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C H A P T E R  1

IN T R O D U C T IO N



Natural rubber (NR) p r o d u c t s  play an important role in our 

day to day life. Th e y  are u s e f u l  in the fields such as t r a n s p o r ­

tation, communication, agriculture, sports and game, defence, 

health and family p l a n n i n g  etc . It is estimated that there are 

about 35,000 different rubber p roducts are m a n u f actured in India.

The bulk of the crop collected from rubber plantations is as 
1

liquid latex. It is a hydrosol of dispersed rubber particles 

p r o t e c t e d  by an a dsorbed c o m p l e x  film of protein, neutral lipids 

and phospholipids. The crop is processed into different forms 

which facilitate easy storage, transportation and utilization by 

the m a n u f a c t u r i n g  industries.

The d i f f erent steps in the pro c e s s i n g  of the crop to the 

diffe r e n t  m a r k e t a b l e  forms of N R  are shown in fig (1).



F i e l d  L a t e x
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Fig. 1

T h e  p r e s e r v e d  f i e l d  l a t e x  is p r o c e s s e d  i n t o  6 0 %  c o n c e n t r a t e d  

l a t e x  b y  m e t h o d s  like c r e a m i n g  a n d  c e n t r i f u g a t i o n .  It f i n d s  u s e  

in t h e  m a n u f a c t u r e  of a v a r i e t y  of l a t e x  g o o d s  like g l o v e s ,  

c a t h e t e r s ,  t o y  b a l l o o n s ,  c o n d o m s ,  n i p p l e s ,  f o a m  r u b b e r  etc. T h e  

l a t e x  p r o c e s s e d  into d r y  f o r m s  like sheet, crepe, c r u m b  r u b b e r  

etc are u s e d  f o r  the m a n u f a c t u r e  of a u t o m o b i l e  tyres, b e l t i n g ,  

hoses, f o o t w e a r s  etc. T h e  f i e l d  c o a g u l u m  o b t a i n e d  in the f o r m  of



th e  cup lump and t r e e  l a c e s  are  p r o c es se d  i n t o  crepe or crumb 

rubber and used f o r  th e  manufacture o f  v a r io u s  dry rubber a r t i ­

c l e s

The o p e r a t io n s  in v o lv e d  in  the  manufacture o f  rubber goods  

are  th e  f o l l o w i n g -

Rubber + Compounding i n g r e d i e n t s  ------ > Rubber compound ----- |

Shapping

-T e s t in g  <- F i n i s h i n g  <-

— > F in i s h e d  Product

During the p r o c e s s  o f  manufacture o f  rubber p rod u cts ,  

rubber g e t s  i n t i m a t e l y  mixed w i th  a number o f  ch em ica ls  in d e f i ­

n i t e  p r o p o r t io n  (compounding) f o r  g e t t i n g  th e  req u ired  p r o p e r t i e s  

to  th e  prod u ct .  In th e  c a s e  o f  l a t e x  goods ,  th e  in g r e d i e n t s  

u s u a l l y  admixed w i th  l a t e x  are s t a b i l i z e r s  l i k e  soap,  c a s e i n .  

Potassium  hydrox ide .  Zinc hydroxide ,  a c c e l e r a t o r s  l i k e  ZDC, DMBT, 

TMT, ZDBC e t c ,  a n t i  o x id a n t s  and su lphur.

G lo v es ,  Condoms, C a t h e t e r s ,  B a l lo o n s  e t c  which come under 

the  l a t e x  prod u cts  are made by the  p r o c e s s  c a l l e d  d ip p in g .  The 

p r o c e s s  e s s e n t i a l l y  c o n s i s t s  o f  d ip p ing  c l e a n  formers in the



l a t e x  c o a g u la n t ,  d ry in g  and then d ip p in g  in the  s u i t a b l y  com­

pounded l a t e x .  The t h in  f i l m  o f  th e  l a t e x  compound d e p o s i t e d  on 

the  s u r f a c e  of  th e  former ( t h e  t h i c k n e s s  of  which can be ad jus ted  

by c o n t r o l l i n g  the  number o f  d i p s . )  i s  leached in  hot water to  

remove non-rubber c o n s t i t u e n t s  to  th e  maximum p o s s i b l e  l e v e l  and
O

then v u lc a n i s e d  a t  about 110-130C f o r  a d e f i n i t e  time depending  

on th e  compound f o r m u la t io n .  The v u l c a n i s e d  f i l m  i s  then removed 

from th e  former, s u b j e c t e d  t o  f i n i s h i n g  o p e r a t io n ,  t e s t e d  fo r  

a s c e r t a i n i n g  conform ity  to  q u a l i t y  s ta n d a rd s ,  packed and market­

ed .

1 . 2  THE PROTEIN RELATED ALLERGY PROBLEM

The usage o f  NR l a t e x  p ro d u cts  has been reported  to  cause
' 2

two c l a s s  of  r e a c t i o n s .

Type I response  -  C ontact  u r t i c a r i a  and p o s s i b l y  a n a p h y la c t ic

shock.

Type IV response  -  A l l e r g i c  c o n t a c t  eczema.

Type IV r e sp o n se  i s  a t t r i b u t e d  to  the presen ce  o f  c e r t a i n  

c l a s s  o f  r e s i d u a l  compounding i n g r e d i e n t s  in l a t e x  p ro d u cts .  

Thiuram, d i t h io c a r b a m a t e s , t h i a z o l e s  e t c  may cause dermatic  r e a c ­

t i o n s  in h y p e r s e n s i t i v e  i n d i v i d u a l s .  The response  i s  c h a r a c t e ­

r i s e d  by the  appearance o f  i t c h i n g ,  r e d n e s s ,  s w e l l i n g  e t c ,  a few



hours a f t e r  c o n t a c t  w ith  the  rubber p r o d u c ts  and t h i s  response  

has been known f o r  s e v e r a l  y e a r s .  I t  i s  d i f f i c u l t  to  avoid  the  

use  o f  a t  l e a s t  one o f  t h e s e  a c c e l e r a t o r s  in  sulphur v u lc a n i s e d  

a r t i c l e s  and t h o s e  a l l e r g i c  to  t h e s e  m a t e r i a l s  should avoid  c l o s e  

c o n t a c t  w i th  l a t e x  a r t i c l e s .  An a l t e r n a t i v e  t o  sulphur v u l c a n i s a ­

t i o n  i s  p r e v u l c a n i s a t i o n  with  p e r o x i d e s ,  r a d i a t i o n  e t c ,  but t h i s  

w i l l  r e s u l t  in low modulus p r o d u c ts .

Type I re sp o n se  appears to  be r e l a t i v e l y  r e c e n t  occurence ( 

f i r s t  rep o r te d  in  1979 ) and has the  f o l l o w i n g  c h a r a c t e r i s t i c s .

a)  I t  occurs  q u i c k l y  on c o n t a c t  w i th  rubber p ro d u cts .

b) I t  produces  r e d n e s s ,  w h e a l s , f l a r e s  ( c o n t a c t  u r t i c a r i a )  a t  the  

c o n t a c t  s i t e  or e l s e  where and may cause  an asthma a t t a c k .

c )  I t  can produce a n a p h y la c t i c  r e a c t i o n .

d) I t  i s  caused by the n a t u r a l l y  o c c u r r in g  p r o t e i n s  and not  by 

the  compounding i n g r e d i e n t s .

Much s p e c u l a t i o n s  are b e in g  made about th e  sudden occurence  

of  the  p r o t e i n  a l l e r g y  problem, when l a t e x  s u r g i c a l  g l o v e s ,  

c a t h e t e r s ,  condoms e t c  have been in  u se  f o r  more than t h i r t y  

y e a r s .  The c o r r e c t  answer t o  t h i s  q u e s t io n  w i l l  be d i f f i c u l t  t o  

e s t a b l i s h .  But some of  th e  s p e c u l a t i o n s  t h a t  have been made need 

to  be c o n s id e r e d .



F i r s t l y ,  th e  id ea  t h a t  some d r a s t i c  changes  in the p r o t e in

com posi t ion  have been taken p l a c e  w i th in  th e  rubber t r e e  due to

new c l o n e s , changing p l a n t a t i o n  p r a c t i c e s  e t c . I t  i s  to  be noted

here t h a t  th e  development o f  new c l o n e s  and t h e i r  acceptance  by

the  p l a n t a t i o n  s e c t o r  can n o t  taken p l a c e  a l l  on a sudden. As

such even i f  some minor changes  have occurred  in  the  co m p o s i t io n ,

i t  may n o t  be t h a t  s i g n i f i c a n t .  C lo n a l  v a r i a t i o n s  in l a t e x  pro-
4

t e i n  have been s tu d i e d  by Yeang and more r e c e n t l y  by Kekwick

u s in g  SDS- PAGE. Some c l o n e l  d i f f e r e n c e s  can be d e t e c te d  but the

s i m i l a r i t i e s  in serum p r o t e i n  c o m p o s i t io n s  are  more s t r i k i n g  than 

t h e i r  d i f f e r e n c e s .  So the  p r e s e n t  r e s u l t s  do not  r e a l l y  support  

the  id e a  t h a t  c l o n a l  v a r i a t i o n s  cause  th e  cu rren t  problem.

Secondly  t h e r e  i s  the  s u g g e s t i o n  t h a t  th e  cause of  the  

problem i s  in  some way r e l a t e d  to  th e  use  o f  y i e l d  s t im u la n t s  on 

the  p l a n t a t i o n s . T h i s  a l s o  seems to  be u n l i k e l y  because the  y i e l d  

s t i m u l a n t s  o f  v a r io u s  ty p e s  have been in  u se  s i n c e  1955 so t h a t  

t h i s  problem might have been encountered  many y e a r s  ago had the  

use  o f  s t i m u l a n t s  been in v o lv e d .

More p ro b a b ly ,  th e  problem has been r e s u l t e d  from the  r e c e n t  

v e ry  h igh  usage  o f  l a t e x  goods l i k e  examinat ion  g l o v e s  and con­

doms f o l l o w i n g  th e  AIDS s c a r e .  I t  i s  a l s o  to  be observed th a t

the  l a t e x  s e n s i t i v i t y  problems are rep o r ted  from U S A  and Eu­



rope,  though l a t e x  and l a t e x  p rod u cts  are mainly produced in 

Asian c o u n t r i e s .  Improved d i a g n o s t i c  f a c i l i t i e s  a v a i l a b l e  in  USA 

and European c o u n t r i e s  and th e  f a c t  th a t  Western p o p u la t io n s  

appear to  be i n c r e a s i n g l y  prone t o  a l l e r g i e s  o f  a lmost  every  type  

are th e  f a c t o r s  to  be reckoned w i th .

1 . 3  ORIGIN OF PROTEINS IN LATEX

Fresh  NR l a t e x  from Hevea B r a s i l i e n s i s  i s  a complex c o l l o i -
3

d a l  d i s p e r s i o n  o f  rubber p a r t i c l e s  in an aqueous medium. The

c o l l o i d a l  system i s  s t a b i l i z e d  by the  non rubber m a t e r i a l s

p r e s e n t  in  i t .  The non rubber c o n s t i t u e n t s  in c lu d e  p r o t e i n s ,

l i p i d s ,  p h o s p h o l ip id s ,  c a r b o h y d r a te s ,  amino a c id s  and in o rg a n ic

i o n s .  The t o t a l  s o l i d s  c o n t e n t  o f  NR l a t e x  i s  normally  30 — 40%.
4

The non rubber c o n t e n t  i s  3 -  4 % o f  which 0 . 9 5  % i s  p r o t e i n s .

The most important group o f  non rubber m a te r ia l  i s  p r o t e in

o f  which a l a r g e  number i s  p r e s e n t  e x h i b i t i n g  a wide range o f

m o le cu la r  w e ig h t .  Fresh l a t e x ,  when U l t r a c e n t r i f u g e d  a t  higher
5

speed can be s ep a ra ted  i n t o  t h r e e  major f r a c t i o n s ,  a top rubber 

f r a c t i o n ,  a p a r t i c u l a t e  C serum and a dense bottom f r a c t i o n .  An 

y e l l o w  orange l a y e r  c o n t a in i n g  th e  Frey_Wyssling p a r t i c l e s  in 

l a t e x  i s  separated  imm ediate ly  above the  C serum. F ig  ( 2 ) ,



Figure % Cemrifiiged fresh Hevea brasiliensis 
latex.



C .Q m positiQ n  o£. tLBu Latex

Rubber c o n te n t  — 30 -  40 %

P r o te in o u s  s u b s ta n c e s  — 1 -  1 .5  %

R es ineous  s u b s ta n c e s  — 1 -  2 . 5  %

Sugars — Upto 1 ’/«

Ash — Less  than 1V‘

Water — 55 -  60 %

5 ,6
Of th e  t o t a l  p r o t e i n  c o n t e n t  in  f r e s h  Hevea l a t e x ,  2 7 .2

% was s t r o n g l y  adsorbed on t o  th e  rubber f r a c t i o n ,  4 7 .5  % in  the  

serum f r a c t i o n  and 2 5 ,3  % in  the  bottom f r a c t i o n .  The rubber  

adsorbed p r o t e i n s  have a major i n f l u e n c e  on th e  c o l l o i d a l  s t a b i l ­

i t y ,  but the serum phase  p r o t e i n s  are thought  to  have l i t t l e  

t e c h n o l o g i c a l  s i g n i f i c a n c e .

Attempts  to  c h a r a c t e r i s e  the  l a t e x  p r o t e i n s  was reported
7

from 1930 onwards. Bendy and F r eu n d l ich  have separated  two p ro ­

t e i n s  from c e n t r i f u g a l l y  s e p a ra te d  serum of  ammonia p reserved  NR 

l a t e x  which are p r o t e i n  A & B having i s o e l e c t r i c  p o i n t s  of  4 .5 5  

and 3 . 9  r e s p e c t i v e l y .  The former i s  i n s o l u b l e  in water and a l c o ­

hol  w h i l e  the  l a t t e r  i s  s o l u b l e  in water and 70 % a l c o h o l .



Kemp and S t r a i t i f f  i s o l a t e d  t h r e e  p r o t e i n s  from ammoniated 

l a t e x  serum by ammonium su lp h a te  p r e c i p i t a t i o n  method -  p r o t e in

A, B & C.
9

Archer and Sekhar d e t e c t e d  seven  e l e c t o p h o r e t i o a l l y  d i s ­

t i n c t  p r o t e i n  compounds from aqueous serum o f  unpreserved NR 

l a t e x  o b ta in ed  by h igh  speed c e n t r i f u g i n g  and by f r e e z i n g  at  

-25°C

The d i f f e r e n t  p r o t e i n s  th a t  had been s tu d i e d  in  d e t a i l  are ■»o
«

g l o b u l i n ,  Hevin,  f i b r i l l a r  p r o t e in  and b a s i c  p r o t e i n .  From f r e e z e
10

d r ied  serum s o l i d s .  Archer and Cockbain s e p a r a te d  oc g l o b u l i n  by 

an i s o e l e c t r i c  ammonium su lp h a te  p r e c i p i t a t i o n  method. I t  has an 

i s o e l e c t r i c  p o i n t  4 . 8  and m olecu lar  w e ight  o f  th e  order of  200 

kDa. The s i m i l a r i t y  in  the e l e c t r o p h o r e t i c  and c o l l o i d a l  behavior  

between d i s s o l v e d  oc g l o b u l i n  and th e  p a r t i c l e s  o f  Hevea l a t e x  

s u g g e s t  t h a t  t h i s  p r o t e i n  i s  an important  component o f  the  p ro ­

t e i n  l a y e r  which i s  absorbed on th e  rubber p a r t i c l e s .  The nature
7 ,8

of  oc g l o b u l i n  corresponds  to  'P r o t e in  A' rep o r te d  e a r l i e r

Hevin i s  th e  second important p r o t e i n ,  which i s  d i s s o l v e d  in

l a t e x  serum and i s o l a t e d  by ammonium s u lp h a t e  f r a c t i o n a t i o n  of

co ld  aqueous e x t r a c t  of  the  f r e e z e - d r i e d  s o l i d s  d er iv ed  from the
11

so c a l l e d  bottom f r a c t i o n  I t  has a low m olecu lar  weight  of



10kDa and i s o e l e c t r i c  p o in t  o f  4 . 5 ,  I t  i s  water  s o lu b l e  a t  a l l  

pH.
5 , 1 2 , 1 6

Leuto id  p a r t i c l e s  in  young l a t e x  v e s s e l s  co n ta in  a

p r o t e i n  d e p o s i t e d  in  th e  form o f  bund les  o f  m i c r o f i b r i l s ,  each  

having a double h e l i c a l  s t r u c t u r e  and have a lower i s o e l e c t r i c  

p o i n t  than Hevin.

The major s o l u b l e  b a s i c  p r o t e i n  o f  B serum i s  Hevamine which 

remain in s o l u t i o n  a f t e r  d i a l y s i s  and t h e r e  are two ty p es  o f  

Hevamine, Hevamine A & B.
13

Paper e l e c t r o p h o r e s i s  s t u d i e s  , . ion -exchan ge  chromatograph
14

i c  and s ta r c h  g e l  e l e c t r o p h o r e t i c  s t u d i e s  of  Bottom f r a c t i o n ,
15

Starch  g e l  e l e c t r o p h o r e t i c  s t u d i e s  o f  C serum p r o t e i n s  have

d e t e c t e d  s e v e r a l  p r o t e in  components. R ecen t ly  i t  i s  shown t h a t

p r o t e o l i p i d s  are a s s o c i a t e d  w i th  th e  rubber p a r t i c l e s  in l a t e x .

Ammoniation o f  f i e l d  l a t e x  p r i o r  to  co n c e n tr a t io n  s t a r t s

h y d r o l y s i s  p r o c e s s  p a r t i c u l a r l y  o f  g l y c o l i p i d s ,  p h o sp h o l ip id s  and
16,17

probably  some p r o t e i n s .  L ip id  h y d r o l y s i s  i s  completed a f t e r

one month, but o th er  changes  may c o n t in u e  f o r  a longer p e r io d .  

During th e  p r o c e s s  o f  c e n t r i f u g a t i o n  o f  p reserved  f i e l d  l a t e x  

in t o  c e n t r i f u g e d  l a t e x ,  a p o r t io n  o f  the  p r o t e i n  along w ith  the  

non rubbers  g e t  removed in  th e  skim l a t e x .  Those p r o t e i n s  remain­

ing  in the  l a t e x  have been a^£fc~rated—wd-t-h—&cuia—o.£_the propert i e s

f r : '  - r "  ' 1

I T 4 f



Eventhough a l o t  o f  s t u d i e s  have been c a r r i e d  out on pro ­

t e i n s  in  NR l a t e x ,  th e  volume o f  work on p r o t e i n s  in c o n cen tra ted  

l a t e x  i s  much l e s s  d e s p i t e  th e  f a c t  t h a t  co n ce n tr a ted  l a t e x  i s  

the  main raw m a t e r i a l  f o r  a lmost  a l l  l a t e x  p r o d u c ts .  R ecen t ly  the

s t u d i e s  on p r o t e i n s  p r e s e n t  in  c o n ce n tr a te d  l a t e x  has been i n t e n -
18

s i f i e d  and such s t u d i e s  are  very  r e l e v a n t  in the  p r e s e n t  c i r ­

cumstances  b ecau se  some p r o t e i n s  in  NR l a t e x  g l o v e s  have been 

i d e n t i f i e d  as  so urce  of  some a l l e r g i c  problems in  s e n s i t i v e  human 

b e i n g s .
18

P r o t e i n s  in  HA l a t e x  c o n c e n t r a te  are d i s t r i b u t e d  between  

two main f r a c t i o n s ,  serum f r a c t i o n  and rubber f r a c t i o n .  The serum 

f r a c t i o n  c o n t a in  s i x  p r o t e i n s  and had m olecu lar  w e ig h ts  

1 4 , 2 4 , 2 9 , 3 6  & 45 kDa and another  p r o t e i n  o f  m olecu lar  weight

g r e a t e r  than 100 kDa. ( F i g . 3 ) .  They form a group of  p r o t e i n s  

which are most l i k e l y  t o  be p r e s e n t  in  aqueous e x t r a c t s  o f  l a t e x  

p r o d u c t s .  They are  most r e a d i l y  leach ed  out during p r o c e s s in g .

P r o t e i n s  a s s o c i a t e d  w i th  th e  rubber p a r t i c l e s  (RP) are  

mainly  th e  14 kDa with  a minor 24 kDa p r o t e i n ,  they  are presumed 

to  be l o o s e l y  bound to  the  RP membrane and were p a r t l y  e x t r a c t -  

a b le  by ammonia s o l u t i o n .  A g r e a t e r  p o r t io n  was s t r o n g l y  bound to



RP membrane and r e q u ir e  a d e t e r g e n t  s o l u t i o n  (SDS) or organic  

s o l v e n t  (Chloroform- m eth a n o l ) .  The ammonia e x t r a c t s  on a n a l y s i s  

( SDS_PAGE ) showed a 14 kDa and a 24 kDa p r o t e i n s .  A 2 % SDS

s o l u t i o n  e x t r a c t  on a n a l y s i s  showed one prominent p r o t e in  band at

14 kDa which may again  be th e  14 .6  kDa p r o t e i n ,  and two l e s s

prominent bands a t  24 kDa and 29 kDa. ( F i g . 3 ) .  A s i m i l a r  e x t r a c -  
*-

t i o n  o f  serum f r e e  RP o f  Hevea B r a s i l i e n s i s  l a t e x  by Dennis  and
19

Light  showed a minor 24 kDa p r o t e i n  and a major 14 .6  kDa pro ­

t e i n  which they  termed "Rubber E lo n g a t io n  F a c to r ” (REF). A more

s e l e c t i v e  e x t r a c t i o n  o f  RP p r o t e i n s  can be obta ined  with  Chloro-
19

form-M ethanol . These p r o t e i n s  a s s o c i a t e d  with  RP would be

exp ected  t o  remain in the  leach ed  l a t e x  p ro d u cts .  Thus any i n f l u  

ence o f  p r o t e i n s  on p r o p e r t i e s  o f  l a t e x  products  would be l a r g e l y  

a t t r i b u t e d  to  t h e s e  p r o t e i n s .  T h ere fore  s t u d i e s  are more cen tered  

on th e  p r o t e i n s  a s s o c i a t e d  w i th  the  RP, s i n c e  t h e s e  have been 

rep o r ted  to  be r e s p o n s i b l e  f o r  th e  a n a p h y la c t i c  r e a c t i o n s  in  

s e n s i t i s e d  p e o p le .

1 . 4  EXTRACTABLE PROTEINS (EP) FROM LATEX FILM

On p r o c e s s i n g  f r e s h  l a t e x  i n t o  HA con cen tra ted  l a t e x ,  pro­

t e i n  c o n t e n t  reduces  from 30 -  50 mg/g rubber to  20 -26 mg/g



B D

A. SDS-exiractcd proteins o f RP from 30-day-old RRIM  729
B. Proteoiipid fraction o f RP from 35-day-oId RRIM  600
C. Glycoprotein fraction o f RP from 44-day-old PR 255
D. Ammonia-extracted proteins o f  R P  from 4S-day-old RRIM  701
E. Serum proteins of 48-day-old R R IM  701 concentrate
F. Molecular weight markers (kDa)

Figure 3  SDS-PAGE o f proteins from the rubber and serum fractions o f  HA latex 
concentrates.



r u b b e r  w i t h  t h e  p r o t e i n s  g e t t i n g  d i s t r i b u t e d  b e tw e e n  t h e  r u b b e r
1 6 ,1 7

and s e r u m  p h a s e .  Q u a l i t a t i v e l y  t h e  p r o t e i n s  r e t a i n e d  on t h e

r u b b e r  p a r t i c l e s  i n  t h e  c o n c e n t r a t e  a r e  n o r e  o r  l e s s  t h e  s a n e  a s

t h o s e  i n  f r e s h  l a t e x ,  b u t  q u a n t i t a t i v e l y  t h e y  d i f f e r  ow ing  t o

e x t r a c t i o n  o f  s o a e  o f  t h e  p r o t e i n s  b y  a s n o n i a .  However,  s e r u a

p r o t e i n s  d i f f e r  g r e a t l y .

Of t h e  t o t a l  p r o t e i n s  i n  a  l a t e x ,  o n l y  a  s n a i l  p o r t i o n  i s

w a t e r  s o l u b l e .  W hereas  t h e  t o t a l  p r o t e i n  c o n t e n t  o f  HA l a t e x

c o n c e n t r a t e  i s  20 -  26 n g / g  r u b b e r ,  t h e  EP i s  o n l y  a b o u t  0 . 0 4

m g / g  r u b b e r .  Compounding i n c r e a s e s  t h e  l e v e l  o f  EP t o  0 . 1 4  Tng/g

r u b b e r  w h ic h  on h e a t i n g  g e t  f u r t h e r  i n c r e a s e d  t o  a b o u t  0 . 3 4  m g / g  
21

r u b b e r .  The o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  p r e s e n c e  o f  s o a p .  

P o t a s s i u m  h y d r o x i d e  and i o n i c  s p e c i e s  i n  t h e  l a t e x  compound p l a y s  

a  r o l e  i n  t h e  e x t r a c t a b i l i t y  o f  p r o t e i n s .  The n a t u r e  o f  t h e  

p r o t e i n s  a l s o  c o n t r i b u t e  t o  t h e  e x t r a c t a b i l i t y . #

1 . 5  fTHY PROTEINS ARE BELIE7ED TO BE THE CAUSATX7E

22
I t  was A.F N u t t e r  who f i r s t  r e p o r t e d  i n  1979 t h a t  c o n t a c t  

u r t i c a r i a  c o u l d  be  c a u s e d  by l a t e x  i t s e l f ,  c o n t r a r y  t o  t h e  b e l i e f  

t h a t  l a t e x  compound ing  i n g r e d i e n t s  p r e s e n t  i n  g l o v e s  w ere  r e s p o n ­



s i b l e  f o r  i t .  The n a i n  e v i d e n c e  f o r  t h e  a b o v e  f i n d i n g s  w ere
2 3 , 2 4  57

s t a n d a r d  d e r n a t o l o g i c a l  t e s t s .  ( e g . :  S k i n  p r i c k  t e s t s ,

p a t c h  t e s t  e t c . )  Use o f  i n  v i t r o  RAST ( R a d i o a l l e r g o s o r b e n t  t e s t
25

) p r o c e d u r e  a l s o  showed t h a t  l a t e x  p r o t e i n s  w e re  a l l e r g e n s .
26

The f i r s t  r e p o r t  o f  an a n a p h y l a c t i c  s h o c k  c a u s e d  by t h e

u s e  o f  s u r g i c a l  g l o v e s  c o n e  f r o n  F i n l a n d  i n  1984 ,  The syndrome o f
27

i t  c a n  be  d e s c r i b e d  a s  f o l l o w s : -  e x p o s u r e  t o  p r o t e i n  a l l e r g e n s  

i n  c e r t a i n  i n d i v i d u a l s  l e a d s  t o  r e s p o n s e  i n  t h e i r  imsiune s y s t e m  

w h i c h  b r i n g s  a b o u t  a  c o n d i t i o n  o f  h y p e r s e n s i t i v i t y  known a s  

a n a p h y l a x i s .  ( G r e e k  a n a  = a g a i n s t ,  p h y l a x i s  = p r o t e c t i o n  ) On 

s u b s e q u e n t  e x g p s u r e ,  t h e  i n t e r a c t i o n  o f  t h e  a l l e r g e n s  w i t h  a n t i ­

body  fo rm ed  i n  t h e  s e n s i t i z i n g  p h a s e  c u l m i n a t e s  t h r o u g h  a  com plex  

m echan ism  i n  a  s y s t e m i c  r e l e a s e  o f  h i s t a m i n e  and  o t h e r  a m in e s .  

The m a in  e f f e c t  o f  h y s t a m i n e  i n  t h e  c i r c u l a t i o n  i s  t o  d i l a t e  t h e

p e r i p h e r a l  v e s s e l s ,  w i t h  a  c o n s e q u e n t  s e v e r e  f a l l  i n  b l o o d  p r e s -
27

s u r e  and  a n a p h y l a c t i c  s h o c k .  Among t h e  e f f e c t s  s e e n  a r e  s p e e d i n g  

o f  h e a r t  r a t e ,  b r e a t h i n g  d i f f i c u l t y ,  u r t r i c a r i a ,  f l u i d  r e l e a s e  i n  

t h e  t i s s u e s  and  u n c o n s c i o u s n e s s .  S e v e r i t y  and  d a n g e r  o f  a n a p h y ­

l a x i s  hav e  a l s o  b e e n  r e p o r t e d  i n  a  num ber  o f  p u b l i c a t i o n s .
2 3 , 2 8 , 2 9 , 3 0

However  i t  i s  p e r t i n e n t  t o  n o t e  h e r e  t h a t  t h o u g h  t h e  e f f e c t



o f  a n a p h y l a x i s  may b e  s e v e r e  t o  t h e  i n d i v i d u a l s  s u f f e r i n g  f rom 

i t ,  c o n s i d e r i n g  t h e  v e r y  l a r g e  number  o f  t h e  u s e r s  o f  - l a t e x  

p r o d u c t s  w o r ld  w i d e ,  p e r s o n s  g e t t i n g  a f f e c t e d  a r e  o n l y  a  m i n o r i ’> 

t y .
29

B etween  1979 and  1986 M o r a l e s  e t  a l  s t u d i e d  s i x  p a t i e n t s  

w i t h  a n a p h y l a c t i c  s h o c k  c a u s e d  by  g l o v e s  and  b a l l o o n  c o n t a c t  and 

p u b l i s h e d  s t r o n g  e v i d e n c e  t h a t  p r o t e i n s  i n  t h e s e  a r t i c l e s  w ere  

r e s p o n s i b l e . S i n c e  1986 more  t h a n  40 p a p e r s  h a v e  b een  a p p e a r e d  and 

t h e  number c o n t i n u e s  t o  i n c r e a s e .  From t h e s e  p a p e r s ,  d i p p e d  

p r o d u c t s  c a u s i n g  Type I  a l l e r g i c  r e a c t i o n s  can  be  s a i d  t o  i n c l u d e  

g l o v e s , ( h o u se  h o l d ,  s u r g i c a l ,  e x a m i n a t i o n  ) condoms, t o y  b a l ­

l o o n s ,  c u f f s  on enema a d m i n i s t r a t i n g  d e v i s e s ,  d e n t a l  c o f f e r  dams 

e t c .

^11 w o rk s  d o n e  i n  t h i s  a r e a  show t h a t  t h e r e  a r e  a  number o f  

a l l e r g e n i c  p r o t e i n s  o f  v a r y i n g  m o l e c u l a r  w e i g h t s .  " E l e c t r o p h o r e ­

s i s  (SDS-PAGE) o f  B- s e r u m ,  C -  se ru m  and r u b b e r  p a r t i c l e  membrane
31

e x t r a c t s  by E S u n d e r a s e n  e t  a l .  r e v e a l e d  t h e  d i f f e r e n c e  i n  t h e  

p r o t e i n  c o m p o s i t i o n  o f  t h e  v a r i o u s  e x t r a c t s .  F i g .  4 .  C se rum  

showed t h e  m os t  n u m e ro u s  b a n d s  r a n g i n g  f rom 5 kDa up t o  100 kDa. 

B se ru m  h a s  f e w e r  i n  number b u t  d i s c e r n i b l e  b a n d s  a p p e a r e d  a t  14,  

2 0 ,  2 5 ,  30 ,  35 kDa and l e s s  p r o m i n e n t  b a n d s  a t  43 and 57 kDa. Two 

m a j o r  c o m p o n en t s  o f  r u b b e r  p a r t i c l e  membrane e x t r a c t  w ere  d e t e c t -
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I m n u n o b l o t i n g  o f  t h e  SDS -  PAGE w i t h  e l e v e n  i n d i v i d u a l s  and 

two p o o l  p l a s m a  IgE p o s i t i v e  t o  l a t e x  p r o t e i n  d e m o n s t r a t e d  t h e  

p r e s e n c e  o f  a l l e r g e n s  i n  a l l  t h e  H evea  e x t r a c t s  exam ined  a l t h o u g h  

t h e r e  w e re  n o t a b l e  d i f f e r e n c e s  i n  e a c h  i n d i v i d u a l s  r e s p o n s e  t o  

t h e  e x t r a c t s .

N i n e  o u t  o f  t h e  e l e v e n  p a t i e n t s  w e r e  f o u n d  t o  b e  p o s i t i v e  t o  

B s e r u m  w h i l e  p o s i t i v e  b a n d s  w e re  a l s o  o b s e r v e d  i n  C se rum  f rom 

e i g h t  p a t i e n t s .  Rubber p a r t i c l e  membrane p r o t e i n s  have  t h e  l e a s t  

a l l e r g i n i t y  > w i t h  o n l y  t h r e e  p a t i e n t s  fo u n d  t o  be p o s i t i v e .  B o th  

t h e  p o o l  p l a s m a  t e s t e d  w e re  p o s i t i v e  t o  B se rum  p r o t e i n s  w h i l e

o n l y  o n e  o f  them  r e a c t e d  t o  a  C se ru m  p r o t e i n .

The  im m u n o b lo t s  a l s o  r e v e a l e d  t h e  p r e s e n c e  o f  some a l l e r g e n s  

t h a t  w e re  r e c o g n i s e d  by IgE i n  many o f  t h e  p l a s m a  s a m p l e s  t e s t e d .  

The m o s t  f r e q u e n t  b a n d s  o b s e r v e d  i n  B s e r u m  b l o t s  w e re  i n  t h e

r e g i o n  o f  43  kDa t o  65 kDa and w i t h  a  t h i c k  sm ea r  a t  58 kDa. The

m a j o r i t y  o f  t h e  C serum p o s i t i v e  p a t i e n t s  had a  IgE b i n d i n g  t o  &
32

t h i c k  b a n d  i n  t h e  r e g i o n  o f  14 kDa. S l a t e r  and  C h a b r a  d e s c r i b e d  

a  14 kDa p r o t e i n  t o  be  a  m a j o r  a l l e r g e n  among U.S s p i n a  b i f i d a  

p a t i e n t s .  A n t i  b o d i e s  a g a i n s t  a  14 kDa p r o t e i n  w ere  a l s o  fo u n d  

f r e q u e n t l y  among t h e  F i n n i s h  p a t i e n t s  w i t h  c o n g e n t i a l  a n o m a l i e s  

and a l s o  among a d u l t  l a t e x  a l l e r g i c  p a t i e n t s .  I n  v iew  o f  t h e



num erous  m o l e c u l a r  w e i g h t  ( 14 kDa and  b e lo w  > p o l y p e p t i d e s  t h a t
3 3 ,  35

have  b e e n  r e p o r t e d  t o  b e  a l l e r g e n i c ,  t h e  p o s s i b i l i t y  e x i s t s

t h a t  some o f  t h e s e  c o u l d  b e  t h e  b r e a k  down f r a g m e n t s  o f  l a r g e r  

p r o t e i n s . "  The  a b o v e  o b s e r v a t i o n s  a l s o  p o i n t  o u t  why d i f f i c u l t i e s  

a r e  e x p e r i e n c e d  i n  c o m p a r i n g  t h e  r e s u l t s  on w ha t  i s  a p p a r e n t l y  

t h e  same m a t e r i a l  ( e g .  i n  e x t r a c t s  o f  e x a m i n a t i o n  g l o v e s  f rom  a  

m a n u f a c t u r e r  ) l e t  a l o n e  f ro m  d i f f e r e n t  s o u r c e s .  I t  s h o u l d  be  

s u r p r i s i n g  f o r  t h r e e  r e a s o n s .  F i r s t l y ^  i n d i v i d u a l s  may be  a l l e r  

g i o  t o  d i f f e r e n t  e x t e n t s  ( i n c l u d i n g  n o t  a l l e r g i c  a t  a l l  ) t o  

d i f f e r e n t  p r o t e i n s .  S e c o n d l y ,  t h e  p r o t e i n  c o m p o s i t i o n  o f  commer­

c i a l  c o n c e n t r a t e  can  n o t  be  c o n s i d e r e d  s t r i c t l y  i n v a r i a b l e .

T h i r d l y ,  t h e  k i n d s  p r o t e i n s  t o  be  f o u n d  i n  d i p p e d  g o ods  n i g h t
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de p en d  c r i t i c a l l y  on t h e  m a n u f a c t u r i n g  p r o c e s s  and p r o d u o -

t i o n  o f  s a f e  p r o d u c t s  i s  n o t  i m p o s s i b l e .

1 . 8  EXTRACTABLE PROTEIH FROM LATEX DIPPED PRODUCTS

NR l a t e x  d i p p e d  p r o d u c t s  c o n t a i n  two k i n d s  o f  p r o t e i n s  _  

t h a t  t i g h t l y  bound t o  t h e  r u b b e r  p a r t i c l e s  and t h e  s o l u b l e  se rum 

d e r i v e d  p r o t e i n s  r e m a i n i n g  a f t e r  t h e  l e a c h i n g  /  w a s h in g  d u r i n g  

m a n u f a c t u r e .  The l a t t e r  g i v e  r i s e  t o  t h e  m o s t  o f  t h e  EP.



1 . 7  EXTRACTABLE PROTEIN FROM NR LATEX GLOVES

A m a j o r  demand f o r  NR l a t e x  c o n c e n t r a t e  i s  i n  t h e  m a n u f a c ­

t u r e  o f  l a t e x  g l o v e s  f o r  e x a m i n a t i o n ,  s u r g i c a l  and  d o m e s t i c  u s e .  

The g l o b a l  demand f o r  NR l a t e x  e x a m i n a t i o n  g l o v e s  i n  p a r t i c u l a r  

h a s  i n c r e a s e d  s i g n i f i c a n t l y  i n  r e c e n t  y e a r s  w i t h  t h e  r i s e  i n  t h e  

i n c i d e n c e  o f  t h e  a c q u i r e d  immuno d e f i c i e n c y  synd rom e  (AIDS) 

i n f e c t i o n .

A l o t  o f  work had  b e e n  d o n e  r e l a t i n g  t h e  £P f ro m  l a t e x

g l o v e s  a f t e r  t h e  r e p o r t  o f  t h e  a n a p h y l a c t i c  s h o c k  o c c u r r i n g  in

s e n s i t i s e d  p e r s o n s  by t h e  p r o t e i n s  p r e s e n t  i n  t h e  g l o v e s  and  a
3 4 , 3 5 , 3 6 , 3 7 , 3 8

number  o f  r e s e a r c h  p a p e r s  had b e e n  p u b l i s h e d .  E
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S u n d e r a s e n  e t  a l  c o n d u c t e d  a  two d i m e n s i o n a l  (2D) immunoelec*  

t r o p h o r e s i s  and  W e s t e r n ' i m m u n o b l o t  t o  i n v e s t i g a t e  w h e t h e r  t h e  

w a t e r  s o l u b l e  a n t i g e n s  f r o m  l a t e x  e x a m i n a t i o n  g l o v e s  o r i g i n a t e d  

f ro m  t h e  RP membrane p r o t e i n ,  t h e  C se rum  o r  t h e  b o t t o m  

f r a c t i o n . F i g  5(ft-f;« They f o u n d  t h a t  l a t e x  B se rum  p r o t e i n s  f e a t u r e d

s t r o n g l y  a s  a n t i g e n s  i n  t h e  p r o t e i n s  e x t r a c t e d  f ro m  l a t e x  g l o v e s .
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R e c e n t l y ,  A R Sh am su l  B a h r i  e t  a l  i n v e s t i g a t e d  t h a t  t h e  

c a u s e  o f  s o l u b l e  p r o t e i n s  i s  e l u t i n g  m a i n l y  f rom  t h e  i n n e r  s u r ­

f a c e  o f  l a t e x  g l o v e s  a s  co m p ared  w i t h  t h e  o u t e r  s u r f a c e .  I t  was



Figure 5fl. 2D-lnimiinoelectrophoresis of 
glove eluate.

F/.e»rrc'5/7. 2D-)mminwclvciwphorcsis of high 
imtmoninicci (UA) lofe.\ .serum.

Figure^c. 2D-}mmuiwehctniphoresis of pre- 
yulcani\ed laiex serum.

•4i' • -■Prvtt'T.Jj -̂ vl.%1'C•' - j' •»•• ••'•»'■ /.V' :

Figure ̂ e. 2D-lmmunoelcctrophoresis of 
C-serunt.

Figure ̂ d. 2l)-Jtnnumoelccirophore.\is of 
B-.\eruin.

Figure f̂. 2P'lmmmu*ehvfwphon‘sis of 
rubber puriitie mcnibnuw pnuciiis.



s u g g e s t e d  t h a t  d i f f e r e n t i a l  l e a c h in g  o f  p r o t e i n s  from th e  two 

g l o v e  s u r f a c e s  was not  due to  th e  e x i s t e n c e  o f  a b a r r i e r  to  

p r o t e i n  d i f f u s i o n .  I t  was b e s t  e x p la in e d  by th e  m igrat ion  o f

p r o t e i n s  t o  th e  inner  g l o v e  s u r f a c e  during  manufacture.
39

S t u d i e s  by Cardosa e t  a l  in t r o d u c e s  t o  rubber manufactur­

e r s  the  concept  o f  enzyme immuno a s sa y  and d e s c r i b e s  v a r io u s  

immunoassay formats  by which a n t ig e n s  can be d e t e c t e d .  The paper 

d e s c r i b e s  a number o f  examples which show t h a t  g l o v e  produced by 

d i f f e r e n t  m anufacturers  c o n ta in  d i f f e r e n t  amounts o f  a n t ig e n s  and 

monoclonal  a n t i b o d i e s  are used t o  show t h a t  d i f f e r e n t  a n t ig e n s  

are found in d i f f e r e n t  g l o v e s .

1 . 8  WHY PROTEIN REMOVAL IS ESSENTIAL

As i t  has been f a i r l y  w e l l  e s t a b l i s h e d  now t h a t  the  cause of  

th e  immediate typ e  a l l e r g i c  r e a c t i o n  to  l a t e x  products  i s  the  

p r e sen ce  o f  EP, I t  must be t h e o r e t i c a l l y  p o s s i b l e  t o  prevent  

a l l e r g e n i t y  by e x t r a c t i n g  the p r o t e i n  from th e  products  during  

m anufactur ing .  However no e x t r a c t i o n  p r o c e s s  i s  100 % e f f e c t i v e  

and even th e  minute t r a c e s  of th e  a l l e r g e n s  may cause a l l e r g i c  

r e a c t i o n  t o  a lr e a d y  s e n s i t i s e d  p e r s o n s .  What i s  e s s e n t i a l l y  

req u ired  now i s  t o  reduce the  l e v e l  o f  e x t r a c t a b i l i t y  of  p r o t e i n s



from l a t e x  prod u cts  to  th e  lo w e s t  p o s s i b l e  l e v e l  so t h a t  no new

person become s e n s i t i s e d  by c o n t a c t  w ith  such p r o d u c t s . S t u d ie s  
34

show t h a t  h igher  EP c o n t e n t s  are always a s s o c i a t e d  w ith  p o s i ­

t i v e  a l l e r g i c  r e s p o n s e s ,  w h i l e  v er y  low EP l e v e l s  tend to  e x h i b i t  

weak or no a l l e r g i c  r e a c t i o n .  No th r e sh o ld  l e v e l s  have been 

e s t a b l i s h e d .

THe Food and Drugs A d m in is tr a t io n  ( FDA ) ,U .S .A  i s s u e d  an 

a d v i s o r y  l e t t e r  in May 1991 to  manufacturers  o f  l a t e x  d e v i s e s  

s u g g e s t i n g  d i f f e r e n t  s t e p s  to  minimise  the  EP l e v e l  from l a t e x  

go o d s .  S teps  which can he lp  th e  p rod u ct ion  o f  low EP l a t e x  goods  

in c lu d e  th e  use  o f  low p r o t e i n  l a t e x  c o n c e n tr a te  f o r  th e  manufac­

tu r e  o f  l a t e x  p r o d u c t s ,  proper c h o ic e  o f  compounding 

i n g r e d i e n t s , proper l e a c h i n g  o f  the  p r o d u c ts ,  impart ing  s p e c i a l  

t r ea tm e n ts  l i k e  c h l o r i n a t i o n ,  s u r f a c e  c o a t in g  e t c .

Firms w is h in g  t o  o b ta in  p erm iss io n  from F D A t o  market  

s u r g i c a l  g l o v e s  in  th e  United  S t a t e s  must supply  F D A  w ith  d a ta  

from a Primary Skin I r r i t a t i o n  Study and Dermal S e n s i t i z a t i o n  

Study.  Before  Feb. 1993 , t h e s e  s t u d i e s  were req u ired  only  f o r  

s u r g i c a l  g l o v e s .  Because a l l  m edica l  d e v i c e s  must be demonstrated  

to  be b io c o m p a t ib l e ,  t h e s e  s t u d i e s  are now requ ired  f o r  p a t i e n t  

examination g l o v e s  a l s o .



The amount o f  p r o t e i n s  p r e s e n t  in  a l a t e x  co n c e n tr a te  ap­

pears  t o  be c o n s ta n t ;  but the  amount o f  EP remaining in a dipped
39

l a t e x  product  i s  h ig h ly  v a r i a b l e .  T h is  v a r i a b i l i t y  e x i s t s  due 

to  th e  d i f f e r e n c e s  in  the  m anufacturing p r o c e s s  in  v a r io u s  f a c t o ­

r i e s  .
6

H Hasma has s tu d ie d  th e  changes  in the  com posit ion  o f  

p r o t e i n s  from f r e s h  l a t e x  to  HA l a t e x  t o  compounded l a t e x  and pre  

v u l c a n i s e d  l a t e x .  P r o t e i n s  are a n a ly sed  by i s o  e l e c t r i c  f o c u s s i n g  

and SDS -  PAGE e l e c t r o p h o r e s i s .  The p r o t e i n s  undergo some changes  

on p r o c e s s i n g  th e  l a t e x  prod u cts  l e a v i n g  mainly the  a n io n ic  

p r o t e i n s  o f  PI between pH 3 .5  to  6 . 0  and m olecu lar  weight  6 .0  t o  

l e s s  than 1 4 .0  kDa from the  major e x t r a c t a b l e  p r o t e i n s  from the  

examinat ion  g l o v e s .

C e n tr i fu g e d  l a t e x  c o n c e n t r a te  has a t o t a l  p r o t e in  co n te n t  o f
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about 16 t o  20 mg/g rubber.  Doubly c e n t r i f u g a t i o n  reduces  the  

t o t a l  p r o t e i n  c o n te n t  by another 25 -  30 % when f r e s h l y  prepared.  

The EP c o n t e n t  o f  s i n g l y  c e n t r i f u g e d  l a t e x  c o n cen tra te  i s  on ly  

about 0 . 5  mg/g rubber. This  i s  c o n s id e r a b l y  lower than in f r e s h  

l a t e x  f i l m .  When s to r e d  b e fo r e  f i l m i n g ,  th e  EP v a lu e  i n c r e a s e s  

and can reach  1 mg/g or s l i g h t l y  h ig h e r .  Double c e n t r i fu g e d  l a t e x



shows a d e c r e a s e  in EP c o n t e n t .  The v e r y  low v a l u e s  of  EP co n ten t  

f o r  double  c e n t r i f u g e d  l a t e x  i s  b e l i e v e d  to  be due to  the removal  

of  io n s  from the system thus  making th e  p r o t e i n s  l e s s  s o l u b l e .

On compounding th e  l a t e x  c o n c e n t r a t e ,  the  EP co n ten t  i n ­

c r e a s e s ,  probab ly  dud to  the  p r e sen ce  o f  soap,KOH, and other  

i o n i c  s p e c i e s  in th e  system. F r e sh ly  compounded l a t e x  can have EP 

v a l u e s  t w i c e  t h a t  o f  uncompounded l a t e x .  On maturation the  EP 

v a l u e s  can d e c r e a s e  or even in c r e a s e  depending on exper im enta l  

c o n d i t i o n s .

V u lc a n i s a t io n  can be c a r r ie d  out e i t h e r  by h ea t in g  the  l a t e x  

t o  g i v e  pre v u l c a n i s e d  l a t e x  or by h e a t in g  th e  dipped f i l m  from 

the  compounded l a t e x  ( p o s t  v u l c a n i s a t i o n  ) .  Heating  compounded 

l a t e x  t o  produce pre v u lc a n i s e d  l a t e x  i n c r e a s e s  th e  EP c o n te n t .  

The e x t e n t  of  i n c r e a s e  depends on th e  fo r m u la t io n ,  the  t ime and 

th e  temperature o f  h e a t in g .

Leaching  o f  l a t e x  f i l m  reduces  the  EP c o n t e n t .  
4 0 , 4 1 , 4 2 , 4 3 , 4 4

But th e  e x t e n t  o f  r e d u c t io n  i s  dependent on the  

c o n d i t i o n s  used in  l e a c h in g .  Leaching can be c a r r i e d  out on the  

wet f i l m  (wet g e l  l e a c h in g  ) or on dry f i l m  (Dry g e l  l e a c h i n g ) .  

Wet g e l  l e a c h i n g  i s  q u i e t  e f f e c t i v e  f o r  pre v u l c a n i s e d  f i l m  where 

th e  l a t e x  a lre a d y  has high EP c o n t e n t .



There are t h r e e  approaches  t o  d e c re a se  the EP co n ten t  in  

l a t e x  p r o d u c t s : -  pre p r o c e s s i n g , p r o c e s s i n g  and p o s t  p r o c e s s in g .

1 . 9 . 1 .  Pre p r o c e s s i n g

Ammoniation and p r e s e r v a t i o n  o f  l a t e x  degrades  the  NR l a t e x  

p r o t e i n s .  A minimum time i s  e s s e n t i a l  b e fo re  the  maximum degrada  

t i o n  p r o c e s s .  There i s  e v i d e n c e s  t h a t  ammoniated hold t ime i s  

most e f f e c t i v e  f o r  p r o t e i n  d eg r a d a t io n  be fore  any compounding has  

occu rred .  S i n g l e ,  double  and t r i p l e  c e n t r i f u g a t i o n  p r o c e s s  d e ­

c r e a s e s  the t o t a l  p r o t e i n  c o n t e n t .  Enzyme treatm ent  w ith  a l c a s e ,  

papain or endogeneous p r o t e o t y p e  enzymes a l s o  d e c r e a s e s  the  

p r o t e i n  c o n te n t .  The r e s u l t i n g  in c r e a s e d  cure time and p o t e n t i a l  

l o s s  o f  some of th e  p h y s i c a l  p r o p e r t i e s  l i m i t s  th e  use  o f  t h i s  

approach.Use o f  th e  s u r f a c t a n t s  during  c e n t r i f u g a t i o n  h e lp s  to

d i s ._.place hydrophobic p r o t e i n s  from th e  p o ly  isop ren e  p a r t i c l e s

and m o b i l i z e  p r o t e i n s  f a c i l i t a t i n g  m igrat ion  during p r o c e s s in g .

Use of  d e - p r o t e n i s e d  l a t e x  (DPNR) by enzyme treatm ent  and 

c e n t r i f u g a t i o n  or by pre v u l c a n i s a t i o n  and c e n t r i f u g a t i o n  f o r  

product  manufacturing can reduce  the  EP c o n te n t .

A s u b s t a n t i a l  amount o f  water  s o l u b l e  p r o t e i n  can be g e n e r ­

ated  during the  compounding o f  l a t e x  and upon h ea t in g  o f  the



l a t e x  compound (p re  v u l c a n i s a t i o n ) .  By a p r o c e s s  o f  re -  c e n t r i f u ­

g a t io n  o f  d i l u t e d  p r e v u lc a n i s e d  l a t e x ,  i t  i s  p o s s i b l e  to  remove a

la r g e  amount o f  water s o l u b l e  p r o t e i n s  from the  p r e v u lc a n ise d  
45

l a t e x .
4 6 ,4 7

Thus th e  u se  of  a low p r o t e i n  l a t e x  w i l l  e f f e c t i v e l y

reduce th e  l e v e l  o f  the  EP c o n ten t  from l a t e x  p ro d u cts .

1 . 9 . 2 .  P r o c e s s i n g

Leaching p r o c e s s  i s  c r i t i c a l .  Leaching i s  the  p r o c e s s  o f  

removal o f  h yd rop h y l ic  m a t e r i a l s  from l a t e x  dipped products  by 

washing them in water .  I t  i s  an e s s e n t i a l  p r o c e s s  f o r  th e  manu­

f a c t u r e  o f  dipped l a t e x  p r o d u c t s .  The removal of  e x c e s s  o f  the  

c o a g u la n t  and th e  added compounding i n g r e d i e n t s ,  water s o l u b l e  

non- rubbers  i n c l u d i n g  p r o t e i n s  e t c  r e s u l t s  in  th e  improvement o f  

p h y s i c a l  p r o p e r t i e s  such as T e n s i l e  s t r e n g t h ,  f i l m  c l a r i t y ,  

p r e v e n t io n  o f  s u r f a c e  blooms and reiduction in  water  absorpt ion  of  

dipped p ro d u c ts .T h e  e f f e c t i v e n e s s  o f  l e a c h i n g  p r o c e s s  i s  c r i t i c a l  

in  the  d e te r m in a t io n  of  the  o v e r a l l  q u a l i t y  o f  the  product .

I t  i s  i n t e r e s t i n g  to  n o t e , t h a t  a non leached  oven d r ied  f i lm  

i s  lower in  EP than a s l i g h t l y  leached  oven d r ie d  f i lm .  I t  i s  

a p p a r en t ly  e s s e n t i a l  to  hydrate the  f i l m  to  p ro v id e  both s w e l l i n g



heat cu r in g  p r o c e s s  when th e  m atr ix  c o n t r a c t s .  U t i l i z a t i o n  of
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h o t t e r ,  l o n g e r ,  f r e s h e r  l e a c h  water a d d i t io n  o f  ammonium s u l ­

phate ,  s u r f a c t a n t  e t c  a f f e c t  the  l e v e l  o f  p r o t e i n s  in the

p r o d u c t .

There are b a s i c a l l y  two methods o f  l e a c h i n g ,  wet g e l  l e a c h -
4 1 ,4 3

ing and dry f i l m  l e a c h i n g .  The former i n v o l v e s  the  washing

of  the  wet g e l ,  i e  the  g e l l e d  d e p o s i t  on th e  fo r m e r ,p r io r  to

drying  and v u l c a n i s a t i o n . l t  i s  u s u a l l y  c a r r i e d  out o n - l i n e .D r y

f i l m  washing i s  an o f f - l i n e  p r o c e s s  and c o n s i s t s  of  washing o f

the d r ie d  v u l c a n i s e d  l a t e x  product  a f t e r  removal from the former.
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In the  p ro d u c t io n  o f  l a t e x  examinat ion  g l o v e s ,  wet g e l

l e a c h in g  i s  o f t e n  c a r r i e d  out f o r  a p e r io d  o f  s e v e r a l  m i n u t e s , 1 

to  5 minutes  in  a co n t in u o u s  chain  d ip p in g  l i n e .  the  a c t u a l  

l e a c h in g  t ime i s  very  much dependent upon th e  d es ign  o f  the

d ip p ing  u n i t .

The v a r i o u s  l e a c h i n g  parameters  l i k e  temperature and f low

ra te  o f  l e a c h i n g  w ater ,  t ime o f  l e a c h in g ,  TDS ( t o t a l  d i s s o l v e d

s o l i d s )  and hardness  o f  l e a c h in g  water e t c  can a f f e c t  the  r e s i d u -
49

a l  p r o t e i n  c o n t e n t  in l a t e x  g l o v e s .  The t h i c k n e s s  of  the  f i l m  

a l s o  a f f e c t  th e  r e s i d u a l  p r o t e i n  co n ten t  in th e  p rod u cts .



The e x t e n t  o f  cure a f t e r  l e a c h i n g  may a f f e c t  m igrat ion  over  

t im e .  Oven temperature do a f f e c t  t h e  EP c o n ten t  d e s p i t e  the  

opt im al  cu re .

1 . 9 . 3 .  P o s t  p r o c e s s i n g

Leaching and c h l o r i n a t i o n  are both  very  e f f e c t i v e .  Enzyme 

trea tm ent  has some p ro m ise , however one must a l s o  be a l e r t  to  the  

a l l e r g i c  r e a c t i o n s  to  the  enzymes over t im e .  Coating of  NR l a t e x  

p ro d u cts  w i th  non permeable s u b s ta n c e s  i s  p o s s i b l e . L ubr icants  

l i k e  s i l i c o n e  help  t o  reduce th e  m ig ra t io n  o f  p r o t e i n s .  Petroleum  

p ro d u cts  (p e tro leu m  g e l ,  m in era l  o i l  e t c )  u t i l i z e d  as  l u b r i c a n t s  

or as sk in  p r o t e c t a n t s  should  be avoided  when used in c o n ta c t  

w ith  g l o v e s ,  condoms or o ther  p r o t e c t i v e  d e v i c e s  as th e y  break  

down th e  l a t e x  compromising b a r r i e r  i n t e g r i t y .  A u toc lav in g  d e ­

grades  the  a l l e r g e n s  but a l s o  d e c r e a s e s  th e  s t a b i l i t y  of  the  

g l o v e s .

1 . 9 . 3  a .  C h lo r in a t io n

I t  i s  an o f f - l i n e  p r o c e s s  and i s  a very  e f f e c t i v e  approach 

fox  red u c in g  s o l u b l e  p r o t e i n s .  I t  i s  b e l i e v e d  th a t  c h l o r i n e  

ren d ers  th e  p r o t e i n s  i n s o l u b l e  ( d e n a tu r in g )  or i t  forms an im­

permeable b a r r i e r  th a t  p r e v e n t s  p r o t e i n s  m ig ra t in g  to  the  s u r ­



f a c e .  I t  i s  a l s o  used where th e  usage  o f  power i s  not  s u i t a b l e ,  

as i t  enhances  th e  smoothness o f  th e  s u r f a c e .  However the  p r o c e s s

changes th e  p r o p e r t i e s  and appearances  o f  th e  p rod u cts .
4 7 , 4 8 , 4 9

C h l o r in a t io n  o f  s u r g i c a l  and exam inat ion  g l o v e s  i s

now b e in g  i n c r e a s i n g l y  c a r r i e d  out due to  th e  demand f o r  power 

f r e e  and low p r o t e i n  c o n t a in i n g  g l o v e s .  As t h e s e  products  are  

ex trem e ly  t h i n ,  c a r e f u l  c o n t r o l  o f  th e  p r o c e s s  i s  req u ired .
20

The c h e m is tr y  of  aqueous c h l o r i n a t i o n  o f  NR s u r f a c e s  has  

been d i s c u s s e d  e x t e n s i v e l y .  Various  r e a c t i o n s  are occu rr in g  

during  c h l o r i n a t i o n .  When H yd roch lor ic  a c id  i s  added i n to  a 

s o l u t i o n  o f  h y p o c h l o r i t e ,  c h l o r i n e  i s  r e l e a s e d .  In an aqueous  

system ,  c h l o r i n e  r e a c t  w ith  NR v i a  an i o n i c  mechanism to  form 

carbonium i o n s .  This  carbonium io n s  can r e a c t  by a d d i t io n  of  

c h l o r i n e ,  c r o s s  l i n k i n g  w ith  each o t h e r ,  c y c l i s a t i o n  and o x id a ­

t i o n  depending on pH o f  the  s o l u t i o n .

B a s i c a l l y  th e  p o s s i b l e  p ro d u cts  t h a t  are  formed a f t e r  ch lo  

r i n a t i o n  can be shown in a s i m p l i f i e d  form as  shown in  F ig  6.

C h lo r in a t io n  of  g l o v e s  and o th er  l a t e x  products  in v o l v e s  

only  a s u r f a c e  r e a c t i o n  in  th e  i n i t i a l  s t a g e .  Depending on the  

t h i c k n e s s  o f  th e  g l o v e ,  th e  t im e o f  c h l o r i n a t i o n  and the concen­

t r a t i o n  o f  th e  c h l o r i n e  s o l u t i o n ,  th e  r e a c t i o n  can proceed to  the  

i n s i d e .



F i g . 6 -  The poss ible  products that are formed after 
chlorination

ol

- A /I cl 
oH

The colour change i s  due to the loss  of HCl and formation 
of conjugated v inyl idene unsaturation as above.



A fte r  c h l o r i n a t i o n ,  n e u t r a l i s a t i o n  and w a sh in g , th e  prod u cts  

would have to  be heated or tumble d r i e d .  Extreme care should  be 

taken t o  ensure  t h a t  no over h e a t in g  o ccu rs .  Over h e a t in g  o f  

c h l o r i n a t e d  g l o v e s  w i l l  r e s u l t  in  co lo u r  changes  and poor  

p r o p e r t i e s .

1 . 9 . 3  b. Dry g e l  l e a c h in g

S in c e  h e a t in g  i n c r e a s e s  th e  EP c o n t e n t ,  l a t e x  f i l m s  leached  

a f t e r  dry ing  have lower EP c o n t e n t  than wet g e l  leached  f i l m s  f o r  

sh o r t  l e a c h in g  t i m e s . However, on prolonged l e a c h i n g ,  the d i f f e r ­

ence between wet g e l  l e a c h in g  and dry g e l  l e a c h in g  become narrow­

er .

For s h o r t  l e a c h in g  t i m e s , u s u a l l y  p r e v a le n t  in g l o v e s  in d u s ­

t r y ,  dry l e a c h i n g  i s  more e f f e c t i v e .  The dry leached g l o v e s  

should be f u r t h e r  d r ied  a t  lower temperature.  However a combina­

t i o n  of  wet g e l  l e a c h in g  and dry l e a c h in g  i s  more p r e f e r a b l e  
42

method.

During l e a c h i n g ,  th e  e x t r a c t i o n  o f  s o l u b l e  p r o t e i n s  i s  rapid  

i n i t i a l l y ,  but the  r a t e  o f  e x t r a c t i o n  d e c r e a s e s  q u ic k ly  and 

l e v e l s  o f f  a f t e r  some t im e .  Slow lea c h in g  o f  p r o t e i n s  can c o n t i n ­

ue f o r  s e v e r a l  hours ,bu t  f u r t h e r  r ed u ct io n  in EP c o n ten t  i s  

s m a l l .



1 . 1 0 .  ESTIMATION OF EP FROM LATEX GLOVES

Many methods are used f o r  the  q u a n t i t a t i o n  of  p r o t e i n s  and

th e y  in c lu d e  1) use  of  UV absorbence  a t  280 nm, 2)  c o l o r i m e t r i c
52 53

a n a l y s i s  ( Lowery, Bradford or B iu r e t  a s s a y ) ,  3) High Per-
54

formance Liquid Chromatography (HPLC) The Lowery and Bradford  

a s s a y s  are comparable in t h e i r  s e n s i t i v i t y  where as th e  B iu re t  

a s sa y  and UV absorbence are r e s p e c t i v e l y  about 5 and 25 t im es  

l e s s '  s e n s i t i v e  than the  Lowery a s sa y  and hence are l e s s  s u i t a b l e  

f o r  r o u t in e  a s s a y s  in v iew o f  th e  v er y  low g l o v e  p r o te in  normally  

encountered  ( o f  the  order o f  ytig o f  p r o t e i n  per gram g l o v e ,  HPLC 

method eventhough g i v e s  h i g h l y  r e p r o d u c ib le  r e s u l t s , i s  t ime  

consuming and in v o l v e s  the  u se  o f  c o s t l y  in s tr u m e n ts .  The Lowery 

and Bradford methods i n v o l v e s  th e  e x t r a c t i o n  o f  p r o t e i n s  from the  

p ro d u ct ,  p u r i f i c a t i o n  by a c id  p r e c i p i t a t i o n  and c o l o r i m e t r i c  

a s s a y .  E x t r a c t io n  of  s o l u b l e  p r o t e i n s  i s  e f f e c t e d  by e l u t i n g  two 

p i e c e s  of  g l o v e  sample o f  7cm X 7cm in  50 ml d i s t i l l e d  water .

R ec e n t ly ,  th e  l a t e x  ELISA t e s t  f o r  a n t i g e n i c  p r o t e i n s  ( LEAP
55

) have proven to  be v ery  u s e f u l  f o r  th e  q u a n t i t a t i o n  o f  the
56

l e v e l  o f  a n t i g e n i c  p r o t e i n s  in  l a t e x  e x t r a c t s .  The e x t r a c t i o n  

of  p r o t e i n s  f o r  t h i s  type  o f  t e s t i n g  i s  normally  c a r r ie d  out in 

b u f fe r e d  s o l u t i o n s  in order to  i n c r e a s e  p r o t e i n  s t a b i l i t y .



HA c e n t r i f u g e d  l a t e x  i s  be ing  used f o r  th e  commercial manu­

f a c t u r e  o f  g l o v e s  in  our cou n try .  A wet g e l  l e a c h in g  of  1 to  2 

minutes  a t  a temperature o f  50 -  80 C i s  commonly employed. This  

w i l l  not  e f f e c t i v e l y  remove th e  p r o t e i n s  t o  lower l e v e l s  o f  EP 

c o n t e n t .  The l e v e l  o f  EP c o n te n t  in  commercial  g lo v e  samples  

manufactured in  our country  i s  found t o  be rang ing  between 400 

900 mg/Kg. Table  2. So a d d i t i o n a l  t r e a tm e n ts  should be g iv en  to  

reduce th e  EP c o n t e n t .

On l i n e  t r e a tm e n ts  or t r e a tm e n ts  du r in g  p r o c e s s in g  l i k e

changing th e  f lo w  r a t e  o f  l e a c h in g  w a ter ,  hardness  and t o t a l

d i s s o l v e d  s o l i d s  (TDS) o f  water  e t c  can d e c r e a s e  the  EP c o n ten t
44

to  a c e r t a i n  e x t e n t ,  but i s  not  s u f f i c i e n t .  Other tre a tm e n ts  

l i k e  i n c r e a s i n g  th e  wet g e l  l e a c h in g  t ime or u s in g  chem ica ls  l i k e  

c h l o r i n e  s o l u t i o n  e t c  i s  e f f e c t i v e ,  but i s  n o t  e a sy ,  as i t  r e ­

q u i r e s  a l t e r a t i o n  in  the  d e s ig n  o f  th e  p l a n t  and i t  i s  c o s t  

p r o h i b i t i v e .

Another a l t e r n a t i v e  i s  th e  use  o f  low p r o t e i n  l a t t i c e s  l i k e  

d e p r o t e n is e d  l a t e x  (DPNR), doubly  or m u l t i p l e  c e n t r i fu g e d  l a t e x  

or- r e c e n t r i f u g e d  pre v u lc a n i s e d  l a t e x .  This  i s  very  e f f e c t i v e ,  

but t h e s e  ty p e  o f  low p r o t e in  l a t t i c e s  are n o t  be ing  commercial ly  

a v a i l a b l e  in  our country .



So the  e a s i e s t  way t o  reduce  th e  EP c o n te n t  in g l o v e s  and

oth er  l a t e x  dipped a r t i c l e s  i s  th e  o f f -  the  l i n e  trea tm en ts  or

p o s t  p r o c e s s  t r e a tm e n ts .

As a lr e a d y  d i s c u s s e d ,  some o f  th e  p r o t e i n s  remaining in the

products  are  c a u s in g  immediate type  o f  a l l e r g y  r e a c t i o n s  to
57

s e n s i t i s e d  p e r s o n s ,  and s i n c e  the  e f f e c t  o f  such h y p e r s e n s i t i v ­

i t y  i s  very  s e v e r e ,  the  demand f o r  g l o v e s  having low l e v e l s  o f  EP 

i s  i n c r e a s i n g .  T here fore  i t  i s  e s s e n t i a l  f o r  the  l a t e x  g lo v e  

manufacturers  t o  take  a l l  p o s s i b l e  s t e p s  to  reduce the  l e v e l  o f  

EP c o n te n t  t o  th e  lo w es t  l e v e l  as  p o s s i b l e .
ofEventhough a lo t^ s tu d y  had been done in reducing  the EP

l e v e l s  and about the  n a tu r e ,  a c t i v i t y  and q u a n t i t a t i o n  o f  the

p r o t e i n s  in l a t e x  and p r o d u c t s ,  on ly  l i m i t e d  s t u d i e s  have concen­

t r a t e d  in th e  o f f - t h e  l i n e  t r e a tm e n ts  on p ro d u c ts .

In v iew o f  th e  above,  i t  was co n s id e r e d  ap p rop r ia te  to  take

up a s y s t e m a t i c  s tudy on the  o f f  the  l i n e  t rea tm en ts  o f  g l o v e s

f o r  reducing  th e  EP c o n t e n t .

The p r e s e n t  s tudy i n c l u d e s ,

i )  th e  l e v e l  o f  EP c o n te n t  in  commercial g l o v e s  manufactured in  

our cou n try ,

i i )  t r e a tm e n ts  on l a t e x  g l o v e s  f o r  reduc ing  the  EP c o n te n t .  This  

in c lu d e  b oth  l e a c h in g  s t u d i e s  and s u r fa c e  trea tm en ts  and

i i i )  t r e a tm e n ts  on l a t e x  f i l m s  f o r  reduc ing  the  EP c o n ten t .



C H A P T E R  2

E X P E R IM E N T A L



The m a t e r i a l s  used and th e  ex p er im en ta l  procedure adopted in  

the  p r e s e n t  work are g iv e n  in t h i s  c h a p te r .

1 1 . 1. MATERIALS USED

1 1 . 1 . 1 .  Glove samples

Glove samples  used in  t h i s  s tu d y  were sup p l ied  by M/s Anu- 

sham Rubber I n d u s t r i e s  Pvt  Ltd,  Shaga Nagar, K.K Nagar, Tamil  

Nadu.

1 1 . 1 . 2 .  NR L a t t i c e s  f o r  f i l m  p r e p a r a t io n

C e n tr i fu g e d  NR l a t e x  (LA-TZ t y p e )  and double c e n t r i fu g e d  HA 

type  were obta ined  from M/s P i l o t  Latex  P r o c e s s in g  C entre ,  Che- 

t h a k k a l .

1 1 . 1 . 3 .  Chemicals

a)  Calcium c h l o r i d e  -  Used as th e  co a g u la n t  and was obtained  

from M/s Qual igens  Fine  C h em ica ls ,  Bombay.

b) Ammonia s o l u t i o n  -  Commercial grade (25 %) obtained  from M/s



Laboratory  and I n d u s t r i a l  Chem icals ,  Madras.

0)  Methanol -  Commercial grade obta in ed  from M/s Indian Drugs 

and P h a rm aceu t ica ls  Ltd, Hyderabad.

d) T r i c h l o r o  a c e t i c  a c id  ( TCA ) and P h o sp h o tu n g s t ic  ac id  ( PTA ) 

Both were used for  th e  p u r i f i c a t i o n  o f  p r o t e i n s  and was chemi­

c a l l y  pure grade o b ta in ed  from M/s Q ual igens  f i n e  c h e m ica ls ,  

Bombay.

e )  F o l i n s  C i o c a l t s  Phenol Reagent -  Obtained from M/s SISCO 

C hem ica ls ,  Bombay and was used f o r  th e  c o l o r i m e t r i c  e s t im a ­

t i o n  o f  p r o t e i n s .

f )  Sodium carbonate  -  o b ta in ed  from M/s Q u a l igen s  Fine Chemi 

c a l s ,  Bombay.

g )  Copper s u lp h a t e  -  GR grade obta ined  from M/s Sarabhai Mft
Chem icals ,  Baroda.

h) Sodium c i t r a t e  -  AR grade obta ined  from M/s E Merk ( I n d i a )  

Ltd, Bombay.

1) Sodium hydroxide -  ob ta ined  from M/s Q u a l igen s  Fine Chemi­

c a l s ,  Bombay.

j )  Sodium Lauryl  Sulphate  -  A d e t e r g e n t  and was obta ined  from 

M/s New I n d ia  Chemical E n t e r p r i s e r s ,  Kochi.

k) Sodium h y p o c h l o r i t e  -  A 10 % s o l u t i o n ,  used f o r  the prepara­

t i o n  o f  C h lo r in e  s o l u t i o n  and was o b ta in ed  from M/s Laborato­

ry and I n d u s t r i a l  Chemicals ,  Kochi.



1) H ydroch lor ic  a c id  -  AR grade obta ined  from M/s E Merk ( I n d i a )  

Ltd, Bombay.

m) Rubber ch em ica ls  -  Sulphur,  Zinc d i e t h y l  d i t h i o  carbamate.  

Zinc o x id e  e t c  were commercial  grade obta ined  from l o c a l  

s o u r c e s .  They were made i n t o  a 50 % d i s p e r s i o n  in a b a l l  

m i l l .  Potassium  hydroxide and Potass ium Laurate were used as

10 % s o l u t i o n s .

I I . 2.  TREATMENTS OH GLOVES FOR REDUCING THE EP CONTENT

O ff -  th e  l i n e  t r ea tm en ts  on g lo v e  samples  were conducted in  

th r ee  ways. 1) Leaching t e c h n iq u e ,  2) A u to c la v in g  or steam t r e a t ­

ment under p r e s s u r e  and 3)  Surface  t r e a tm e n ts  l i k e  c h l o r i n a t i o n  

and s i l i c o n i s a t i o n .

I I . 2 . 1 .  Leaching o f  g l o v e s

Off the  l i n e  l e a c h in g  on g l o v e s  were done i )  under a l k a l i n e  

c o n d i t i o n s  u s in g  0 . 5  % ammonia, i i )  u s in g  a d e t e r g e n t  l i k e  sodium 

l a u r y l  su lp h a te  (SLS) and i i i ) u s i n g  a s o l v e n t  l i k e  Methanol,



The e f f e c t  o f  v a ry in g  t ime and tem perature  o f  l e a c h in g  by 

ammonia s o l u t i o n  on EP c o n ten t  from g l o v e  samples  were s t u d i e d .  

The r a t i o  o f  g l o v e  sample : l e a c h in g  s o l u t i o n  used was 1 : 40 and 

the  s o l u t i o n  was g e n t l y  s t i r r e d  o c c a s i o n a l l y  during the l e a c h in g  

p r o c e s s .  The temperatures  s e l e c t e d  were room temperature,  5 0 ° C 

and 60 C. A f te r  the l e a c h in g ,  the  g l o v e  samples  were p r o p e r ly  

washed u s i n g  water and d r ied  a t  room temperature and p r o t e in  

e s t i m a t i o n  was done w i th in  days .

I I . 2 . 1 . b .  U s ing  Sodium Lauryl S u lp h a te  s o l u t i o n

The l e a c h i n g  s t u d i e s  was done a t  two c o n c e n t r a t i o n s ,  0.5% 

and 2 %. With each s o l u t i o n ,  th e  l e a c h i n g  was done a t  d i f f e r e n t  

tem peratures  f o r  d i f f e r e n t  t im e .  The r a t i o  o f  g lo v e  to  water was

1 : 40 .  A f t e r  l e a c h in g ,  the  samples  were p ro p e r ly  washed with

water to  remove any d e te r g e n t  i f  p r e s e n t  and dr ied  at  room tem­

p e r a tu r e  .



Glove samples  were leached  in 50 % Methanol s o l u t i o n  a t  

d i f f e r e n t  tem peratures  and t im e .  The r a t i o  o f  g lo v e  : l e a c h in g

s o l u t i o n  was 1 : 40 o c c a s i o n a l  s t i r r i n g  was g iv e n  during th e  

p r o c e s s .  Proper washing was g iv e n  and d r ie d  a t  room temperature.

1 1 . 2 . 2 .  A u to c la v in g

The e f f e c t  o f  steam trea tm en t  under p r e s s u r e  on EP co n ten t  

and p h y s i c a l  p r o p e r t i e s  o f  g l o v e  samples were s t u d i e d .  The g l o v e  

samples were a u to c la v e d  under 1 Kg p r e s s u r e  f o r  d i f f e r e n t  t ime  

i n t e r v a l s  in  an a u t o c la v e .  A f te r  steam tr e a tm e n t ,  the samples  

were d r ied  a t  room temperature .

1 1 . 2 . 3 .  S u r fa ce  t rea tm en ts

The s u r f a c e  tre a tm en ts  employed were c h l o r i n a t i o n  and s i l i -  

c o n i s a t i o n .

I I . 2 . 3a.  C h lo r in a t io n

To s tu d y  th e  e f f e c t  o f  c h l o r i n a t i o n  on the  EP c o n te n t ,  g lo v e



C.hJ..Q.rination af. g.l.Qv.gs  -  Pro c e s s  £1q r  chart

Powder wash
II

Drain o f f
II

Sodium h y p o c h l o r i t e  + Water
II

A ddit ion  o f  H ydrochlor ic  Acid
II

A g i t a t i o n  /  Mixing  
1 I

S o l u t i o n  dra in  o f f
II

Water wash
II

A d d it ion  o f  1% Ammonia
II

S o l u t i o n  Drain o f f
II

Water wash
II

Removal o f  Gloves
II

Water e x t r a c t i n g
II

T r a n s fe r in g
II

Drying Unit

samples  were s u b j e c t e d  to  c h l o r i n a t i o n  to  d i f f e r e n t  l e v e l s .  Chlo­

r i n e  s o l u t i o n  was used f o r  t h i s  purpose.  I t  was prepared by



a c i d i f y i n g  Sodium h y p o c h lo r i t e  ( 10 % ) s o l u t i o n  w ith  c o n c e n t r a t ­

ed H yd ro ch lo r ic  a c id .  C h lo r in e  s o l u t i o n s  o f  d i f f e r e n t  c o n c e n tr a ­

t i o n s  were prepared.  The r a t i o  o f  g l o v e  sample : c h l o r i n e  s o l u ­

t i o n  was 1 : 50, The experiment was done in a c lo s e d  g l a s s  v e s ­

s e l .

The g l o v e  samples were f i r s t  washed w ith  water to  remove the  

d u s t i n g  powder p r e s e n t  on i t .  Then i t  i s  immersed in t o  the  hypo­

c h l o r i t e  -  water mixer in th e  g l a s s  v e s s e l  and then a c i d i f i e d  

w ith  H y d roch lor ic  a c id .  Proper a g i t a t i o n  was g iv en  through out  

th e  p r o c e s s .T h e  c h l o r i n a t i o n  was done a t  d i f f e r e n t  dosages  f o r  

d i f f e r e n t  t ime i n t e r v a l s .  A f te r  c h l o r i n a t i o n ,  the g lo v e  samples  

were washed w ith  water and then washed w ith  a 1 .0  % ammonia

s o l u t i o n  to  n e u t r a l i s e  any a c id  p r e s e n t  and again immediately  

washed w ith  water to  remove e x c e s s  ammonia. The p r o c e s s  can be

d i a g r a m a t i c a l l y  shown as shown in  F ig  7. The g l o v e s  were then
od r ied  a t  a low temperature between 40 -  50 C. The remaining EP 

c o n te n t  on th e  g lo v e  samples were determined w i th in  one week.

I I . 2 . 3b. S i l i c o n i s a t i o n

Glove samples  were t r e a t e d  w ith  a 1 .0  % and a 10 % s o l u t i o n s



of  s i l i c o n e  em uls ion  fo r  30 minutes  a t  60 C. I t  was then d r ie d  at  

60 in  an a i r  oven and th e  remaining EP c o n te n t  on the  g l o v e s  

was determined w i t h in  d ays .

I I . 3. TREATMENTS ON LATEX FILMS FOR REDUCING THE EP CONTENT

I I . 3 . 1 .  P r e p a r a t io n  o f  Latex  compound

C en tr i fu g e d  l a t e x  (LA-TZ Type) compound was prepared as per  

the fo r m u la t io n  g iv e n  in Table 2. Pre v u l c a n i s e d  l a t e x  compound 

was prepared by h e a t in g  t h i s  l a t e x  compound a t  6 0 ° C f o r  four  

hours.

Compounding o f  the  doubly  c e n t r i f u g e d  l a t e x  was a l s o  done as

per the  fo rm u la t io n  g iven  in Table 2.
Table 2

Formulation o f  Latex  compound

LAIZ. Late^ HC. Late.x

( P a r t s  by w e ig h t  )

167 167

1 1

2 . 5  2 .5

2 . 0  2 . 0

1 1

2 2

In g red i e n t s

60% Latex

10% P ot .  Hydroxide  

50% Sulphur  

50% 2DC 

50% ZnO

50% Anti  o x id e n t



1 1 . 3 . 2 .  P r e p a ra t io n  of  l a t e x  f i l m s

Latex  f i l m s  ( 0 .1 5  -  0 . 2 0  mm t h i c k n e s s  ) were prepared by 

the  c o a g u la n t  d ip p in g  o f  g l a s s  p l a t e s  in  th e  l a t e x  compounds and 

v u l c a n i s i n g  a t  100°C f o r  1 hour.The c o a g u la n t  used was a 15 %

s o l u t i o n  o f  ca lc ium  c h l o r i d e .  The f i l m s  were l i g h t l y  dusted with  

t a l c , s t r i p p e d  o f f  from th e  form ers ,  s t o r e d  in  p o ly th en e  bags and 

an a ly sed  f o r  EP co n ten t  w i th in  few days .

1 1 . 3 . 3 .  Treatments

I I . 3 . 3a Wet g e l  l e a c h in g

The e f f e c t s  of  wet g e l  l e a c h in g  w i th  v a r y in g  p e r io d s  of  time  

and temperature on EP co n ten t  were s t u d ie d  f o r  pre v u lc a n i s e d  and 

p o s t  v u l c a n i s e d  f i l m s  of  LA-TZ l a t e x  and p o s t  v u lc a n i s e d  f i l m s  of  

doubly c e n t r i f u g e d  l a t e x .  Wet g e l  l e a c h in g  was c a r r ied  out on 

f i l m s  d r ie d  f o r  5 minutes  a t  70°C and the  r a t i o  o f  rubber 

l e a c h i n g  water was 1 : 4 0 0 . The water was g e n t l y  s t i r r e d  o c c a s i o n ­

a l l y  dur ing  the  l e a c h in g  p r o c e s s .



Dry f i l m  l e a c h in g  was c a r r i e d  out  f o r  LA-T2 and doubly  

c e n t r i f u g e d  l a t e x  f i l m s  by immersing th e  dry v u lc a n i s e d  f i l m s  in  

d i s t i l l e d  water  a t  d i f f e r e n t  tem p eratu res  f o r  v a r io u s  p e r io d s  of  

t im e .  The p r o p o r t io n  of  rubber : l e a c h i n g  water s e l e c t e d  was 1 :

400 and th e  water was o c c a s i o n a l l y  s t i r r e d  g e n t l y  during the  

p r o c e s s .

1 1 . 3 . 3 c .  Wet g e l  l e a c h in g  and dry f i l m  washing u s in g  50% Methanol

Wet g e l  l e a c h in g  and dry f i l m  l e a c h i n g  was c a r r ie d  out f o r  

both LA_TZ and doubly  c e n t r i f u g e d  l a t e x  f i l m s  as d e sc r ib e d  e a r l i ­

er u s in g  a 1 : 1 water _  methanol  m ixture  i n s t e a d  of  d i s t i l l e d  

water .

I I . 3 . 3 d .  C h l o r in a t io n

Latex  f i l m s  prepared from c e n t r i f u g e d  l a t e x  and doubly
o

c e n t r i f u g e d  l a t e x  were s u b j e c t e d  to  wet g e l  l e a c h in g  at  60 C f o r

5 m inutes  were used f o r  c h l o r i n a t i o n .  C hlor ine  s o l u t i o n  was



prepared by a c i d i f y i n g  Sodium h y p o c h l o r i t e  s o l u t i o n  with  Hydro­

c h l o r i c  a c id  as d e s c r ib e d  e a r l i e r .  The r a t i o  o f  l a t e x  f i lm  : 

c h l o r i n e  s o l u t i o n  used was 1 : 50.  The f i l m s  were immersed in  

c h l o r i n e  s o l u t i o n s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  f o r  t h r e e  minutes  

a t  room temperature with  a g i t a t i o n .  The experiment was done in a 

c l o s e d  g l a s s  v e s s e l .  A f ter  c h l o r i n a t i o n ,  proper washing and neu­

t r a l i s a t i o n  was g iv en  as shown in  F ig  7 . The f i l m s  were d r ied  a t

40 _  50 C in an a i r  oven and th e  remaining EP con ten t  was e s t i ­

mated w i th in  one week.

I I . 4 .  ESTIMATION OF EP CONTENT

I I . 4 . 1 .  E x t r a c t io n  o f  t o t a l  s o l u b l e  p r o t e i n s

Samples o f  two p i e c e s  measuring 7 cm X 7 cm and weighing  

about 1 .5  to  2 .0  g each were c u t  from the  l a t e x  g l o v e s  /  f i l m s .  

Each p i e c e  was again  cut  i n t o  16 p i e c e s  o f  equal  s i z e .  The p i e c e s  

were weighed a c c u r a t e l y  and e x t r a c t e d  w ith  50 ml d i s t i l l e d  water  

in a 10 cm diam eter  g l a s s  c o n t a in e r  a t  room temperature f o r  24 

hours w ith  o c c a s i o n a l  a g i t a t i o n .  The e x t r a c t  was then c e n t r i fu g e d  

in a REMI Laboratory c e n t r i f u g e  R 8C at  3 ,5 0 0  rpm fo r  30 minutes  

t o  remove any i n s o l u b l e  m a tter .



1 1 . 4 . 2 .  P r o t e in  p u r i f i c a t i o n  and c o n c e n t r a t i o n  from the  e x t r a c t

P r o t e i n s  in  the e x t r a c t  were p u r i f i e d  and con cen tra ted  by 

p r e c i p i t a t i o n  w ith  T r ic h lo r o  a c e t i c  a c id  (TCA) and phosphotungs-  

t i o  a c id  (PTA).

To 6 ml o f  the  p r o t e i n  e x t r a c t ,  1 ml o f  35% (W/V) TCA was 

added and mixed. Then 1 ml o f  40% (W/V) PTA was added, mixed w e l l  

and a l low ed  to  stand f o r  20 m in u tes .  The p r e c i p i t a t e d  p r o t e in  was 

then recovered  by c e n t r i f u g i n g  th e  m ixture  in a REMI Laboratory  

c e n t r i f u g e  R 8C a t  3 ,5 0 0  rpm f o r  30 m inutes  and d eca n t in g  away 

a l l  the  s u p e r n a te n t .  The v ery  t h in  f i l m  o f  the  p r e c i p i t a t e  was 

then r e d i s s o l v e d  in 2 .6  ml o f  0 . 1  M Sodium hydroxide for  a t  l e a s t

20 m inutes .

1 1 . 4 . 3 .  P r o te in  e s t im a t io n

P r o te in  samples  were assayed  by th e  Modified micro Lowery
51

Assay method. The r e a g e n t s  were prepared as  f o l l o w s

Reagent A _  6 % Sodium carbonate  in  0 . 2  M Sodium hydroxide.  

Reagent B _  1 .5  % Copper s u lp h a t e  in 3 . 0  % Sodium c i t r a t e .



Reagent C _  (Working reagent  prepared on the  day o f  e s t im a ­

t i o n )  50 ml of  reagent  A mixed with 1 ml of  

Reagent C.

Reagent D _  F o l i n s  -  C io c a u l t s  Reagent. D i lu ted  3 p a r t s  

F o l i n s  w ith  1 part  water .

The t e s t  r e a c t io n  was ca rr ie d  out d i r e c t l y  in the c e n t r i f u g e  

tube .  Added 0 . 3  ml of  Reagent C to  the  2 .6  ml o f  the  t e s t  sample 

a lrea d y  p r e s e n t  in  the  c e n t r i f u g e  tube .  Mixed

w e l l  and a l lowed to  stand fo r  10 m inutes .

Then added 0 . 1  ml o f  Reagent D and mixed w e l l  in a c y c lo  

mixer.  The mixer was then al lowed to  s tand f o r  30 minutes and the  

absorbance was read on the  sp e c tr o p h o to m ete r , Shimadzu U V 240 at  

750 nm. The c o n c e n tr a t io n  of  p r o t e i n s  was read o f f  a g a in s t  the  

standard p r o t e in  used f o r  c a l i b r a t i o n . (Bovine  serum albumine, 0 

-120 mg/ml. )



r e s u l t s  a n d  d is c u s s io n s



I I I . l .  EXTRACTABLE PROTEIN CONTENT IN COMMERCIAL GLOVES

To s tudy the l e v e l  o f  EP co n te n t  in .commercial g l o v e s ,  manu­

f a c tu r e d  in In d ia ,  g lo v e  samples were procured,  t e s t e d  f o r  s o l u ­

b le  or e x t r a c t a b l e  p r o t e in  co n te n t  and the r e s u l t s  are g iv e n  in  

Table 3.

TABLE, a

E x tr a c ta b le  p r o t e in  co n ten t  i n  commercial g lo v e s

E x tra c t able. prgt-e.in co n ten t  Humber £if.

( mg /  Kg g l o v e s  )

0 - 4 9  1

5 0 - 9 9  2

100 -  399 19

400 -  699 , 22

Above 700 13

T o ta l  57

Out of  the  57 samples t e s t e d ,  only  th ree  samples were having

EP co n te n t  below 100 mg/Kg. M ajority  of  samples were having EP

c o n te n t  in the  range o f  100 -  699 mg/Kg. This  r e s u l t  shows th a t

our manufacturers  have to  take s p e c i a l  care  to  reduce the EP 

co n te n t  in l a t e x  p rod u cts .



I I I . 2.  EFFECTS OF TREATMENTS ON LATEX GLOVES

I I I . 2 . 1 .  E f f e c t  o f  l e a c h i n g

The e f f e c t  o f  l e a c h in g  on l a t e x  g l o v e  samples  by 0 . 5  %

ammonia s o l u t i o n  a t  d i f f e r e n t  temperature and f o r  v a r io u s  p e r io d s  

of  t ime are as shown in F ig  8. F ig  9 and F ig  10 r e s p e c t i v e l y  

shovrs th e  e f f e c t  o f  l e a c h in g  on g lo v e  samples  by sodium l a u r y l  

su lp h a te  (SLS) 0 . 5  % and by 50 % Methanol _  water m ixture .  In a l l  

t h e s e  t h r e e  c a s e s ,  the  EP c o n te n t  i s  c o n s id e r a b l y  reduced by the  

t r ea tm e n t .  The e x t r a c t i o n  o f  EP c o n te n t  i s  rap id  i n i t i a l l y  and 

l e v e l s  o f f  a f t e r  some t im e .  Slow l e a c h i n g  can co n t in u e .  The 

r e d u c t io n  in  EP c o n te n t  can be improved by l e a c h in g  a t  h igher  

temperature .

The e f f e c t  of  0 . 5  % ammonia s o l u t i o n  and SLS s o l u t i o n  (both  

0 . 5  % and 2 . 0  % s o l u t i o n s )  are almost  comparable .  But the Metha­

n o l  -  water  (50 %) treatm ent  i s  l e s s  e f f e c t i v e  even a t  e l e v a t e d  

t e m p e r a t u r e s .

A lso  i t  was noted  t h a t  th e  in c r e a s e d  c o n c e n t r a t io n  o f  SLS 

s o l u t i o n  w i l l  n o t  improve the  e x t r a c t i o n  o f  EP c o n te n t .

The e f f e c t  o f  l e a c h in g  by the  d i f f e r e n t  s o l u t i o n s  on the  

p h y s i c a l  p r o p e r t i e s  were a l s o  s tu d ie d  and g iv e n  in Table 4 .  I t  

was seen  t h a t  th e  p h y s i c a l  p r o p e r t i e s  are  n o t  a f f e c t e d  much.
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TABLE 4

E f f e c t  o f  l e a c h in g  on the  p h y s i c a l  p r o p e r t i e s  of  l a t e x  g l o v e s

S a m p le P h y s i c a l  p r o p e r t i e s

Before  age.ing: 
T e n s i l e  Modulus E.B 

s t r e n g t h  300 %
(MPa) ( MPa) (%)

Af.ter ageing.*  
T e n s i l e  Modulus E.B

s t r e n g t h  300 %
( MPa) (MPa) (%)

C ontro l  2 1 .5

Ihr l e a c h in g  20 .6 7  
w ith  0.5% SLS

I h r le a c h in g  20 .31
with  0.5%
ammonia

1 .8 7  1290

2 .0 1 3  1294

1 .8 6 6  1126

1 8 .6  2 .0 1  1142

1 7 .4  2 .01  1020

1 7 .8 2 .0 5 1045

Rge\’n^ a t I00°c /2 4 hys.

I l l  2 . 2 .  E f f e c t  o f  a u t o c la v i n g

The e f f e c t  o f  steam trea tm en t  /  a u t o c la v in g  on l a t e x  g l o v e s  

fo r  removing EP co n ten t  under a p r e s su r e  o f  1 Kg fo r  d i f f e r e n t  

d u r a t io n s  o f  t ime i s  g iv en  in  F ig  11.

I t  was observed th a t  th e  steam treatm ent  i s  only  very  l i t t l e  

e f f e c t i v e  in removing EP c o n t e n t  from g l o v e s .  V a r ia t io n  in p h y s i ­

c a l  p r o p e r t i e s  due to  a u t o c la v i n g  was a l s o  s t u d ie d .  Table 5. The 

p h y s i c a l  p r o p e r t i e s  are o n ly  v e r y  l i t t l e  a f f e c t e d .
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lAELE. S.

E f f e c t  of. steam trea tm en t  on P h y s i c a l  p r o p e r t i e s  of. la tex .  g.l.Q.Y.g.g.

( A u to c la v in g  a t  1 Kg p r e s s u r e )

Sample d e t a i l s P h y s i c a l  p r o p e r t i e s  
T e n s i l e  s t r e n g t h  Modulus 300% E.B

( M Pa ) ( M Pa ) (X)

Control

30mts a u t o c la v i n g  

60 mts a u t o c la v i n g  

120 mts a u t o c la v i n g

2 1 .5  

2 1 .4

2 0 . 6  

2 0 .1

1 .87

1 .84

1 .71

1 .60

1290

1210

1200

1190

I I I . 2 . 3 .  S u r fa ce  t rea tm en ts

I I I . 2 . 3 . i )  E f f e c t  o f  c h l o r i n a t i o n

The e f f e c t  o f  c h l o r i n a t i o n  on l a t e x  g l o v e s  u s in g  d i f f e r e n t  

dosages  o f  c h l o r i n e  s o l u t i o n  are g iv e n  in  F ig .  12. Glove samples  

were t r e a t e d  w i th  c h lo r in e  s o l u t i o n  f o r  d i f f e r e n t  d u ra t io n s  of  

time and i t s  e f f e c t  on EP c o n te n t  i s  as  shown in Fig  13,

I t  was found t h a t  c h l o r i n a t i o n  i s  very  e f f e c t i v e  in reduc ing  

the  EP c o n t e n t .  Also  the removal o f  EP i s  found to  be l e s s  a f -
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f e c t e d  by th e  c o n c e n t r a t io n  o f  th e  c h l o r i n e  s o l u t i o n ,  or by the  

t ime o f  c h l o r i n a t i o n . A  0 . 3  % s o l u t i o n  f o r  5 -10  minutes  i s  ob­

served  to  be s u f f i c i e n t .

The e f f e c t  o f  c h l o r i n a t i o n  on p h y s i c a l  p r o p e r t i e s  o f  g l o v e  

samples was a l s o  s tu d ie d  and th e  r e s u l t s  are g iv en  in Table 6 and 

Table 7.

lAELK &

Effg .gts sif. gh.LQ.r.in.sLti.Qn fin. p±iy.alcjLl pr.opejct.ies. of. la te z .  g l oves , 

Sample d e t a i l s  P h y s i c a l  p r o p e r t i e s

Before  Ageing

T.S Modulus E.B
(MPa) (MPa) (%)

A f te r  age ing
QOO°c/2itlTY53

T.S Modulus E.B 
(MPa) (MPa) (%)

Control

Treated w ith  
0.1% c h l o r i n e  
s o l n ,  3 mts .

Treated w ith  
0.2% c h l o r i n e  
s o l n , 3 mts .

Treated w i th  
0.3% c h l o r i n e  
s o l n ,  3 m ts .

2 1 .5

21 .1 4

1.87

1 .84

1290 1 8 .6  2 .0 1  1143

1275 1 7 .0  2 .0 1  1142

2 0 .0 3  2 .01

20 .0 1  1 .98

1062

998

16 .19  2 .0 2  1022

15 .4  2 .0 4  681



IA B L £

E f f e c t  slL  ttie  timfi. of. p h l o r i n a t i o n  on. p h y s i c a l  p r o p e r t i e s  of. 
l a t e x  Ptloves .

Sample d e t a i l s P h y s i c a l  p r o p e r t i e s  

B efo re  a g e in g  A f te r  ageingOoo'^ls^^’''!)
T.S

(MPa)
Modulus
(MPa)

E.B
(%)

T.S
(MPa)

Modulus
(MPa)

E.B
(%)

Treated w ith  
0.3% c h l o r i n e  
s o l n .  3mts.

20 .01 1 .9 8 998 15.4 2 .0 4 681

Treated with  
0.3% c h l o r i n e  
s o l n .  5 m ts .

19 .86 1 .8 9 875 13 .8 1 .9 620

Treated with  
0.3% c h l o r i n e  
s o l n .  10 mts.

19 .8 1 .84 840 11 .4 1 .86 580

Contro l 2 1 .5 1 .8 7 1290 18 .6 2 .0 1 1143

I I I . 2 . 3 . i i )  E f f e c t  o f  s i l i o o n i s a t i o n

The e f f e c t  o f  s i l i o o n i s a t i o n  vising a 1 % and a 10 % s o l u ­

t i o n s  o f  s i l i c o n e  emuls ion are g iv en  in  Table 8.  I t  i s  observed

t h a t  s i l i o o n i s a t i o n  by t h i s  method i s  not  e f f e c t i v e  in removing

EP c o n t e n t .



i3his. a

Time o f  l e a c h i n g  EP c o n t e n t  r e m a i n i n g
a f t e r  t r e a t m e n t  (mg/Kg)

C o n t r o l  8 0 1

5 m i n u t e s  351
30 m i n u t e s  358
60 m i n u t e s  349

I I I . 3 .  EFFECT OF TREATMENTS ON LATEX FILMS

I I I . 3 . 1 . E f f e c t  o f  l e a c h i n g

The e f f e c t  o f  w e t  g e l  l e a c h i n g  a t  d i f f e r e n t  t e m p e r a t u r e  f o r  

v a r i o u s  p e r i o d s  o f  t im e  f o r  p r e  v u l c a n i s e d  and  p o s t  v u l c a n i s e d  

f i l m s  a r e  g i v e n  i n  F i g  14 and F i g  15 r e s p e c t i v e l y .  F i g  16 r e p r e ­

s e n t s  t h e  e f f e c t  o f  d r y  f i l m  w a s h i n g  a t  d i f f e r e n t  t e m p e r a t u r e  and 

f o r  v a r i o u s  p e r i o d s  o f  t i m e  f o r  p o s t  v u l c a n i s e d  f i l m .

I t  i s  s e e n  t h a t  t h e  EP c o n t e n t  c an  be  g r e a t l y  r e d u c e d  by 

t r e a t m e n t  ^ i t h  w a t e r  even  a t  room t e m p e r a t u r e .  The e x t r a c t i o n  o f  

s o l u b l e  p r o t e i n  i s  r a p i d  i n i t i a l l y ,  b u t  t h e  r a t e  o f  e x t r a c t i o n  

d e c r e a s e s  q u i c k l y  and l e v e l s  o f f  a f t e r  5 - 1 0  m i n u t e s .  Slow l e a c h -
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Time (m in u tes  )

Room temp SO C 60 C

F ig *  16

E f f e c t  o f  d ry  f i l a  w ashing  on E P c o n te n t o f  
P o s t v u lc a n is € id  L a te x  f i l m



i n g  o f  EP can  c o n t i n u e  f o r  s e v e r a l  h o u r s  b u t  f u r t h e r  r e d u c t i o n  in  

EP c o n t e n t  i s  s m a l l .

The r e d u c t i o n  in  EP c o n t e n t  can  b e  im p ro v ed  by l e a c h i n g  a t  

e l e v a t e d  t e m p e r a t u r e  a s  i n  t h e  c a s e  o f  g l o v e  s a m p l e s .

The e f f e c t  o f  w e t  g e l  l e a c h i n g  and d r y  f i l m  w a s h in g  were  

fo und  t o  be  c o m p a r a b l e  i n  r e d u c i n g  t h e  EP c o n t e n t  o f  p o s t  v u l c a ­

n i s e d  l a t e x  f i l m s .

F i g  17«(,12 shows t h e  e f f e c t  o f  w e t  g e l  l e a c h i n g  and d r y  g e l
0

l e a c h i n g  a t  60 C on p o s t  v u l c a n i s e d  f i l m s  f rom  d o u b l y  c e n t r i f u g e d  

l a t e x  c o m p o u n d . l t  was f o u n d  t h a t  b o t h  w e t  g e l  l e a c h i n g  and d r y  

g e l  l e a c h i n g  a r e  v e r y  e f f e c t i v e  i n  r e m o v in g  t h e  EP and t h e  r e ­

m a i n i n g  EP c o n t e n t  a f t e r  t r e a t m e n t  on d o u b l y  c e n t r i f u g e d  l a t e x  

f i l m s  a r e  v e r y  low.

The e f f e c t  o f  l e a c h i n g  u s i n g  w a t e r  -  M e th a n o l  m i x t u r e  i n ­

s t e a d  o f  w a t e r  was fo u n d  t o  be  c o m p a r a b l e  w i t h  t h a t  o f  l e a c h i n g  

w i t h  w a t e r .

I I I . 2 . 2 . E f f e c t  o f  c h l o r i n a t i o n

C h l o r i n a t i o n  was f o u n d  t o  be  e f f e c t i v e  i n  r e d u c i n g  t h e  EP 

c o n t e n t  f o r  b o t h  c e n t r i f u g e d  and  d o u b l y  c e n t r i f u g e d  l a t e x  f i l m s .  

T a b l e  9 .  I t  was s e e n  t h a t  EP c o n t e n t  i s  r e d u c e d  by 50 -  60 % by 

t h i s  p r o c e s s .  ^



U Time ( s in u t e s )

F ig  •  17

E f f e c t  o f  v e t  g e l  le a c h in g  on E P c o n te n t o f  
D C L  f i l B  (L each in g  te m p - 60®C)



lABLK a
Effe.ot qL  ahlgx-inatifln. im. E£. cjpn.ten.t o L  latex fjjjas.

Sample  d e t a i l s C o n c e n t r a t i o n  o f  
c h l o r i n e  s o l u t i o n

E x t r a c t a b l e  
p r o t e i n  c o n t e n t  

(mg/Kg)

F i l m  I  C e n t r i f u g e d C o n t r o l 310

l a t e x 0 . 1  % 257

F i l m  I I

0 . 3  % 160

D oubly  c e n t r i f u g e d C o n t r o l 104

l a t e x 0 . 1 % 52
0.3% 45



Time (m in u te s )

F i g .  18

E f f e c t  o f  d ry  g e l  le a c h in g  on E P c o n te n t o f  
D C L  (L ea c h in g  te m p -- 60 C )
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F i g .  19

E f f e c t  o f  C h lo r in a t io n  on E P c o n te n t on 
Eacam ln a t io n  G lo v e s  and D C L  f i l m s *

*  D C L  f i lm s  p re p a re d  by c o a g u la n t d ip p in g ,
5 m in u te s  le a c h in g  was g iv e n  and d r ie d  a t  7 0 ° C
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I n  t h e  p r e s e n t  w o rk ,  d i f f e r e n t  o f f -  t h e  l i n e  t r e a t m e n t  

m e th o d s  t o  remove t h e  e x t r a c t a b l e  p r o t e i n  c o n t e n t  from l a t e x  

p r o d u c t s  l i k e  g l o v e s  and l a t e x  f i l m s  f ro m  c e n t r i f u g e d ,  p r e  v u l c a ­

n i s e d  and d o u b l y  c e n t r i f u g e d  l a t t i c e s  w e re  s t u d i e d . T h e  m e th o d s  

s t u d i e d  w e re  l e a c h i n g  s t u d i e s  and  s u r f a c e  t r e a t m e n t s . T h e  p r o d u c t s  

were  a l s o  t e s t e d  f o r  t h e i r  p h y s i c a l  p r o p e r t i e s .

From t h e  r e s u l t s  o b t a i n e d ,  t h e  f o l l o w i n g  c o n c l u s i o n s  c o u ld  

be  drawn
o

( 1 )  O f f  t h e  l i n e  t r e a t m e n t s  l i k e  l e a c h i n g  a r o u n d  60 C u s i n g

0 . 5  % ammonia s o l u t i o n  o r  0 . 5  % SLS s o l u t i o n  and /  c h l o  

r i n a t i o n  can  e f f e c t i v e l y  r e d u c e  t h e  EP c o n t e n t

f rom  l a t e x  p r o d u c t s .

( 2 )  The c h l o r i n a t i o n  s h o u l d  be  d o n e  u n d e r  c o n t r o l l e d  

c o n d i t i o n s  , o t h e r w i s e  p h y s i c a l  p r o p e r t i e s

w i l l  be  a f f e c t e d .

( 3 )  Use o f  d o u b l e  c e n t r i f u g e d  /  low p r o t e i n  l a t e x  

and  a s u i t a b l e  c o m b i n a t i o n  o f  on - t h e  l i n e  and 

o f f  - t h e  l i n e  t r e a t m e n t s  can  r e d u c e  EP c o n t e n t  in  

l a t e x  p r o d u c t s  t o  v e r y  low l e v e l s .
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