so lids in the  raw  e fflu ­
en t was 7 5 0  mg/1, w hile it was only  250  mg/1 in 
the reusable  w ater which go t reduced consider­
ably on  filtra tion . D isso lved  so lid s w as a lso  
low er for reusab le  water. O il and g rease  in raw  
effluent was 12 mg/I and in the reusab le  w ater it 
was only 6.5 m g/l w hich w as com pletely  e lim i­
nated on filtration.



Tabic 1. Waste water charactcrs

Paramcier Raw
cfTlucni

Reusable
waier

Reusable 
waier after 
primary 
treatment

Tolerance
limit

pH 5.1 6.0 6.0 5.5-9
BOD 1320 160 150 50
COD 3180 310 285 250
S. solids 750 250 Trace 100
D. solids 2800 650 580 2100
Oil & grease 12 6.5 - 10

(Conctiniratioru in mg/l except for pH)

P ro p e r t ie s  o f  P L C

The pH  o f  ihe PLC  processed w ith raw 
effluen t in all ro llers reco rded  the low est level 
i.e., 3 .9  and titrab le  ac id ity  recorded  the h ighest 
value (Table 2). T h is  trend w as noticed in all 
th e  ircaim en is w ith  the raw  effluent. PL C  pro­
cessed  w ith reusable  w ater in the first th ree ro ll­
ers gave a pH  value o f  5 .2  w hich w as com pa­
rab le  to that o f  the PLC  processed  w ith fresh 
w ater 5 .4 . T he low  pH  in PL C  was evidently 
d u e  to the acid ity  o f  the raw  effluen t ysed for 
w ashing  (M athew  e ra /., 1986). T he low er acid­
ity and  h igher pH  o f  PLC  processed  w ith raw 
effluen t in the first th ree ro lle rs  could  be due to 
th e  use  o f  fresh  w ater in the  4 lh  and 5 lh  rollers.

Tabic 2. Physical and m icrobiological properties of 
PLC with recycled water

Trcatmcrn pH Acidity in 
terms o f  
formic acid
(%)

Total bacteria 
(l02/cm2)

Yeast

Fresh water 
in all rollen 5.4 0.014 25 35
Reusable water 
in 1-3 rollers 5.2 0.015 32 42
Reusable water 
in 1-4 rollers 4.9 0.017 35 54

Reusable water 
in 1-5 rollere 4.6 0.015 46 46

Raw effluent 
in t-3 rollers 4.4 0.0L5 49 52

Raw effluent 
in i'4  rollers 4.0 0.016 53 60
Raw efnuent
in 1-5 rollers 3.9 0.018 200 112

The population o f  bacteria  and  yeast were 
20 X 10' and 112 respectively  in the  PLC p ro ­
cessed w ith raw  effluen t in all the  ro llers. T rea t­
m ent w iih reusable  w ater reduced  th e  p o pu la­
tion o f  bacteria  and yeast to  levels com parable  
to the control (Table 2).

R a w  r u b b e r  p ro p e r t ie s  o f  P L C

D irt conten t in the PL C  w ith raw  effluent 
in all ro llers w as 0.1 p er cen t w hile  it w as only 
0 .008  per cen t in the trea tm en t w ith fresh w ater 
alone (Table 3). D irt con ten t, ash con ten t, vo la­
tile  m atter and nitrogen in the treatm ents w ith 
reusab le  w ater w ere co m p arab le  to  that w ith 
fresh w ater in all ro llers. H ow ever, in the case 
o f  sam ples prepared w ith  raw  e fn u en t on all ro ll­
ers, these values w ere m arg inally  higher, indi­
cating the level o f  contam ination caused  by treat­
m ent (N a ir f / f l / . ,  1988).

Initial plasticity  (P o) o f  PLC  processed 
w ith  raw  effluent alone w as 52  but it w as 54 in 
the treatm ent w ith fresh w ater as w ell as w ith 
reusable  w ater (Table 3). P lastic ity  retention  
index (PR I) w as 75 in PL C  prepared  w ith raw  
effluen t w hile it w as 8 0  in the  case  o f  fresh w a­
te r and 78 in the case  o f  PL C  w ith  reusable w a­
ter. PRI is a  m easure o f  the resistance to therm o- 
ox idative  d eg rada tion , w h ich  is no rm ally  re ­
d u c e d  b y  c o n ta m in a tio n  w ith  p ro -o x id a n ts  
(M athew  and T hom as, 1975; S ivabalasundaram  
and N adarajah, 1966). A ce tone  ex trac t was 3 .6  
p e r  cen t in PL C  p ro cessed  w ith  raw  effluen t 
w hile  it w as 3 .2  p er cen t in the  case o f  PL C  p ro ­
cessed  w ith fresh w ater and  3.3 per cen t in the 
case ’w ith reusab le  w ater, fu rther ind icating  the 
possib le  contam ination  by d ie  use o f  raw  efflu ­
en t in all the rollers.

U sually  PL C  is g raded  v isually  by the 
co lo u r o f  the p roduct. T h e  b es t g rad e  is PLC 
IX . A s the brightness o f  the co lo u r decreases, 
the m aterial is dow ngraded  as I, 2, etc . (R M A ,
1979). T h e  g rade  was 2  in the case  o f  PL C  with 
raw  effluen t alone and it  w as IX  in th e  contro l 
as w ell as that w ith reusab le  w ater in the first 
four ro llers (Table 3). T h e  low er g rade  o f  the 
PL C  w ith raw  effluen t is attribu ted  to  con tam i­
nants.



Table 3. Raw rubber properties o fP L C  with recycled water

Treatment Dirt

content
(%)

Ash

content

(%)

VAilatile

matter

(%)

Nitrogen

(%)

Po PRI Acetone

extract

(%)

Grade

Fresh water in all rollers 0.008 0.230 0.500 0.35 54 80 3.2 IX

Reusable water in 1-3 rollers 0.007 0.230 0.520 0.35 54 78 3.3 IX

Reusable water in i<4 rollers 0.007 0.240 0.530 0.34 54 78 3.3 IX

Reusable water in 1 -S rotlen 0.008 0.243 0.548 0.33 53 77 3.4 1

Raw tfnuent in I -3 rolten 0.008 0.243 0.535 0.34 53 76 3.4 _ I

Raw effluent in 1-4 rolien 0.007 0.255 0.552 0.33 52 76 3.3 2

Raw eCnucm in 1-5 rollers 0.100 0.267 0.568 0.35 52 75 3.6 2

Specification parameters for 0.03 0.50 0.80 0.60 30 60 - -

ISNR 3L (Max) (Max) (Max) (Max) (Min) (Min)

Rdw rubber properties of sole crepe

T h e  pH  and  ac id ity  o f  the so le  c rep e  
p re p a re d  w ith  raw  e fflu e n t on  a ll th e  ro lle rs  
w as 4.1 and  0 .0 0 8  p er c e n t re sp ec tiv e ly , w h ile  
il  w as 5 .7  and  0 .0 0 5  p e r cen t re sp e c iiv e ly  in 
th e  tre a tm e n t w ith  re u sa b le  w a te r in  th e  firs t 
th re e  ro l le r s  (T ab le  4 ). V o la tile  m a tte r , ash  
c o n te n l and n itro g e n  c o n te n t w ere  0 .6 6 , 0 .2 2  
and  0 .3 6  p er c e n t re sp ec tiv e ly  in so le  c rep e  
w ith  raw  e ff lu e n t in  all th e  ro lle rs . A t th e  sam e

tim e  these  w ere  0 .6 0 , 0 .2 0  and  0 .3 3  p e r cen t 
re sp ec tiv e ly  in the  c o n tro l. In  th e  trea tm en t 
w ith  reu sab le  w ater th e se  v a lu es  a rc  c lo se  to  
th o se  o b ta in ed  in co n tro l (T ab le  4).

D irt conten l was 0 .008  p er cen t in the  so le 
c rcp e  w ith raw  effluen i a lo n e  w h ile  it w as 0 .005  
p er cen t in the contro l. T h is w as 0 .006  p er cen t 
in the so le crepe  p rocessed  w ith reusab le  w ater 
w hich is com parable  w ith the  con tro l and  also  
w ithin the lim it prescribed for ISN R  3 L  (Table 4).

Table 4. Raw rubber properties o f sole crepe with recycled water

Treatment pH Acidity 
in terms
of formic 
acid 

(%)

Nitrogen Volatile 
(%) matter

(%)

Ash
contenl

(%)

Dirt
contenl

(%)

Po PRt A c e to n e
extract

(%)

Fresh water in all rollers 5.7 0.005 -327 0.60 0.20 0.005 53 80 3.2

Reusable water in 1*3 rollers 5.6 0.005 0.327 0.60 0.21 0.006 52 79 3.2

Reusable water in 1-4 rollers 5.2 0.005 0.333 0.67 0.22 0.004 51 78 3.2

Reusable water in 1 >5 rollers 4.9 0.005 0.340 0.67 0.22 0.004 51 78 3.4

Raw effluent in 1-3 rollers 4.6 0.006 0.340 0.65 0.21 0.006 52 76 3.4

Raw effluent in 1-4 rollers 4.3 0.007 0.340 0.66 0.22 0.004 50 75 3.5

Raw effluent in 1>5 rollers 4.1 0.008 0.360 0.66 0.22 0.008 50 75 3.5

Specification parameters for - - 0.60 0.80 0.50 0.03 30 60 -

ISNR 3L (Max) (Max) (Max) (Max) (Min) (Min)



In itia l p la s iic ily  (P o ) fo r the  so le  crepc  
p ro cessed  w ith  raw  e fflu en t alone w as less (50) 
c o m p a re d  to  th a t o f  the  co n tro l (5 3 ). Po o f  
the  so le  c re p e  p ro cessed  w ith  reu sab le  w ater 
w as co m p a ra b le  w ith  th a t o f  the co n tro l. P las­
tic ity  re te n tio n  in d e x  w as a lso  le s s  fo r the  
tre a tm e n t w ith  raw  e ff lu e n t (75). B u t it w as 
c o m p a ra b le  in the  case  o f  the trea tm en t w ith 
re u sa b le  w a te r  (7 8 -7 9 ). A ce to n e  ex trac t was 
a lso  h ig h  (3 .5 % ) in the  trea tm en t w ith  raw  e f­
flu e n t w h ile  w ith  re u sa b le  w a te r it w as co m ­
p a ra b le  to  the  c o n tro l.

Effluent characteristics after recycling

P ro p e rtie s  o f  e ff lu e n t a fte r using  the  re­
u sa b le  w a te r  and  fresh  w a te r in PL C  p ro d u c­
tio n  a re  g iven  in T able 5. T h ere  w as a decrease 
in p o llu tio n  p a ra m e te rs  acco rd in g  to the ex ­
te rn  o f  u se  o f  fre sh  w ater. E ven  th o u g h  reu s­
ab le  w a te r  w as used  in th e  b eg in n in g , s ince  it 
w as su b seq u en tly  w ashed  w ith  su ffic ien t q u an ­
tity  o f  fresh  w ater, the  im p u ritie s  in the pro ­
c e sse d  ru b b e r  w as rc d u c e d . T h is  w as ev iden t 
fro m  th e  in c re a s e  in p o llu tio n  p a ra m e te rs .

w h erev er re u sa b le  w a te r  w as u sed . T he p o l­
lu tion  p a ram e te rs  o f  e ff lu e n t co llec ted  from  
the  3rd to  the  5 th  ro lle r  w ith  fresh  w ater and  
1st and  2 n d  ro lle rs  w ith  reu sab le  w ater, w ere  
com parab le  w ith  th a t o f  e ffluen t from  the tre a t­
m en t w ith  fresh  w a te r  on the  ro lle rs .

Fungal population

T he resu lt o f  the studies on fungal popu­
lation on the PLC  and so le crepe  are given in 
Tables 6  and 7 . B oth the  rubber sam ples p ro ­
cessed w ith raw  e ffluen t show ed m axim um  fun­
gal population (4 x 10 ' and 30 x 10*) after six 
m onths, w hile it w as on ly  16 x 10^ and  12 x 10^ 
in the con tro l. R ubber sam ples processed w ith 
reusable w ater in the first th ree ro llers show ed a 
fungal population  o f  18 x 10^ and 14 x 10^ re ­
spectively, w hich  is  com parab le  w ith  the co n ­
trol. E ffluents are genera lly  loaded with b iode­
gradab le  organ ic  com pounds and hence rubbers 
treated  w ith the e ffluen t are prone to  attack by 
m ould  on s to rag e  (K u riak o se  and  Sebastian ,
1980).

Table S. EfDuent charactcrs after rccycHng with reusable water

Source o f waste wa(er pH Dissolved

solids

mg/1

Suspended

solids

mg/1

Oil and

grease
mg/l

BOD

mg/l

COD

mg/l

Total 

bacteria 

per ml

I+2 rollers o f fresh water 5.5 825 628 6 1394 3575 45 X 10*

3+5 roller after fresh water 6.3 120 75 5 120 320 40 x  I0-’

\* 1  roller after reusable water 5.4 950 655 7 1415 3820 32 X 10'

3-5 roller after fresh water 6.2 125 80 5.5 152 370 4 S x  10̂

Third roller after reusable water 6.1 122 82 2 168 325 5 5 x  1&'

4-5 roller after fresh water 6.2 110 75 2.5 94 252 42 X 10*

3-f4 roller after reusable water 6.0 115 70 3 185 366 65 X 10'

Fifth roller after fresh wash 6.3 85 55 2.5 165 260 I 8 x  10=

3*5 roller after reusable water 6.2 145 80 6 188 462 85 X 10'



Table 6. Fungal population on FLC with recycled water (10^ cm’̂ )

Treatment Months

t 2 3 4 5 6

Fresh water in all rollers 6 8 lo 13 IS 16

Reusable water in 1 *3 rollers 8 10 11 13 16 18

Reusable water in 1-4 rollers a 14 15 IS 21 23

Reusable water in all rollers 15 18 20 22 24 25

Raw efiluent in i>3 rollers 10 14 17 19 21 22

Raw cfHuent in 1-4 rollers 12 20 23 26 27 30

Raw effluent in all rollers 160 210 240 280 340 410

Table 7. Fungal popolation on the sole crepc with recycled water (10^ cm'^)

Trtaiincnt Momhs

I 2 3 4 5 6

Fresh wate^ in alt rollere 2 4 5 7 9 12

Reusable water in 1 -3 rollers 4 7 9 11 13 14

Reusable water in 1-4 rollers 5 S 12 15 17 18

Reusable water in all rollers 10 10 13 16 18 20

Raw eniuent inl>3 rollers 8 11 13 15 16 17

Raw efOuent in 1-4 rollers 8 10 12 16 17 19

Raw efnuent in all rollers 160 200 240 260 280 300
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Fig. 2. Flow diagram o f water recycling in PLC

C O N C L U S IO N

In PL C  p rocessing  w aste  w ater from  the 
3rd to  the  5th ro lle rs  cou ld  be reused  in the 1st 
and  2nd ro llers  a fte r filtra tion  (F ig . 2). T he raw  
ru b b er p roperties o f  PL C  and  so le  c rep e  pro­
c e sse d  w ith  re u sa b le  w a te r  a re  m ee tin g  the 
specifica tion  param eters  o f  IS N R  3L. A  saving

o f  41.3  per cen t in term s o f  fresh  w ater consum p­
tion could  be achieved.
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