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Five hGndred fifty-one cotton gin workers and 1,218 workers in non-dusty comparison 
plants were studied in a cross-sectional industri a1 hygiene and respiratory diseise 
prevalence survey o f  3 7  gins throughout the cotton belt in the United Stztes. 
deletion for previous dust exposures, the data on 375 cotton ?in workers and 1,023 compari- 
son plant workers were analyzed. 
of ambient respirable cotton dust levels with vertical elutriators and characterization of 
par tic:e si zc distribution. 

NIOSll ccncludes that this study demonstrates That exposure to cotton dust in gin produces 
adverse heiilth r?ffects. That 86% of the elutriated saaples were be!o\v .500 :ng/M (geometri 
w a n )  indicates that this level of dust control is technically feasible, and NIOSH recmnen 
that this level b e  set as a dust exposure standard. 

NIXII  recomnend: specific dust control strategies, as well as a nedical ;urveillance progra 
'which would detect early adverse health effects. NI'OSH further recommends that the nedical 
surveillance data should be actively collected by OSHA and NIOSH for a prospective study of 
the effects of dust exposure in this industry. 
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FOREJORD 

T h i s  industry-wide m e d i c a l  and i n d u s c r i a l  h y g i e n e  s t u d y  o f  c h e  U n i t e d  S c a c e s  
c o c c o n  g i n  i n d u s t r y  i s  a p a r t  o €  a n  o v e r a l l  eECorc by NIOSH t o  d e s c r i b e  c h e  
h e a l  c h  arid e n v i  ronmenca l  cond i e  i o n s  o f  che"non-cexc i l e "  o r  " s e c o n d a r y "  c o t  Con 
i n d u s t r y .  
,industry i n  which t h e  s p i n n i n g  of  c o t c o n  y a r n  o r  t h e  weav ing  o f  c o t t o n  c l o t h  
d o e s  noc o c c u r .  

n o n - c e x c i l e "  c o c t o n  i n d u s t r y  we p l a c e  a s c i e n t i f i c  f o u n d a t i o n  u n d e r  s t a n d a r d s  
t h a t  we recommend € o r  t h i s  i n d u s t r y .  

The " n o n - t e x t i l e "  c o c c o n  i n d u s t r y  is c h a c  parC o f  c h e  c o t t o n  

By u s i n g  a s a m p l i n g  t e c h n i q u e  O E  s e c t o r s  o f  t he  whole 
I 1  

J. Donald  M i l l a r ,  M.D.  
D i r e c t o r  
N a t i o n a l  I n s t i c u t e  f o r  
O c c u p a t i o n a l  S a f e c y  a n d  H e a l t h  
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PREFACE 

l o r k e r r  i n  t h e  " n o n - t e x t i l e "  c o t t o n  i n d u s t r y  b r e a t h e  a d u s t  wh ich  is s i m i l a r  
t o  t h e  d u s t  i n  t h e  c o t r o n  s p i n n i n g  and w e a v i n g  i n d u s t r y .  
p rompts  t h e  q u k s t i o n  of  b y s s i n o s i s  p r e v a l e n c e  and o t h e r  r e s p i r a t o r y  d i s e a s e  i n  
t h e  n o n - t e x t i l e  c o t t o n  i n d u s t r y .  However,  s ince  c o t t o n  d u s t  i s  of  b i o l o g i c  
o r i g i n  and  t h e r e f o r e  of v a r i a b l e  c o m p o s i t i o n ,  one c a n n o t  assume c h a t  t h e  
b y s s i n o s i s  p r e v a l e n c e  p e r  u n i t  of  r e s p i r a b l e  c o t t o n  d u s t  i s  t h e  same i n  t h e  
n o n - t e x t i l e  c o c t o n  i n d u s c r y  a s  i c  i s  i n  c o t t o n  m i l l s .  T h i s  o b s e r v a t i o n  
moc ivaced  a s t u d y  of c o t c o n  d u s t  e x p o s u r e ,  t h e  r e s p i r a t o r y  h e a l t h  s t a t u s  o f  
v o r k e r s ,  and  any r e l a t i o n s h i p  b e t w e e n  e x p o s u r e  and  r e s p i r a t o r y  h e a l t h  s c a t u s  
which  o c c u r s  i n  t h e  n o n - t e x c i l e  c o c t o n  i n d u s t r y .  

T h i s  e x p o s u r e  

i v  



AESTRACT 

F i v e  hundrh'd fifty-one C O C C O ~  g i n  w o r k e r s  and  1212 w o r k e r s  i n  n o n - d u s t y  
c o m p a r i s o n  p l a n t s  'were s t u d i e d  i n  a c r o s s  s e c t i o n a l  i n d u s t r i a l  h y g i e n e  and 
r u s p i r n c o r y  d i s e a s e  p r e v a l e n c e  s u r v e y  of 3 7  g i n s  t h r o u ~ h o u t  t h e  c o t t o n  b e l t  i n  
tilt! U n i t e d  S t a t e s .  .A€ter d e l e t i o q  f o r  p r e v i o u s  d u s t  e x p o s u r e s ,  t h e  d a t a  on 
3 7 5  c o t i o n  g i n  -workers  and 1023 c o m p a r i s o n  p l a n t  w o r k e r s  were a n a l y z e d .  The 
i n d u s t r i a l  t . y g i e n e  s t u d y  c o n s i s t e d  o f  d e t e r m i n a t i o n  o f  a m b i e n t  r e s p i r a b l e  
c o t t o n  d u s t  l e v e l s  w i t h  , v e r t i c a l  e l u t r i a t o r s  and  c b a r a c t e r i z a c i o n  o f  p a r t i c l e  
s i z e  d i s t r i b u t i o n .  

The p e o m e c r i c  mean d u s t  c o r i c e n t r a c i o n s  i n  e a c h  f a c i l i t y  r a n g e d  from 0 .03  
m g / ? i j  t o  1 . 0 3  mg/>f3, w i t h  86:: ( 3 0 1 3 5 )  of t h e  g i n s  h a v i n g  s e o m e t r i c  means 
o f  l e s s  t h a n  0 . 5  m g / X 3 .  P a r t i c l e  s i z e s  (Mass X e d i a n  D i a m e t e r )  were a l s o  
v a r i a b l e  b u t  t e n d e d  t o  be l a r g e r  t h a n  t h a t  f o u n d  i n  t e x t i l e  m i l l s .  F a c t o r s  i n  
t h e  g inn in l ;  p r o c e s s  t h a t  a E € e c t e d  d u s t  l e v e l s  were c o n d i t i o n  of s e e d  c o t t o n ,  
l a y o u t  o f  t h e  g i n ,  and management p r a c t i c e s .  

X e d i c a l  t e s t s  i n c l u d e d  s t a n d a r d i z e d  q u e s t i o n n a i r e  and  pre- a n d  p o s t - s h i f t  
s p i r o m e t r y .  ' X a t c h e d - ? a i r  a n a l y s i s  r e v e a l e d  no e x c e s s  p r e v a l e n c e  o f  b y s s i n 0 s i . s  
i n  g i n  w o r k e r s  compared  t o  c o n t r o l s .  Am2ng p e r s o n s  who n e v e r  smoked t h e r e  
were s i g n i f i c ~ n i l y  g r e a t e r  ? r e v a l e n c e s  o f  b r o n c h i c i s  and  " r e s p i r a t o r y  
d i s o r d e r s  3 r i s i n g  f rom e x p o s u r e  t o  t e x t i l e  v e g e t a b l e  d u s t s "  (.AH0 d e f i n i t i o n )  
i n  g i n  w o r k e r s .  Among ex - smoker s  and p r e z e n c  s m o k e r s  t h e r e  'were s i g n i f i c a n t l y  
lower mean p r e - s h i f t  FEV1 v a l u e s .  Among c o t t o n  w o r k e r s  t h e r e  w a s  a 
s i g n i f i c a n t  d o s e - r e s p o n s e  r e l a t i o n s h i p  b e t x e e n  d e c l i n e  i n  FEF50;: and peak  
€!ow o v e r  t h e  s h i f t  a17d d u s t  e x p o s u r e .  F i n a l l y ,  p r o b i t  a n a l y s i s  r e v e a l e d  a n  
i n c r e a s i n g  p r i l v a l e n c e  o f  b r o n c h i t i s  ir. n e v e r - s m o k e r s  a s  d u s t  l e v e l  i n c r e a s e d ,  
3nd a n  i n c r e a s i n z  p reva ! . rnce  o f  " r e s p i r a t o r y  d i s o r d e r s  a r i s i n g  from e x p o s u r e  
Co t e x t i l e  v e g e t a b l e  d u s i s "  a s  d u s t  l e v e l - y e a r s  o f  e x p o s u r e  i n c r e a s e s .  T h i s  
l a t t e r  p r e v a l c n c e  more t h a n  d o u b l e s  Erom a v e r y  s m a l l e r  d u s t - y e a r  f a c t o r  
( . 3 0 ? )  t o  3 h i g h  o n e  ( 2 0 . 3 ) ,  t h e  l a t t e r  o f  which  c a n  r e p r e s e n t  e x p o s u r e  a t  
. ~ O O  mg/>13 i o r  $ 0  y e a r s  o f  w o r k i n g  l i f e .  

81OSH c o n c l u d e s  char. t h i s  s t u d y  d e m o n s t r a t e s  t h a t  e x p o s u r e  t o  c o t t o n  d u s t  i n  
g i n s  p r o d u c e s  a < v e r s e  h e a l t h  e f i ' e c t s .  T h a t  86% o €  t h e  e l u t r i a t e d  s a m p l e s  were  
be low .500 mg/H-' ( g e o m e t r i c  mean) i n d i c a t e s  c h a t  t h i s  l e v e l  oE d u s t  c o n t r o l  
i s  t e c h n i c a l l y  f e a s i b l e ,  and NIOSH recommends t h a t  t h i s  l e v e l  b e  s e t  a s  a d u s t  
e x p o s u r e  s c ~ n d a r d .  

NIO!iil  rccoinincnds s p e c i f i c  d u s t  c o n t r o l  s c r a t e g i l s ,  a s  'well  a s  3 m e d i c a l  
s u r v e i l l a n c e  ?ro.granl, which  would d e t e c t  e a r l y  a d v e r s e  h e a l t h  e f f e c t s .  IIIOSH 
f u r t h e r  recommends t h a t  t h e  m e d i c a l  s u r v e i l l a n c e  d a t a  s h o u l d  be a c t i v e l y  
c o l l e c t e d  by OSHA and I4IOSH f o r  a p r o s p e c t i v e  s t u d y  o f  t h e  e f f e c t s  o f  d u s t  
e x p o s u r e  i n  c h i s  i n d u s t r y .  
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I n  t h e  1940s  Arend 30uhuyS,  J ames  Y e r c h a n c  and o t h e r s  d e s c r i b e d  t h e  h e a l c h  a n d  
e n v i r o n n e n : a l  c o n d i c i o n s  oE c h e  c o c t o n  s p i n n i n g  and w e a v i n g  indus t r ! .  Their 
d a t a  for -ed  3 par :  o f  t h e  s c i e n t i f i c  s u p p o r t  f o r  a s t a n d a r d  i n  t h i s  i n d u s t r y .  
:hen Dr. : l e r c i a n c  came :o NIOSH i n  1975 h e  b e g a n  an e f f o r t  co l o o k  a t  
r e s p i r a : a r g  e f f e c : s  i n  o c h e r  por : ions  o f  t h e  c o t c o n  i n d u s t r y .  Dr. Y i c h a e l  
S h a s S y ,  3 r .  x i c h a r d  k ' i c c i r i l i o ,  Y r .  J o h n  Zey ,  Y r .  Y a r t i n  Pe t e r sen ,  Dr. J o h n  
Hankinsor . ,  D r .  3 o S e r c  C a s t e l l a n ,  Dr. Alar. E n g e l b e r g ,  and Dr. B r i a n  3 o e h l e c k e  
:on t r ibu :ed  t o  :he o r i g i n a l  d e s i g n  a n d  d i d  che  e a r l y  f i e l d  work o n  che  
p r o j e c t .  Lare: Dr. Alan  Pa lmer  a: SRI I n c e r n a c i o n a l  p e r f o r m e d  c h e  
e p i d e n i o ! o g i c  vork  a n  :he Texas  a n d  C a l i f o r n i a  par-ions o f  che  c o t t o n  g i n  and  
c o c t o n  c m p r s s s  .darehouse  segmencs  o f  cb.e s c u d y .  The l a s t  h a l f  of  c k e  e n t i r e  
s:ud:r has  b e e n  - d e r  :he d i r e c : i o n  o f  Gr. Hark  Car l son  and  Y r .  Greg 
F i a c i : e l i i .  V a l u a b l e  industrial h y g i e n e  and s t a c i s t i c a l  s u p p o r t  h a s  b e e n  
p r o v i d e d  5 : ~  Hr. Greg Kul lman ,  Y r .  Yayne S a n d e r s o n ,  Mr. V i l l i a m  Jones,  Xr. R i c k  
Fergusor . ,  3.:. f r a n k  H e a r l ,  Ur. J e r r j  C l e r e ,  Y r .  Byron B u r c h e l l ,  Y s .  R o c h e l l e  
A1:house and Yr. J o h n  Hancock. Y r .  Greg S p r a n s y  d i r e c t e d  che  c o o r d i n a t i o n  o f  
t he  i i e i d  :earn. The b u l k  of t h e  i n d u s t r i a ?  h y g i e n e  and m e d i c a l  d a c a  
c o l l e c c i o n  and organization was d o n e  by a g r o u p  whose h o u r s  of  l a b o r  f a r  
e x c e e d  :hac done  by  t h e  above  named i n d i v i d u a l s .  

Tor rht: o v e r a l l  " n o n - t e x t i l e "  cot :on s c u d y  ve examined  a b o u c  3 7 0 0  i n d i v i d u a l s  
a t  150 p l a n c s  i n  11 s t a t e s .  For t h e  c o t c o n  g i n  s t u d y  che  c o l l e c t i o i i  o f  t h e  
da:J took p l a c e  d u r i n g  the  1 9 7 8  and  1979  g i n n i n g  s e a s o n s .  jie o b t a i n e d  
i n f o r m a t i o n  o n  c o m p a r i s o n  p l a n t  vorkers d u r i n g  the  1 9 7 8 ,  1979  and 1980 cotcon 
s e a s o n s .  

This  s:ud:r h a s  a l s o  b e e n  c a l l e d  " A  cross-sectional e p i d e m i o l o g i c  s c u d y  f o r  
b : r s s i z o s r s  :n :he n o n - : e x t i l e  i n d u s t r y . "  . .  

v i i i  
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TaS:e I .  Summary o f  r e s u l t s  from p u b l i s h e d  r e p o r t s  o f  e p i d e m i o l o g i c  
s u r v e y s  t o r  b y s s i n o s i s  O K  o c h e r  r e s p i r a t o r y  d i s o r d e r s  i n  
c o t c o n  g i n s .  

D u s t  S p i rome c r y B y s s i n o s i s  R e f .  hu C ~ O  r ‘ { ~ J c  C o u n t r y  
mg/” A c u t e  C h r o n i c  ‘P reva  1 e n c  e 

Ch a n E  Change - - --  
C i l s o n  !962 Uganda 1.0-11.0 none  none not d e t d .  ( 2 )  

none noc d e c d .  Yes 

not d e c d .  n o t  d e c d .  noc d e t d .  38 x 0 )  El Bacawi i962 Eg:rpt 

E l  Bacawi196s  Lgy?c 15.0-36.0 yes p r o b a b l e  33 x (4; 
f o  1 low-up Yes p r o b a b l e  50 % 

0% ( 5 )  Kondak i s  1955 G r e e c e  n o t  d e t d .  no t  d e t d .  yes 

0.5-3.0 y e s  Ye8 20 x ( 6 )  K h o g a l i  1969  Sudan 
Yes yes 49 f 

18 x ( 7 )  

0.9 y e  s no ; o  x ( 8 )  

K h o g a l i  1 9 7 6  Sudan  1.0-2.0 no t  d e t d .  no 
n o t  d e t d .  yes 4a x 

Palmer 1078 T e x a s  
R i o  Grande  

no 13 f , ( 9 )  L a r s o n  1981  C a l i f o r n i a  g i n  0.7 y e s  

c o n t r o l  0 y e s  no 10 f 

Nocc: G i n n i n g  p r o c e s s e s ,  d u s t  s a m p l i n g  m e t h o d s ,  and  e p i d e m i o l o x i c  m e t h o d o l o g y  
u s e d  i n  c h e  s u r v e y s  l i s t e d  v a r i e d  s i g n i f i c a n t l y ;  t h e r e f o r e ,  t h e r e  is no 
accempt  t o  d i r e c t l y  compare  t h e  r e s u l t s .  

. 



T a b l e  2 .  S u b s e t 4  o f  t h e  n o n - t e x t i l e  c o t t o n  i n d u s t r y .  

Y c o t t o n  g i n s  
c o t t o n  c o m p r e s s  w a r e h o u s e s  

C o t t o n  s h i p p i n g  a n d  r e c e i v i n g  w a r e h o u s e s  
c o t t o n s e e d  o i l  m i l l s q  

c o t t o n  c l a . q s i f i c a t i o n  o f f i c e s *  
c o t t o n  w a s t e  u t i l i z a t i o n  p l a n t s ”  

c o t t o n  g i n  mote r e c y c l e r  
c o t t o n  g a r n e t t i n g  p l a n t s  

c o t t o n s e e d  d e l i n t i n g  p l a n t s  ( c r o p  p r e p e r a c i o n )  
c o c t o n  f a rms  

c o t t o n  m e r c h a n t s  s a m p l e  rooms 
c o t t o n  s a m p l e  rooms ( t e x t i l e  m i l l s )  

c o t t o n  r e s e a r c h  f a c i l i t i e s  
c o t t o n  mop f a c t o r i e s  

cotcan s a l v a g e  o p e r a c i a i s  
c o t t o n  c e l l u l o s e  u s e r s  

4 

4 

- 
“Segments  o f f  t h e  i n d u s t r y  s t u d i e d  by NIOSH i n  t h e  

‘This  segment  was s c h e d u l e d  f o r  s t u d y  i n  t h e  o r i g i n a l  
s t u d y  d e s i g n  b u t  was d r o p p e d  b e c a u s e  o f  b u d g e t  and  t r a v e l  

“ s e c o n d a r y “  o r  % o n - t e x t i l e “  c o t t o n  s t u d y .  

. + r e s t r i c t i o n s .  
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.. . .  
MATERIALS A N D  METHODS 

I. Background o f  S t u d y  D e s i g n  

NIIOSil d e t e r m i n e d  t h e  t o t a l  number o f  w o r k e r s  i n  e a c h  of t h e  s u b s e t s  and 
c a l c u l a t e d  t h e  minimum s a m p l e  s i z e  n e c e s s a r y  t o  r e p r e s e n t  t h e  t o t a l  
p o p u l a t i o n  o f  t h o s e  i n d u s t r i e s .  C r i t e r i a  were  e s t a b l i s h e d  f o r  t h e  
measurement  of  pulmonary  f u n c t i o n  (101, r e s p i r a t o r y  symptoms,  i m p o r t a n t  
d c m o z r a p h i c  c o - v a r i a b l e s  and e x p o s u r e  t o  c o t t o n  d u s t  (11, 1 2 ,  1 3 ) .  

The sample  s i z e  c h o s e n  was c a l c u l a t e d  t o  be  necessary For us t o  b e  90X s u r e  
o f  c l a i m i n g  an a s s o c i a t i o n  b e t w e e n  d e l t a  F E V l  and  r e s p i r a b l e  d u s t  i f  i n  
r e a l i t y  t h e  d i f f e r e n c e  i n  mean d e l t a  FEVl b e t w e e n  the  h i g h  and low d u s t  
g r o u p s  was 4 5  m l ,  w h i l e  a t  the same t i m e  a l l o w i n g  u s  t o  b e  95% s u r e  c h a t  a n  
a s s o c i a t i o n  v a s  not c l a i m e d  when,  i n  f a c t ,  no a s s o c i a t i o n  e x i s t e d .  The 
e s t i m a t e d  s a m p l e  s i z e  was 450 s u b j e c t s .  

The a n a l y s i s  employed  a l i n e a r  model  and t h e  4 5  r n l  d i f f e r e n c e  t r a n s l a t e d  
i n t o  a s l o p e  O F  - 3 . 0 4 9  L/(mg/? l3) .  U s i n g  o i l y  s u b j e c t s  w i t h  pu lmonary  
F u n c t i o n  and d u s t  m e a s u r e m e n t s ,  and  a d j u s t i n g  f o r  v a r i a b l e s  a s s o c i a t e d  w i t h  
pulmonary  f u n c t i o n ,  r e s u l t e d  i n  t h e  e q u i v a l e n t  o f  207 s u b j e c t s .  This 
r e s u l t e d  i n  a n  e s t i m a t e d  power o f  . 8 9 .  

The s u p e r v i s i n g  i n d u s t r i a l  h y g i e n i s t  d e f i n e d  t h e s e  gork a r e a s :  g i n  s t a n d ,  
b a ' e  p re s s ,  s u c t i o n / c o c t o n  u n l o a d ,  y a r d ,  s t o r a g e ,  o f f i c e ,  o t h e r ,  and  
back.ground and s e t  up t h e  p r o t o c o l  f o r  p l a c e m e n t  o f  v e r t i c a l  e l u t r i a c o r s .  

C o n t r o l  o r  "compar i son  p l a n t s "  t o  d e t e r m i n e  t h e  background  symptom and  
abnorma l  l u n g  f u n c t i o n  p r e v a l e n c e  were a l s o  s t u d i e d .  These c o m p a r i s o n  
p l a n t s  were  t o  i n c l u d e  w o r k e r s  who were  b a s i c a l l y  from t h e  same r a c i a l ,  sex ,  
and s o c i o e c o n o m i c  s t a t u s  as  t h e  c o t t o n  g i n  workers b u t  t h e s e  w o r k e r s  were  t o  
h a v e  no e x p o s u r e  t o  h a r m f u l  r e s p i r a b l e  d u s t .  
i n d u s t r y  p r o v i d e d  most  o f  t h e  c o m p a r i s o n  w o r k e r s  For t h i s  s t u d y .  

A c o n t r a c t o r  t o  NIOSH (SRI I n t e r n a t i o n a l )  c a r r i e d  out t h e  s t a t i s t i c a l  
s a m p l i n g  w h i c h  s e t  t h e  s t a g e  f o r  t h e  f i e l d  work. "he c o n t r a c t o r  d e s c r i b e d  
t h e  c o t t o n  gins i n  t e r m s  o f  a g e ,  p r o d u c t i o n  a n d  g e o g r a p h i c a l  a r e a  and 
t a r g e t e d  t h e  c o t t o n  g i n s  and c o m p a r i s o n  p l a n t s  f o r  s t u d y .  Both  NIOSH-DRDS 
r e s e a r c h e r s  and t h e  c o n t r a c t o r  d i d  t h e  f i e l d  work a c c o r d i n g  t o  t h e  p r o t o c o l  
d e s c r i b e d  b e l o v .  The c o n t r a c t o r  s t u d i e d  t h e  c o t t o n  g i n s  i n  C a l i F o r n i a  a n d  
' l 'exas.  NIOSH-DRDS s t u d i e d ,  i n - h o u s e ,  t h e  c o t t o n  g i n s  i n  N o r t h  C a r o l i n a ,  
G e o r g i a ,  A r k a n s a s ,  and T e n n e s s e e  ( F i g u r e  1). 

W a l k t h r o u g h  s u r v e y s  o f  e a c h  s t u d y  f 3 c i l i c y  were  made by a n  i n d u s t r i a l  
h y g i e n i s t  a n d / o r  a m e d i c a l  o f f i c e r  p r i o r ,  t o  each p r o s p e c c i v e  f i e l d  s t u d y .  
T h e r e  v i s i t s  ; i l l owed  a d e t a i l e d  explanation O E  t h e  s t u d y  p u r p o s e  a s  w e l l  a s  
c o o r d i n a t i o n  o f  p r o p o s e d  s t u d y  d a t e s  w i t h  c o t t o n  g i n  a n d  c o m p a r i s o n  p l a n t  
management .  

The food and  k i n d r e d  p r o d u c t s  

, 
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11. D e s c r i p t i o n  o f  t h e  Cotton C i n n i n ! ,  I n d u s t r y  

A .  Background 

C o t t o n  i s  a n a t u r a l  f i b e r  c r o p  d e r i v e d  from a h e r b a c e o u s  p l a n t  o f  t h e  
X a l v a c e a e  f a m i l y .  The f i b e r s  ( l i n t )  a r e  a t t a c h e d  t o  and grow ' tom t h e  
s u r f a c e  O E  t h e  s e e d s  which a r e  l o c a t e d  i n s i d e  the  c a p s u l e  ( b o l l ) .  'Jhen 
m a t u r e ,  t h e  c a p s u l e s  o p e n  e x p o s i n g  t h e  f i b + r  and s e e d .  Seed c o t t o n  i s  
t h e n  h a r v e s t e d  by mach ine  f rom f i e l d s  which may have  b e e n  t r e a t e d  by 
h a r v c s c - a i d s  s u c h  a s  d e f o l i a n t s  and  d e s i c c a n t s .  The f i r s c  m e c h a n i c a l  
p r o c e s s  f o r  t h e  s e e d  c o t t o n  f o l l o w i n g  h a r v e s c i n g  i s  a i n n i c g ,  t h e  p r i m a r y  
aim 3 f  which  i s  co s e p a r a t e  t h e  f i b e r  f rom t h e  s e e d .  

B .  G e o g r a p h i c a l  D i s t r i b u t i o n  o f  C o t c o n  G i n s  

C o t t o n  g i n s  a r e  s t r a t e g i c a l l y  l o c a t e d  t h r o u g h o u t  t h e  18 c o t t o n  p r o d u c i n g  
s t a i e s ,  g e n e r a l l y  i n  t h e  i m m e d i a t e  p r o d u c t i o n  a r e a .  

The g i n n i n g  i n d u s t r y  i n  t h e  U n i t e d  S t a t e s  c a n  be  d i v i d e d  i n t o  f i v e  
g e o g r a p h i c  r e g i o n s .  The r e g i o n s  i n c l u d e  a l l  o r  p o r t i o n s  o f  t h e  f o l l o w i n g  
s t a t e s :  

1. . West  R e g i o n :  C a l i f o r n i a ,  N e w  V e x i c o ,  A r i z o n a ,  Nevada ,  and  t h e  El 

2 .  Upper S o u t h w e s t  R e g i o n :  T e x a s  High P l a i n s  a r e a ,  C e n t r a l  T e x a s ,  

3. Lower S o u t h w e s t  Xeg ion :  R i o  Grande  V a l l e y  a r e a  o f  S o u t h  T e x a s  
L .  S o u t h  C e n t r a l  ReZion:  L a u i s i a n a ,  A r k a n s a s ,  H i s s i s s i p p i ,  

5. S o u t h e a s t  R e g i o n :  G e o r g i a ,  Alabama,  F l o r i d a ,  S o u t h  a n d  N o r t h  

Paso  r e g i o n  o f  Texas  

and Oklahoma 

H i s s o u r i ,  K e n t u c k y ,  and T e n n e s s e e  

C a r o l i n e ,  and V i r g i n i a  

C o t t o n  g i n n i n g  i s  s e a s o n a l .  I t  b e g i n s  w i t h  t h e  m a t u r i n g  o f  t h e  c o t c o n  
c r o p ,  wh ich  v a r i e s  w i t h  g e o g r a p h i c a l  distribution, and e n d s  s h o r c l y  a f t e r  
t h e  c o t t o n  h a r v e s t  e n d s .  In t h e  U n i t e d  S t a t e s ,  t h e  c o t t o n  g rowing  seasons  
a r e  s u c h  t h a t  e a c h  y e a r  c o t t o n  g i n n i n g  s t a r t s  i n  t h e  Lower Southwes:  
Reg ion  i n  mid-summer, c o n t i n u e s  Chrough the  Sou th  C e n t r a l  and o t h e r  
g e o g r a p h i c a l  r e g i o n s  i n  l a t e  summer and e a r l y  au tumn,  and e n d s  on t h e  
Upper S o u t h w e s t  Reg ion  i n  l a t e  au tumn and e a r l y  w i n t e r .  A p p r o x i m a c e l y  
900-1000 h o u r s  o f  a c t u a l  g i n n i n g  time would c o n s t i t u t e  a n o m a 1  g i n n i n g  
s e a s o n  a s  d e f i n e d  by  t h e  U S D A .  ( 1 4 )  A c t u a l l y ,  t h e  b u l k  o f  t h e  c r o p  i n  
e a c h  g e o g r a p h i c a l  r e g i o n  i s  g i n n e d  i n  6-8 weeks. D u r i n g  t h e  r e m a i n d e r  o f  
t h e  y e a r ,  t h e  g i n  i s  i d l e .  



C . I<.: 3 I 11.1 1 D i i f c :e nc I: j 

T!1c se l ; :c t in : i  3 7 d  p r o p e r  c:,? o f  e i n n i n g  mac i i ine ry  and e q u i p m e n t  a r e  
<!,:C.:rr1::1,:2 !J;i th,: L j . ; , . :Z  I J f  C O C C O I I  proC.:sS.:d, t h e  ! l J : ' j ? 5 t i i i ~  n z c h o d ,  a n d  
:itt: :n(>i:;:urr: cont-::ic *,f :!IC l i n t .  S i n c e  :ii;.sc. f a c t o r s  d i f f r :  
:I I .  o j; I. ;I k, i c ;I 1 i y C h  rij (1 ;;ti < ) t i  : t i i  c C;, c t o  n 2e 1 c ~ 

p r a c t i c . : s  in c o n d i C i o n i n ~ ,  g i n n i n g ,  and  pJckagin;: c h c  l i n t  c o t t o n .  

1 .  ~ : i p e s  o f  C o t t o n  

: h e  y nc c c s s i c a c e re $ i o:ia 1 ., - 

I. 

T h e r e  a r c  two t ypes  o f  c o t t o n  prr>duccd i n  chc U . S . :  tJp1Jnd c o t t o n  
(rmu-% l > i r < , > i L u m ) ,  whic's  account^ c o r  79:! o f  t h e  CoCCoii h n r v e z c e d :  
a n d  r i rncr ican I'im:! ( , C n z z : i p i u r n  b a : j , a d e n s c )  , w h i c h  acCoiinCs f o r  :he 
r e m a i n i n 2  17:. ( 1 5 )  '~?le maj .>r  d i f f e r e n c e  i n  t h e  two s p e c i e s  i s  t h e  
s c a p i c  Li:n>jt!i, ;unn::ric;ii ?ima h.i.iin3 a 1onX:er s c a p l e .  Tne l i l f r r e n c c s  
i n  s c . 7 p l c .  Icngt! i  rer ; . . j i rc  u t f f . ? r c n i  ~ i n n i n 2  p rocesscs - - ;nos :  c , l i d e n t  S:i 
t he  t y p e  o f  2 i n - z t . i n d  u s e d .  . ~ ~ c r i c a ~ l  pima c a n  on1;i be ginnl:,? o n  a 
r o l l e r - c y p c  o r  ? l cCar thy  g i n ,  w h i l e  Upland  c o t t o r ,  c a n  b e  g i n n e d  u s i n g  
e i t h e r  a roller-type o r  saw-cype  g i n .  T n e r e  a r e  a p p r o x i m a t e l y  20-30 
ro l l e r - :ypc  g i n s  i n  t h e  U.S.  ( 1 5 )  The majoricy of g i n s  i s  t h e  
s a w - t y p e ,  oE which  t h e r e  a r e  z r e a t e r  t h a n  2500. 

-- 
. .  

2 .  H a r v e s t i n g  :le t hod  s 

G i n n i n g  m a c h i n e r y  and e q u i p m e n t  v a r y  t h r c u g h o u t  t h e  C o t t o n  J e t t  
p r i m a r i l y  becau  ? o f  che  r e g i o n a i  d i f E r r e n c e s  in t h e  c r o p  i t s e l f ,  
h a r v e s t - a i d  p r a c t i c e s ,  and  methods o f  h a r v e s t i n g .  The h a r v e s t i n g  
method g e n e r a l l y  determines che  amount of  c r a s h  i n  t t . e  c o t t o n ,  h e n c e  
the  t y p e  and amount o f  equ ipmenc  r e q u i r e d  a t  a g i n .  

T h e r e  a r e  f i v e  m e t h o d s  o f  h a r v e s c i n g  i o t C o n :  m a c h i n e  p i c k i n g ,  
macPLine s t r i p p i n g ,  m a c h i n e  s c r a p p i n g ,  hand  p i c k i n g  3nd hand 
s n a p p i n g .  !!and p i c k i n 2  a n d  s n a p p i n g ,  f o r m e r l y  ccmmon p r a c : i c e s ,  
p r o d u c e d  t h c  c l e a n e s t  seed  c o t t o n .  However,  t h e y  !rave c!ec!ined t o  
t h e  p o i n t  t h a t  t h e i r  i m p a c t  o n  p r o c e s s i n g  i s  no l o n g e r  o f  i n p o r c a n c e  
i n  d e t e r m i n i n g  g i n  s p e c i f i c a t i o n s .  ? l ach i i , e  s c r a p p i n g ,  a me:hod o f  
h a r v e s t  i n  wh ich  v e r y  l a r g e  a m o u n t s  of  p l a n t  c r a s h  and  s o i l  a r e  
i n c o r p o r a t e d  i n t o  h a r - J e s t e d  s e e d  c o t t o n ,  i s  3lso o f  m i n o r  i m p o r c a n c s  
t o  [!IC g i n n i n g  i n d u s t r y .  

The riiechods o f  h a r v e s t  wh ich  3re  most p r e v a l e n t  i n  t h e  h e r i c a n  
g i n n i n g  i n d u s t r y  a r e  m a c h i n e  s t r i p p i n g  and  m a c h i n e  p i c k i n g .  
p i c k c d ' c o c t o n  a c c o u n t s  n o r m a l l y  f o r  6 O - i O X  of the  c o c a 1  c o t t o n  
h a r v c s c c d ,  w h i l e  machin'e s t r i p p e d  c o t t o n  n o r m a l l y  a c c o u n c s  Cor 3 O - L c :  
of t h e  t o t a l  a c r e a g e .  X a c h i n e  s t r i p p i n g ,  which  i s  predomin; ,nt  i n  t h e  
U p n e r  S s , u c h w e s :  %;;ion, d i i f e r s  f r o m  m a c h i n e  p i c k i n g  m . ~ i n l ; ,  irr t h e  
mcchod 5:i which  t i i c  s c z d  c o t t o n  i s  removcd from t!le ; , i a n c .  

: l a c h i n e  



The m e c h a n i c a l  p i c k e r  selectively separates t h e  e x p o s e d  s e e d  c o t t o n  
f rom t h e  open  c a p s u l e s  w h i l e  t h e  m e c h a n i c a l  s t r i p p e r  i n c o r p o r a t e s  t h e  
e n t i r e  C J P S U ~ C  w i t h  l i n t  p l u s  b r a c t ,  l e a f ,  and s t e m  c o m p o n e n t s  i n  t h e  
h a r v e s t e d  ~ ~ t e r i a l .  The  h i g h e r  r a t i o  O f  t r a s h  t o  l i n t  r e s u l t i n g  f rom 
machine  s t r i p p e d  o p e r a t i o n s  r e q u i r e s  g i n s  t o  h a v e  a d d i t i o n a l  
equ ipmen t  fo r  c l e a n i n g  and t r a s h  e x t r a c t i o n .  

I. Xoisture Concenc o f  Seed  Cot ton  

The m o i s t u r e  c o n t e n t  of the  s e e d  c o t t o n  i s  c r i t i c a l  in t h e  s to rage  
and g i n n i n g  o f  c o t t o n .  I d e a l l y ,  c o t t o n  s h o u l d  b e  h a r v e s t e d  when t h e  
m o i s t u r e  c o n t e n t  of t h e  l i n t  i s  l ess  t h a n  102. F o r  g i n n i n g  p u r p o s e s ,  
t h e  m o i a t u r e  c o n t e n t  o €  t h e  l i n t  s h o u l d  b e  f rom 6 . 5  t o  8%. The 
moisture c o n t e n t  o f  t h e  c o t t o n  d e p e n d s  l a r g e l y  on t h e  c l i m a t i c  
c o n d i t i o n s  d u r i n g  t h e  h a r v e s t  and s t o r a g e  c o n d i t i o n s  p r i o r  t o  g i n  
p r o c e s s i n g ,  and t h e s e  v a r y  o n  a r e g i o n a l  b a s i s .  

' D. P r o c e s s  D e s c r i p t i o n  

T s d a y ' s  modern  c o t t o n  g i n  must  b e  e q u i p p e d  t o  p e r f o r m  many a d d i t i o n a l  
f u n c t i o n s  than E l i  ' n h i t n e y ' s  i n i t i a l  g i n .  A t  t h e  t ime,  ' d h i t n e y ' s  g i n  met 
a g r e a t  economic  need  b e c a u s e  i t :  ( A )  removed cotton f i b e r s  much f a s t e r  
t h a n  hand me thods  and (B) removed c o t t o n  f i b e r s  a t  much l ess  cos t  t h a n  
e x i s t i n g  hand me thods .  However ,  i t  d i d  not n e c e s s a r i l y  remove t h e  f i b e r s  
more z e n c l y  than hand m e t h o d s .  The e l i m i n a t i o n  o f  hand  p i c k i n g  h a s  
r equ i r ed  g i n s  t o  i n s t a l l  a d d i t i o n a l  e x t r a c t i n g  and  c l e a n i n g  m a c h i n e s  i n  
o r d e r  t o  m a i n t a i n  q u a l i t y  a n d  g r a d e  l e v e l s  demanded by t h e i r  m i l l  
c u s t o m e r s .  The modern  g i n  i s  e q u i p p e d  w i t h  many a c c e s s o r i e s  e m p l o y i n g  
s e v e r a l  d i f f e r e n t  p h y s i c a l  p r i n c i p l e s  t h a c :  d r y  t h e  seed c o t t o n ;  remove 
g r e e n  bo l l s ;  s e p a r a t e  s o i l ,  s t i c k  and  c a p s u l e  componen t s  ( b u r s )  f rom s e e d  
c o t t o n ;  remove l i n t  f rom s e c d ;  h u m i d i f y  i f  n e c e s s a r y ;  remove p l a n t  a n d  
s o i l  t r a s h  f rom g i n n e d  l i n t .  a l i g n  and smooth t h e  f i . b e r s ;  a n d  p a c k a g e  t h e  
f i b e r  i n t o  J. b a l e  f o r  t r a n s p o r t  and s t o r a g e .  

The modern  c o t t o n  g i n n i n g  s y s t e m  i s  f u l l y  a u t o m a t e d .  Seed  c o t t o n  i s  
n o r m a l l y  conveyed  f rom t h e  m c c h a n i c a l  h a r v e s t e r  t o  s t o r a g e  t r a i l e r s  o r  
modu les .  T n r s e  a r e  d e l i v e r e d  t o  t h e  g i n  b y  t h e  p r o d u c e r  and  t h e  c o t t o n  i s  
p n e u m a t i c a l l y  removed and f e d  i n t o  mos t  g i n n i n g  syst1:ms. Some g i n s ,  
howevnr ,  a r e  e q u i p p e d  w i t h  a m o d u l a r  f e e d i n g  s y s t e m  c h a t  f e e d s  s e e d  c o t t o n  
t h r o u g h  s e e d  c m v e y o r s  i n t o  t h e  p l a n t .  Once i t  e n t e r s  t h e  p r o c e s s  f l o w ,  
t h e  s e e d  c o t t o n  i s  conveyed  p n e u m a t i c a l l y  t h r o u g h  a l l  s u b s e q u e n t  p r o c e s s  
o p e r a t i o n s .  

I n i t i a l l y ,  t h e  s e e d  c o t t o n  moves t h r o u g h  a d r y i n g  s y s t e m  c o n s i s t i n g  o l  a 
s e r i e s  of fans and a s o u r c e  of h e a t e d  a i r  wh ich  s e r v e  t he  t w o - f o l d  p u r p o s e  
o f  a d j u s t i n g  t h e  m o i s t u r e  c o n t e n t  t o  6.5 t o  8I and c o n v e y i n g  i t  t h r o u g h  
t h e  d r y e r .  
g i n n i n g ;  d r i e d  c o t t o n  g i v e s  up  more o f  i t s  f o r e i g n  m a t t e r ,  and t h e  g i n n e d  
l i n t  i s  s m o o t h e r .  S u h s e q u e n c l y ,  cne c o t t o n  moves i n t o  a s e r i e s  o f  
c l e a n e r s ,  i n c l u d i n g  s t i c k  m a c h i n e s .  a i r - l i n e  c l e a n e r s  and i n c l i n e d  
c l e a n e r s .  

D r y e r s  c o n d i t i o n  t h e  s e e d  c o t t o n  f o r  s m o o t h e r  e f f i c i e n t  

n e s e  s e e d  c o t t o n  c l e a n e r s  s e r v e  t h e  d u a l  p u r p o s e  o f  o p e n i n g  
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Lh;: c o : : o : ~  o r  3 r ~ : a k L i I ~  u p  l ~ r z a :  * w a d s ,  an,! r?m- .>v~ng :oroLgn n a t t e r  s u c h  a s  
s:~::?:;, l e 3 i  i r ~ g m e n c s ,  c3psu l . :  componcn t s  ( b u r s ) ,  sand. a n d  l u s t  f r o m  t h e  
s-:.:,! c.,)::on. Thc:se f u r e i ~ n  m a t e r i ~ l r  h 3 . ~ ( l  brcomc i n c o r 7 o r a t e d  i n  t h c  
c s : : (2 :: ;I r I XI : i 1 ;: r: IJ r i p.;; ::I I: c il a n i I' J 1 n : ' / I :  5 : i 5;; o ;I e: r a t i on s . (; i 11 n i n;; 
52s L i i t i c  :< > r o c  e 5 s i  ni; m a c  h i n r - :  t r i??,:d co: :on u w a  i 1;: u t  i I i z e  mor? 
c le3nin ; :  r.quipmcnc s i n c e  c h i s  c o t t o n  c o n t a i n s  more n o n - l i n t  m a : e r i a l  t h a n  
m a c h i n e - p r c k c d  cot:on when i t  i s  ' r e i ' e i v e d  a t  the g i n .  

.as::<:, :!I.: s . l . :d  c o c t o : ~  i s  c o n . e y e d  co t h e  3 i n  s t a n d  f e e d e r  .v!icre 1: i s  
d i s c r i i u c e d  a: a s c c 3 d y  t ~ n i f o m  f l o w  i n t o  g i n  s t a n d s .  I n  :hc g i n  s t a n d s ,  
s e e d s  a r e  s e p a r a t e d  i r u m  t h e  l i n t .  ;he  s i z e  and c a p a c i t y  of t h e  g i n  p l a n t  
a r e  d e t e r m i n e d  by t h e  number of g i n  s t a n d s  i t  h o u s e s .  G i n n i n g  f a c i l i t i e s  
u s u ? l l : ~  c o n t a i n  from one t o  f i v e  s t a n d s ,  w i t h  t h r e e  o r  f o u r  b e i n 8  m o z C  
common. S e e d s  a r e  conveyed  m e c h a n i c a l l y  and  p n e u m a t i c a l l y  t o  a s t o r a g e  
h o u s e  and suSsequencl ; :  : o  3nother  i n d u s t r ; i  s e c t o r  ( c o t t o n s e e d  o i l  x i l l s )  
f o r  fur:!>cr ?recessing. ?T.? l i n t  i s  con,Je:/ed by a i r  t h r o u g h  l i n t  c l e a n e r s  
f o r  a f i n a l  c l e a n i n s  and combing a c t i o n  b e f o r e  b a l i n g .  

5 o s t  g i n s  u s c  a d o u b l e - p r e s s  box f o r  p a c k a g i n g  t h e  c o t t o n  i n t o  b a l e s .  The 
l i n t  d r o p s  i n t o  one p r e s s  box a n d  f i l l s  i t  w h i l e  a b a l e  i s  b e i n g  p r e s s e d  
and s c r 3 p p e d  i n  t h e  o t h e r  box .  A p p r o x i m a t e l y  680 pounds  ( 2 1 7  k g )  o f  
c o t t o n  i s  p r e s s e d  i n t o  a b a l e  b e f o r e  i t  i s  wrapped  u i c h  a cove r ,  and  
s t r a p p e d .  One-ha l f  of  a l l  t h e  ' J . S .  g i n s  > p e r a t e  a t  a r a c e  o f  8 b a l e s  per 
hour  o r  less, and o r l ly  a b o u t  8% a r e  rated a t  19 b a l e s  per h o u r  o r  more. 
Coc:on b a l e s  p r o d u c e d  i n  m o s t  g i n s  a r e  l o t .  compacc  e n o u g h  t o  meet s h i p p i n g  
r e q u i r e m e n t s ;  t h u s ,  t h e y  m u s t  b e  sent  :o a c o m p r e s s - w a r e h o u s e  f o r  f u r t h e r  
c o m p r e s s i n g .  Some modern g i n s  a r e  p r e s e n t l y  e q u i p p e d  w i t h  h i g h e r - t o n n a g e  
b a l e  p r e s s e s  c h a t  p r o d u c e  t h e  more c o m p a c t  " u n i v e r s a l  s i z e d "  c o t t o n  b a l e s  
and a r e  a l s o  e q u i p p e d  w i t h  c o t t o n  s a m p l i n g  i n s c r u m e n c s  t h e r e f o r e  b y p a s s i n g  
t h e  c o m p r e s s - v a r e h o u s e  r o u t e .  The f i n i s h e d  COtCOn b a l e  is t r a n s p o r t e d  t o  
t h e  t e x t i l e  m i l l  f o r  p r o c e s s i n g  in;o y a r n .  

. .  

E .  The G i n n i n g  X o r k  F o r c e  

The p l a n t  l a b o r  i n  the  g i n n i n g  o p e r a t i o n s  c a n  b e  d i v i d e d  i n t o  t h r e e  
s p e c i i i c  c i e w  functions: r e c e i v i n g ;  c o n d i t i o n i n g  and  g i n n i n g ;  and b a l e  
p a c k a g i n g .  

Each g i n  c r e w  h a s  somewhat d i f E e r e n t  o p e r a t i o n a l  c h a r a c c e r i s c i c s .  The 
s i z e  o f  c h c  o p e r a t i o n  and  c a p a b i l i t i e s  o f  t h e  i n d i v i d u a l s  a l l  i n f l i c n c e  
t h e  makeup of t h e  g i n  c rew.  T y p i c a l l y ,  i: was f o u n d  d u r i n g  c h i s  s t u d y ,  
the crew o f  a t h r e e  t o  f o u r - s t a n d  g i n  h a v i n g  a c a p a c i t y  of  10 o r  more 
b a l e s  p e r  h o u r  had a p l a n t  manager  ( u s u a l l y  t h e  o w n e r ) ,  a g i n  
s u p e r i n c e n $ e n c ,  a g i n  ~ ~ 2 n d  o p e r a t o r ,  a l i n t  c i e a n e r  o p e r a c o r ,  a p r e s s  
o p e r a t o r  and t w o  t o  f o u r  h e l p e r s ,  a s u c k e r  p i p e  o p e r a t o r ,  and one o r  t v o  
y a r d  m e n  w h o  also a l t e r n a t e  3s s u c k e r  p i p e  o p e r a t o r s .  
c o t t o n  r e q u i r e s  . x d d i t i o n a l  c r e w  members f o r  t h e  r e c e i v i n g  and  & i n n i n g ,  
c o n d i t i o n i n g  f u n c t i o n s  b e c a u s e  o f  t h e  g r e a c c r  vo lumc o f  m a t e r i a l  c t ~ a c  i s  
h s n d l c d  and t h e  a d d i t i o n a l  mac!l inery and  e q u i p m e n t .  The d u t i e s  i n v o l v e d  
wi:h e a c h  j o b  i n c l u d e  :he f o l l o w i n g  descriptions: 

X a c h i n e - s t r i p p e d  

9 



x : i c i . ~ ~ e r :  - employs personnel .in,! 3s:; iz: is  d u c i c s  
.- p r r i o d i c . 1 l l y  ch-ci , : ;  l : n r ~ r r  a i ?  IpianC o p c r a c i o n  
- r* :s ; )ons~o! . :  cor. ;:in rna inc . :n~ncc  . i n d  f o r  Z r n e r a 1  and seasonal . .  

ro: 2.1 i r 5 

: s "11 .: r L n: c. nd *: n J s s i s c an  c rn 3 n r7 e r 
- d i r e c t l y  r e s p o n s i b l e  l o r  m i n o r  j;in m o i n c e n a n c e  and r e p a i r  

- h a s  d i r e c t  s u p e r v i s i o n  of  p e r j o n n e l  - d i r e c t l y  r e s p o n s i j l e  f o r  p r o p e r  o p e r a t i o n  o f  p l a n t  
- a s s i s c s  g i n  s t a n d  o p e r a C o r  a ?  needed  

d u r i n g  s h i l c s  

g i n  s cand  o p e r a t o r :  head  g i n n e r  
- k e e p s  s t a n d s  o p e r a t i n g  a t  d e s i g n e d  o p t i m a l  c a p a c i t y  - c h e c k s  m o i s t u r e  c o n t e n t  o f  s e e d  c o c t o n  

l i n c  c l e a n e r  o p e r a t o r :  a s s i s c a n c  g i n n e r  - m a i n t a i n s  l i n c  c l e a n e r s  a t  o p e r a c i n g  c a p a c i t y  - a s s i s t s  g i n  s t a n d  o p e r a t o r  

p r e s s  c r e w :  
a )  p r e s s  o p e r a t o r :  - s u p e r v i s e s  and o p e r a t e s  t h e  p r e s s  - marks  and t a g s  t h e  b a l e s  

b )  a s s i s t a n t s :  - k e e p  p r e s s  s u p p l i e s  a v a i l a b l e  - a s s i s t  i n  "dressing p r e s s "  a n d  " t y i n g  o u t "  

- p e r f o r m  g e n e r a l  h o u s e k e e p i n g  
b a l e s  

s u c k e r  p i p e  o p e r a t o r :  f e e d s  s e e d  c o t c o n  a t  a s  u n i f o r m  r a c e  as ?oss ib!e  

y a r d  man: - k e e p s  c r a i l e r s  o f  s e e d  c o t t o n  s u p p l i e d  t o  s u c k e r  p i p e s  - moves empcy t r a i l e r s  away f rom g i n  p l a n t  

o f f i c e  w o r k e r s :  

a )  s c a l e  m a n :  'weighs C r a i l e ' r s  b e f o r e  and 3 f c e r  c o c c o n  
u n l o a d e d  

b )  g i n  c l e r k :  p e r f o m s  c l e r i c a l  d u t i e s  

The t y p i c a l  g i n  f a c i l i t y  o p e r a t e s  c o n c i n u o u s l y  d u r i n g  c h e  work s h i f t  
e x c e p c  f o r  o c c a s i o n a l  m a c h i n e  r e p a i r s ,  choke  c l e a r i n g ,  o r  o c h e r  s i m i l a r  
p r o b l e m s  unexpectedly e n c o u n t e r e d .  
o p e r a t i o n s  a c  m i d - s h i f c  f o r  a meal  b r e a k  and d u r i n g  che l a s c  30 minutes 
of  e a c h  s h i f t  d u r i n g  wh ich  c l e a n i n g  and m a i n c e n a n c e  a c t i v i t i e s  a r e  
p e r  f o nned . 

Y o s C  f a c i l i t i e s  s h u t  down p r o c e s s  
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111. S a m p l i n g  P r o c e d u r e  

'The p r i z a r y  o b j e c t i v e  o f  d e t e r m i n i n g  l e v c l s  o f  d u s t  c o n c e n t r a t i o n  i n  :he 
g i n n i n a  z o r i .  e n v i r o n m e n t  2 3 s  t o  p r o v i d e  . ' a t 3  f o r  c o r r e l a t i o n  r i c h  t h e  r e s u l t s  
o f  t h e  3 e d i c ~ l  s u r v e i l l a n c e  : e s t s .  I n  e a r l y  s t u d i e s ,  o n e  g r w p  o f  
i n v e s t i g a t o r s  ( 1 5 )  v a s  u n ~ b l .  t o  adequa :e ly  c o r r e l a : .  ' J y s s i n o J i n  symptoms w i t h  
l e v e l s  of a i r b o r n e  c o t t o n  d u s t  u n t i l  :tte:t u s e d  a s i z e - s e l e c t i v e  s a m p l i n g  
d e v i c e  t o  m e a s u r e  t h e  d u s t  l e v e l s .  

C o t t o n  d u s t  h a s  S e e n  c o n s i d e r e d  a complex  d u s t  b e c a u s e  i t  c o n t a i n s  a 
r e s p i r a b l e  ? o r t i o n  and a non-respirable p o r t i o n  w h i c h  i n c l u d e s  f i b r o u s  
m a t e r i a l .  ( 1 7 )  The n o n - r e s p i r a b l e  d u s t s  which a r e  i n  t h e  a i r  of a c o t t o n  g i n  
a r e  o f  some i m p o r t a n c e  from r.he s t a n d p o i n t  O E  Eire and g e n e r a l  h o t i s e k e e p i n g .  
They  have  l i t t l e  known h e a l t h  s i g n i f i c a n c e .  Not o n l y  i s  che c e l l u l o s e  o f  t h e  
f i b e r s  b i o l o g i c a l l y  i n e r t  b u t  a l s o  t h e  f i b e r s  a r e  g e n e r a i l y  t o o  l a r g e  t o  be 
i n s p i r e d ,  and a l l  a r e  t o o  l a r g e  t o  p e n e t r a t e  a n y  d i s t a n c e  i n t o  t h e  humon 
r e s p i r a t o r y  c rsc t .  If t h e  c o t t o n  f i b e r s  were i n  a c o n s c a n t  r a t i o  t o  t h e  d u s t  
o f  b i o l o g i c  s i g n i f i c a n c e ,  t h e n  i c  would make l i t c l e  d i f f e r e n c e  w h e t h e r  chey  
w e r e  i n c l u d e d  o r  e x c l u d e d  f rom t h e  d u s t  s 'ample.  
c o n c e n t r a t i o n  o f  c o t t o n  f i b e r s  c a n  v a r y  by a n  o r d e r  ol m a g n i t u d e  f o r  a g i v e n  
c o n c e n t r a t i o n  o €  b i o l o g i c a l l y  s i g n i f i c a n t  d u s c ,  t h e n  che c o t t o n  t i b e r  m u s t  b e  
e x c l u d e d  f rom t h e  s a m p l e .  (18) 

I f ,  h o w e v e r ,  t h e  

T h e r e f o r e ,  t h e  i n d u s t r i a l  h y g i e n i s t  mus t  t ry  I:o e x c l u d e  b o t h  che f i b r o u s  
m a t e r i a l s  a s  w e l l  a s  t he  medium s i t e  d u s t  w h i c h  c o u l d  n o t  r e a c h  t h e  t r a c h e a ,  
b r o n c h i  and  l o w e r  r e g i o n s  o f  t h e  l u n g .  The a e r o d y n a m i c  d i a m e t e r  ( A E D )  c u t - o f f  
for d u s t  e n t e r i n g  t h e  t r a c h e a  and  b r o n c h i  i s  b e l i e v e d  t o  be 15 m i c r o n s .  ( 1 9 )  
The c u t - o f f  s i z e  c h o s e n  f o r  t h e  i n s t r u m e n t  t o  sample f o r  b i o l o g i c a l l y  
s i g n i f i c a n t  c o t t o n  d u s t ,  t h e r e f o r e ,  s h o u l d  a p p r o x i m a t e  1 5  m i c r o n s ,  t o  most 
a c c u r a t e l y  collect c h a t  f r a c t i o n  s i m i l a r  t o  chat d e p o s i ' c e d  i n  t h e  t r a c h e a  a n d  
l o w e r  regions of t h e  pu lmonary  t r a c t .  

V e r t i c a l  e l u c r i a c i o n  u t i l i r e s  g r a v i t y  f o r  p a r t i c l e  s e p a r a t i o n .  .AS p r e v i o u s l y  
d e s c r i b e d  ( 2 0 1 ,  t h e  b a s i c  e q u a t i o n  i s :  

Q m VA 
w h e r e ,  

Q - f l o w  r a t e  p u l l i n g  d u s t  i n  f i l t e r  
V 9 v e l o c i t y  a t  which  ? 3 r : , i c l e s  o f  t h e  s e l e c t e d  s i z e  o r . l a r g e r  

f a l l  a c c o r d i n g  t o  t h e i r  a e r o d y n a m i c  d i a m e t e r  
A 9 c r o s s  s e c t i o n a l  a r e a  D f  t h e  e 1 u : r i a t i o n  chamber  

Us ing  t h e  above e q u a t i o n ,  a p r a c t i c a l  v e r t i c a l  e l u t r i a c o r  was d e s c r i b e d  i n  
1970. ( 2 1 )  The u s e  o f  t h e  v e r t i c a l  e l u c r i a c c , r  f o r  m e a s u r i n g  h u m a n  e x p o s u r e  t o  
c o t t o n  d u s t  producer! d 3 t a  which c o r r e l a t e d .  w e l l  w i t h  i n d i c a t i o n s  o f  b i o l o g i c a l  
r e s p o n s e .  (16) T h e r e f o r e ,  f o r  t h e  p u r p o s e  o f  d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  o f  
b i o l o g i c a l l y  s i g n i f i c a n t  c o t t o n  d u s t  i n  the  work  e n v i r o n m e n t  a s  a d d r e s s e d  i n  
t h i s  s t u d y ,  t h e  Lumsden-Lynch v e r t i c a l  e l u c r i a c o r  ( V E )  was u s e d .  T h i s  sampler 
works  on t h e  p r i n c i p l e  o f  p r o d u c i n g  a slow, l a m i n a r ,  u p - f l o w  o f  a i r  t h a t  



r y u l l 1 3  1:ie i J i L I 4 I I .  sy';cv " *  "U,, ~ . , ' L , L t L C 3  ' I L  L I I C  ul/p,c, C I I "  v i  L 1 I C  ' < D " L L a L " L y  

r a n z e .  ? ~ r t i c l r . s  v i t h  f z l l i n z  s p e e d  g r e a t e r  t h a n  t h i s ,  s u c h  a s  COCCnn f l y  a n d  
l i n :  f i ! i ~ r s ,  and d u s t  p ~ r : i c l e s  l a r g e r  t h a n  I S  m i c r o n s  a e r o d y n a m i c  d i a m e t e r ,  
v i ! :  no: 5.1. : 3 r r i r l  :o :he f i ! t e r  and t h u s  v i l l  noc b e  s a m p l e d .  T h e  samp:e 
:o:!ec:.>! ' u i l !  i n c l u d e  a l l  f i n e  ? U S :  e x c e 9 t  l i n :  and v i 1 1  a p p r o x i m a t e  t h e  sum 
3 i J ; . J ~ . o  1 J r a n d  bron:ho-: ~ 3 c : i e a  I d i . 3 ~ ~  i t  i o n .  

:he x a i n  c s n p o n e n t s  o f  tiye v e r t i c a l  e 1 u : r i a t o r  a r e  t h e  s e ? a r a : i o n  c h a m b e r ,  t h e  
!;I:?:,,  : h e  c r i t i c a l  o r i f i c e  a n d  :k,? :*ac '~um s o u r c e .  

T h e  s e p ~ r a t i o n  c h a m b e r ,  m a d e  of aluminiim, h a s  J l e n g t h  of I L  i n c h e s  and a n  
i n s i d e  l i a m e c e r  o f  5 i n c h e s .  T h e  c o n i c a l  r i n t r v  s e c t i o n  i s  IO i nches  and  h a s  
a n  o p e n t n g  o f  1 -1 /15  i n c h  d i a m c t e r  v h l ; h  p u r p o s e l y  u c d c r s a m p l e s  t h e  13rqe l i n t  
p a r t i c l e s .  ( 2 2 )  The l e n g t h  o f  t h e  c e n t r a l  chamber  r e s u l t s  i n  a d e a u a c e  
s e p a r a : i o n  o f  p a r t i c l e s  a t  :he d e s i g n e d  1 5  m i c r o n  AED c u t o f f .  ( 2 1 )  

A 3 7  nim d i a m e t e r  p o l y v i n y !  c h l o r i d e  f i l t e r  vi:h J p o r e  s i z e  o f  5 m i c r o m e t e r s  
was u s e d  vic!i a s t a n d a r d  3 7 ' m m ,  I - p i e c e  p o l y s t y r e n e  s a m p l i n g  c a s s e t r e .  

The a c t u a l  f l o w  r a t e  c h r o u 3 h  e a c h  f i l t e r  was c o n t r o l l e d  by a c r i t i c a l  o r i f i c e  
l o c a t e d  S e t w e e n  t h e  f i l t e r  2nd t h e  vacuum pump. A c r i t i c a l  J r i f i c e  made of 
d e l r i n  p l a s t i c  e n d  c a l i b r a t e d  a t  7.40 + 0.20 l i t e r s  p e r  m i n u t e  f low a t  LO6 m m  
( 1 5 " )  o f  Hg v a s  u s e d .  
o r i f i c e s  a s  d e s c r i b e d  in t h e  NIOSH C r i t e r i a  Document:  Recommendat ions  for a n  
O c c u p a t i o n a l  Exposure  C t a n d a r d  f o r  C o t t o n  Dusc.  O r i f i c e s  yere c l e a n e d  
u l t r a s o n i c a l l y  a f t e r  e v e r y  5-8 f i e l d  s u r v e y s  and r e c a l i b r a c e d .  

A m e t a l  l u r e  a c a p c e r  v a s  u s e d  b e c v e e n  t h e  c a s s e t t e  and o r i f i c e - r u b i n q  a s s e m b l y  
a r c a c h e d  :o t h e  vacuum s o u r z e  t o  i n s u r e  J p o s i t i v e  c o n n e c t i o n .  

The vacuum s o u r c e  u s e d  w i t h  :he v e r t i c a l  e l u t r i a t o r  v a s  a n  o i l - l e s s  vacuum 
pump : a p a b l e  o f  7 . 4 0  l i t e r s  p e r  m i n u t e  c o n t i n u o u s  o p e r a t i o n  a t  4C6 mm ( 1 5 " )  o f  
i!g . 

A v e t  t e s t  mere; v d s  u s e d  for t he  c a l i b r a t i o n  of 

1 n c r : i a i  c l a s s i f i e r s  s u c h  a s  c a 3 c a d e  i m o a c t o r s  c a n  t h e o r e t i c a l l y  g i v e  a n  
a c c u r b t e  nte;isurcaenc o f  t h e  s i r e  d i s t r i b u t i o n  o f  p a r t i c l e s  over t h e  r a n g e  o f  
i p t e r e s t  f o r  o c c u p a t i o n a l  e x p o s u r e s .  S i r e  c h a r a c t e r i s t i c s  o f  q i n  gene:ated 
dusts were m e a s u r e d  by mass  c h a r a c t e r i z a t i o n  u s i n g  a n  e i g h t - s t a t e  . \ n d e r s e n  
c a s c c d e  i m p a c t o r .  o p e r a t i n g  w i t h  f o u r  V E ' s  c o n n e c t e d  i n  p a r a l l e l .  The 
Andersen  s a m p l e r  v a s  d e s i g n e d  t o  s a m p l e  a c  2 9 . 4  l i t e r s  p e r  a i n u t e ,  v h i c h  i s  
r .cughiy  fot i r  t i m e s  g r e a t e r  t h a n  t h e  s a m p l i n g  r a c e  o f  a v e r t i c a l  e l u t r i a c o r  
(7.6 + 0 . 2  l i t e r s  p e r  m i n u t e ) .  T h e r e f o r e ,  f o u r  v e r t i c a l  e l u c r i a c o r s  vere  
a r r a n g e d  t o  b e  u i c d  a 3  p r e s e p a r a c o r s  t o  t h e  c a s c n d e  i m p a c t o r .  T h e o r e c i c a l l v ;  
i f  t h e  s a m p l i n q  f l o w  i n  t h e  f o u r  v e r t i c a l  e l u c r i a t o r s  V J S  e q u a l l y  d i s c r i b u : e d ,  
d u s t  e n c e r i c s  t h e  Ander sen  s a m p l e r  v o u l d  h a v e  t h e  s a m i  s i z e  c h a r a c t e r i s t i c s  a s  
t ? . ~ t  c o l l e c t e d  by a v e r t i c a l  e l u c r i a c o r .  T h i s  s a r n p l i n g  a r r . = n g e m e n t  o p e r a t e s  
a s  a t v o - s t a x e  s a m p l e r  and s e r v e s  t o  c h a r a c t e r i z r  t h e  s i r e  d i s t r i b u t i o n  of  t h e  
dlrsc f r a c t i o n  p e n e t r a t i n g  t h e  f o u r  V E ' s .  ( 2 3 )  T h e  V E  s e c t i o n  a e r o d y n a m i c a l y  
e x c l u d e s  l a r g e  ( g r e a t e r  t h a n  o r  e q u a l  t o  1 5  a m  a e r o d y n a m i c  d i a m e t e r )  
p a r t i c l e s ,  and r h e  i m p a c t o r  s e c t i o n  c o l l e c t s  and c h a r a c t e r i z e s  t h e  s m a l l e r ,  
" r e s p i r a b l e "  f r a c t i o n  of  t h e  e l u c r i 3 c e d  d u s t .  

- 
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A jhor:-:d.r. sa::?:? i ~ r  CO::~:: ! u s :  c a n  5.1 3 a d e  ' w i : h  J por:a5l*: i n e r t i a l  d u s t  
: . : s r . i t ~ r  .,;izL; J ?r'i?e:!:r c!.:si;x*c! ' v c r : i c a i  e l u : r i a r Q r  t o  s e p a r a : e  l i n t  and 
-..,a ..._... .' . a:: s::.: .:cs: irgm :he d u > :  f r a c : i o n  . i i : h  l e s s  :ban 1 5  3 i i r o n  aerod;vnamic 
-..I::cL.::'. ::e i:.s:r~.~v!:.: sust.; i n  o j j r  s u r . i * i ; i s  ; ~ J S  :he> GCi .  ? . e s p i r a b l e  >us: 
% ~ r ; ; : ~ r ,  >!J%.'*! .SX: : G i ,  i ' n i c h  h a s  b e e n  dc5;ribe.l 5;v i:s d e v e l o p e r s .  (2 : )  The 
~ p c r a : : ) : :  J E  :he ?.3:.!-lCi is b a s e d  on :he p r i n c i p l e  O f  b e : a - a b s o r p c i o n  ,which 
: > : ? i d s  a ~ 3 s ~ r e i e n c  0.' m a s s  c o n c e n t r a r i o n  i n d e p e n d e n :  D E  :he  p a r : i c l e  
:h3r.i,::e:: s c i c j .  C a n s e q u r n : i y ,  1:s p e r f o r m a n c e  i s  no: s i ~ n i f i c a n c l y  a f f e c t e d  
511 'va : ia : :~ns  i r .  ? a r c i c ! e  c o n p o s t : ; o c ,  o p t i c a l  c h a r a c : e r i s t i c s ,  p a r c i c l e  s i z e  
1 :  d : n c r  ?h : / s : ca l  2nd i h e ? i c a l  . v a r i a b l e s  o f  t h e  c o 1 l e c : e d  s a m p ! ~ .  The 
Xesp:rabie >!US: l o n i : o r  i 'as u s e d  t o  comp:?zen: :he da:a t o  be z e n e r a t e d  f r a m  
. "  v.::~c;! e l u : r i a ~ o r  s n p l r s  and : Q  h e l p  e . ~ a l u a t e  i n s : a n c a n e o u s  a m b i e n t  d u s t  
c u ~ e n c r a c i o n s  *which ; rould bc u s e d  :a d e : e n i r . e  : i l : e r  ! o a d i n g  r a c e s  a z d  
c h .l ng i 3;: r e  q.1 i r e  ?e E: s . 

. .  -. 

. .  

, .  
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( 2 5 ) 

IV. S u r v e y  T r o c e d u r e  

The F r i m r y  o b j e c t i v e  o f  d e t e r m i n i n g  l e v e l s  o f  d u s t  c o n c e n t r a t i o n  i n  t h e  vork 
e n v i r o n m e n t  was t o  p r o v i d e  d a r a  f o r  c o r r e l a t i o n  vi:h :he r e s u l t s  oE :he 
nnedica i  surve ; r  :escs. The secorz3ary o b j e c c i v e  u a s  t o  a s s e s s  t h e  i n p a c :  O f  

' v a r i a b l e s  i n  o p e r a t i o n s ,  f a c i . l i t i e s ,  e q u i p m e n t ,  a n d  p r o c e s s e s  o n  d u s t  ;e.reLs. 

I n  Drde r  t o  p r o v i d e  c o r r e l a r i o n  w i t h  t h e  d a t a  from t h e  m e d i c a l  e v a l u a t i o n s ,  
t h e  e x p a s u r e  m e a s u r e m e n t s  n u s c  p r o v i d e  a r e p r e s e n t a t i v e  assessment o f  t h e  d u s t  
l e v e  1 s  e r , c o u n t e r e d  by t h e  e m p l o y e e s  e x a m i n e d .  S e c a u s r  t h e  m e d i c a l  
e x a m i n a t i o n s  were  g i v e n  ? r i o r  :o e x p o s u r e  t o  c o t t o n  d u s t  f o l l o w i n g  a t  l e a s t  36 
h o u r s  w i t h o u t  e x p o s u r e ,  and  r e p e a t e d  d u r i n g  ( o r  i n m e d i a t e l y  a f t e r )  t h e  end  o f  
t h e  work s h i l : ,  d u s t  s m ; l l e s  Y C ~ P  c o l l e c : e d  d u r i n g  e a c h  " m e d i c a l  t r i a l  
e x p o s u r e "  p e r i a d  o n  t h a t  f i r s t  d a y  o f  :he m e d i c a l - e n v i r o n m e n t a l  sur .vey.  F i r s :  
da:/ sampling c m m e n c e d  when p r e - s h i E t  pu1nona::r f u n c t i o n  t e s t i n g  *was : n t : i aced  
and w a s  s t o p p e d  a f t e r  p o s t - s h i f t  s e d i c a i  tesr.s irere c o m p l e t e d .  

S t a t i o n a r : i  ver : ica!  r l u t ~ i a t o r s  were t h e  p r i m r y  s a m p l e r  u s e d  i n  c o l l e c t i n g  
r e s p i r a b l e  ? u s :  s a n p i e s  t o  b e  c o r r e l a t e d  w i t h  emp1o;iee e x p o s u r e s .  S e c a u s e  g i n  
workers o n l y  i n c r m i t : e n c l y  work a t  t h e  e ? u i p m e n t  and  n o v e  a b o u t  w i t h i n  t h e i r  
r e s p e c c i * / e  'work a r e a s  ( p r i m r i l y  a r o u n d  t h e  g i n  s t a n d s  o r  t h e  b a l e  p r e s s ) ,  
se .vera1  : t r a c e g i c 3 l l y  l o c a t ? d  s a m p l e r s  were u s e d  t o  c o l l r c t  adequa:. s a m p l e s  
:J r e i l e c :  'wurker  ? X ; ) O S L I ~ ?  d u r i n g  t h e  work  s h i f : .  The p l a c e m e n t  of t h e  
v e r L i c a l  c l u c r i a t o r s  wou ld  obvious1:r  h a v e  a n  e f fec :  on t h e  amount oi dtls :  
c o l l e c t e d ;  t h e r e f o r e ,  t h e y  were p l a c e d  i n  a p o s i : i o n  :hac would y i e l d  
c o n i i s t c n t  r e s u l t s  r e ? r e s e n c J c i v e  o f  a c t u a l  employee  e x p o s u r e .  

A minimum sE t w o  v e r t i c a l  e 1 u t r i a : o r s  were p o s i t i o n e d  i n  e a c h  d i s t i n c t  
o p e r a t i o n a l  a r e a  o f  :he p l a n t  where  w o r k e r s ,  
normnl.!:r w o r k .  . :ddicionai l :v .  i: w a s  n e c e s s a q ,  t o  u s e  a t  l e a s t  one  v e r t i c a l  
e l u c r i a c o r  f o r  e a c h  d i s t i n c t  a r e a  t h a t  :he s u b j e c t  w o r k e r s  e n t e r  f o r  
s i g n i i i c a r i :  p e r i o d s  ( p r o v i d i n g  t h a t  t h e  c o n c e n t r a c i o n  p r o f i l e s  i n d i c & c e  
d i f f t r e n r  , :on:c: i t ra t ion l e v e l s . .  D e s i g n a t c d  a r e a s  f rom which  e m p l o y e e s  wou ld  
b e  m e d i c a l l y  : e s c c d  i n c l u d e d  [ne f o l l o w i n g :  

. .  

i n c l u d e d  i n  :he m e d i c a l  sur.re.j,  



- a ~ r 3 s " . '  - . , .  -<I,: L ' .3zi:ia: f l o w  characteristics O E  t h e  v e r t i c a l  
t l u c r i a t s r  vou!d not be i n ' l u e n c e d .  I n  c a s e s  where  c r o s s - d r a f t s  0: 
tu:,drd<:s 'der? s u s ? e c c e t i  and t h e  s i t e  c o u l d  n o t  be r e l o c z c e d ,  t h e  i n l e t  
of chc s e p a r a t i o n  chamber  343s p r o t e c t e d  w i t h  a € u n n e l ,  p r e v i o u s l y  
d e s c r i b e d  ( l 7 ) ,  L O  m i n i m i z e  Ic-mir..ir f l o w  d i s t u r b a n c e s .  

- 
- a r e a s  .dher? :he i n s t r u m e n t s  c o u l d  be  moun ted  w i t h o u c  i n t e r f e r i n g  w i t h  

p r o c e s s  3 p e r a : i o n s  and *wi thou t  d i s c u r b a n c e  f rom e q u i p m e n t  o r  worke r s .  

3e?cnd in - ,  o n  t h e  l o c a t i o n  w h e r e  i t  was u s e d ,  the v e r t i c a l  e l u t r r a c o r  was 
s u p ? o r : e l  o n  a : r l pod  b a s e  o r  hung on  a w a l l ,  s t r u c t u r e  beam o r  a p i e c e  of  
e q u i p e n c  t o  i n s u r e  t h e  chamber  o p e n i n g  l o c a t e d  a t  a p r o p e r  b r e a t h i n g  zone  
h e i g h t  of  a0  + 1 i n c h e s  ( l . 5  m r c e r s )  a b o v e  f l o o r  s u r f a c e .  

3us:  s m p l i n g  ' 2 3 s  i n i t i a t e d  o n l y  i f  t n e  g i n  was o p e r a t i n g .  I f  : h e r e  w a s  a 
5r+:z.k!ovfi o r  t e m p o r a r y  shu tdown  r e s u l t i n g  ir. no c o c t > n  b e i n g  g i n n e d ,  ye:  t h e  
2 o r i  ; rc:: r e z a i n e c  a t  : S c  g i n ,  s a m p l i n g  w a s  c o n t i n u e d .  X o m a l l y ,  t h e  'workers 
. ~ o u l ( i  .>:.g.?ge i n  : e p a i r  and c l e a n - u p  a c t i v i t i e s ;  c o n s e q u ? n c l y ,  a c t i v i t i e s  
p e r r ' o m n e i  d u r i : i g  shu tdown  p e r i o d s  may h a v e  r e s u l t e d  i n  h i g h e r  d u s t  
i J n c e n : r a : i s a s  :Sax d i d  a c c i v i c i e s  pe:fanned d u r i n g  n o m a 1  o p e r a t i o n s .  If t h e  
3 i n  2 3 s  shi:: down and :!le g i n  c rew l e f t  t h e  f a c i l i t y ,  s a m p l e r s  were t u r n e d  
o:f, : i l c e r s  removed,  ana  sample r s  were r e s t a r t e d  w i t h  new f i l t e r s  on17 when 
t h e  g i n  resumed operations. 

I n  o r d e r  co c o l l e c :  an  i d e a ;  s a m p l e  r e s p r e s e n c a t i v e  o f  a i r b o r n e  d u s t  wh ich  i s  
l ike::? t o  e n t e r  t h e  workcr's r e s p i r a t o r y  s y s t e m ,  t h e  s a m p l i n g  p r o c e d u r e  w a s  
.lesig,ii*": so char.  s a m p l e s  o f  t h e  a c c u 3 1  d u s t  c o n c e n t r a t i o n s  were c o l l e c c e d  
a c c u r a t e l y  3r.d c o n s i s : e n t l ; ?  a n d  r e f l e c t e d  t h e  c o n c e n t r a t i o n s  of  d u s t  a t  t h e  
:;me a n d  p l a c e  of s a m p l i n g .  TO a s s o c i a t e  t h e  d u s t  l e v e l s  i n  t h e  w o r k p l a c e  and  
.he e m p l o y e e ' s  e x p o s u r C  t o  c o t t o n  d u s t  d u r i n g  t h e  r e s p e c t i v e  m e d i c a l  t r i a l  
p e r i o < l ,  i c  W A S  ncci1ss3ry  Co d e t e r m i n e  v h e r f  i n  t h e  Eacilicy t h e y  h a d  worked 
.i;i,d , ~ 1 i a t  p ~ - ~ r t i o r i  o f  Kinrc w2:i s p c n c  in e a c h  of t h e s e  a r e a s .  The work p a c t e r - . ~  
a n d  iniive::it!r.cs O f  211  :ncd ic i t i  c e s t  p a r c i . c i p a n c s  were ,  t h e r e f o r e ,  o b s e r v e d  ~ n , .  

- 

.. ..  



c o n c e n t r a c i o n  i n  t h a t  l c c a t i o n  
. cocal cime exposed 

The t i m c - w e i g h t e d - a v e r a g e  e x p o s u r e  e v o l v e d  a s  ;I mechod o f  
c a l c u l a t i n g  d a i l y  a v e r a g e  c o n c e n t r a t i o n s  by e x p o s u r e  t i m e .  I t  i s  
t h e  e q u i v a l e n t  o f  i n t c g r a r i n g  t h e  c o n c e n t r a t i o n  v a l u e s  o v e r  t h e  
c o c a l  cime b a s e  o f  t h e  Tn'A. The T'JA e x p o s u r e  'sa5 :he m o s i  
a c c u r a t e  d c s c r i p c i o n  of e a c h  e n p l . o y e e ' s  a c t u a l  e x p o s u r e  t o  c o t t 3 n  
d u s t  d u r i n g  t h e  m e d i c a l  t r i a l  p e r i o d .  

In a d d i t i o n  t o  t h e  f i r s t  d a y  work s h ' f t s ,  samplcs were c o l l e c t e d  d u r i n z  a 
vin imuln  s i x - h o u r  p e r i o d  o n  t h e  d a y  f o l l o w i n g  t h e  m e d i c a l  t r i a l  i €  s a m p l i n g  
p r o v e d  f eas i b i e .  

I n f o n n a c i o n  c o l l c c c e d  d u r i n g  e a c h  s a m p l i n g  p e r i o d  also i n c l u d e d  commcnts o n  
o p e r a t i o n a l  and  e n v i r o n m e n t a l  v a r i a b l e s .  S p e c i f i c  d a t a  c o l l e c t e d  a t  e a c h  g i n  
f a c  i 1 i c y  inc Luded : 

1. P r o d u c t i o n  r a t e  ( b a l e s  per h o u r ,  b a l e s  pcr s h i f t ) .  
2 .  Type o f  c o t t o n  processed  ( m a c h i n e - p i c k e d  o r  machine-stripped). 
3. E n v i r o n m e n t a l  c o n d i t i o n s  ( t e m p e r a t u r e ,  r e  l a c  i v e  h u m i d i t y ,  

6 .  A t y p i c a l  c o n d i t i o n s  e n c o u n t e r e d  d u r i n g  s s m p l i n z  ( c h Q k e - u p .  
p r e c i p i t a t i a n ,  w i n d s ,  f o g ) .  

€ i r e ,  mcch. in ica1  b r c a k d o v r  1. 

a 3 c 1 ( ~ r o u i i d I r ? n l b i ~ n c  d u s t  l e v e l s  i r e r e  c o l l c c c r d  a t  s e l e c t e d  f ~ c i l i c i e s  v h i c h  
wcrc i l u c  f u l l y  c n c l o s e d  a n d / o r  w h i c h  w e r e  subjc,:: t o  ? o t e n t i a l i ; i  h i g h  a n b i c n t  
dust lcvc!s  i n  t l i c  j udgmen t  o f  t h e  i n d u s t r i a l  h y g i e n i s t .  The  p u r p o s e  o f  
dctcLlriiiiniiig background d u s t  l e v e l s  was t o  e v a l u a t c  t h e  p o i e n t i a l  f o r  a m b i e n t  
d u s t  t o  s i g n i c i c a n c l y  a f f e c t  d u s t  l e v e l s  a s  m e a s u r e d  i n  ;he e n p t o y e e s ' - u o r k  
a r e a s .  I n  g e n e r a l ,  no 3 t t e m p t  was mdde t o  u s e  che  b a c k e r o u n d  d u s t  

~ ~. " 
m e a s u r e m e n t s  a p r i o r i  a s  3 correction € a c t o r  i n  d e t e r m i n i n g  w o r k p l a c e  d u s t  
c o  nc e 11 c r a  c ion s . - 

* G r a v i m e t r i c  DC t e r m i n a t i o n s  

The v e r t i c a l  e l u c r i a c o r s  were  u s e d  t o  d e t e r m i n e  d u s t  l e v e l s  o n  3 w e i g h t  b a s i s ;  
t h e r e f o r e ,  a c c u r a c e  merhods  a n d  p r o c e d u r e s  were  d e v e l o p e d  t o  w e i g h  t h e  € i l : e r s  
b e f o r e  .i:id a f t e r  o b t a i n i n g  d u s t  s a m p l e s .  
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The Cahn m i c r o b a l a n c e  (model  L 7 0 0  e l e c t r o b a l a n c e ,  s e n s i t i v i . c y  = 0.01 mg) w i t h  
d i g i t a l  r e a d o u t  w a s  s f l e c t e d  € o r  *re ig t i in -  
a d s s r p t i o n  c a p a b i l i t y  o f  p o l y v i n y l  c h l o r i d e  f i l t e r s  i s  n e ~ l i g i b l e  (less c h 3 n  
one p,:rc.:n: by.wb?ighc w h r n  e x p o s e d  t o  a r e 1 a t i V e  n u m i d i c y  of  90  p e r c e n t ) .  
( 2 4 )  F d r  c h i s  r e a s o n ,  t h e  p v c  f i l t e r s  were  u s e d  t o  c o l l e c t  s a m p l e s  i n  t h e  
2 i n n  in:, f a c  i 1 i t  i e s .  

The a c c u r a c y  oE t h e  b a l a n c e  m a n i p u l a t i o n  was e v a l u a t e d  p e r i o d i c a l l y  by 
c h e c k i n g  J known w e i g h t  t i i a t  was a b o u t  e q u a l  t o  t h a t  oE t h e  f i l t e r .  C o n t r o l  
f i l t e r s  ( o n e  o u t  oE e a c h  l o t  o f  t e n  "OK a m i n i m u m  oE t e n  C o n t r o l  E i l t e r s  p e r  
f a c i l i t y " )  were  handle.:  i n  t h e  same manner  a s  t h e  s a m p l e  f i l t e r s ,  e x c e p t  f o r  
e x p o s u r e  t o  d u s t ,  t o  i n s u r e  t h a t  d i E E e r e n c e s  i n  w e i g h t  d u e  t o  E a c t o r s  o t h e r  
t h a n  d u s t  c o l l e c t i o n  a r e  p r o p e r l y  c o r r e c : e d .  

BeEore wei.ghing t h e  E i l t e r s ,  
p r o p e r  r a n g e .  
a n d ,  i E  t h e  b a l a n c e  d i d  n o t  r e a d  2 0  mg, t h e  z e r o i n g  and c a l i b r a t i n g  p r o c e d u r t s  
were  r e p e a t e d .  Dur ing  E i l t e r  w e i g h i n g ,  t h e  b a l a n c e  was c h e c k e d  p e r i o d i c a l l y  
a g a i n s t  t h e  20-1112 c a l i b r a t i n g  w e i g h t .  

The f i l t e r  p a c k a g e s  were  opened  and  a l l o w e d  t o  s t a n d  i n  t h e  c o n d i t i o n e d  
a t m o s p h e r e  o f  t h e  l a b o r a t o r y  f o r  a t  l e a s t  o n e  h o u r  p r i o r  t o  w e i g h i n g .  A 
E i l t e r  was t h e n  removed f rom i t s  p a c k a g e  by c a r e f u l l y  g r a s p i n g  t h e  e d g e  of  t h e  
E i l t e r  w i t h  u n s e r r a t e d  n e t a l  E o r c e p s  and  t h e n  p l a c i n g  t h e  E i l t e r  o v e r  a n  
i o n i z i n g  u n i t  t o  e l i m i n a t e  s t a t i c  e l e c t r i c i t y .  The  E i l t e r  was t h e n  c e n t e r e d  
on t h e  b a l a n c e  pan  and we ighed  : o  t h e  n e a r e s t  0 . 0 1  mg. The E i l t e r  was removed 
from t h e  b a l a n c e  pan  and  p l a c e d  on t h e  numbered  cellulose s u p p o r t  pad o f  a 
E i l t e r  h o l d e r  c a s s e t t e .  A f i l t e r - r e t a i n i n g  r i n g  was a p p l i e d  w i t h  s u f f i c i e n t  

' p r e s s u r e . t o  i n s u r e  a t i g h t  s e a l  and  c o v e r e d  w i t h  a f i l t e r  ca s sec : e  t o p .  A 
p l u g  was i n s e r t e d  in t h e  o r i f i c e  o f  b o t h  t h e  cop  ar.d bottom p a r t s  of  t h e  
f i l t e r  c a s s e t t e .  To i n s u r e  t h a t  a n  a d e q u a t e  s e a l  e x i s t e d  b e t w e e n  t h e  b o t t o m  
and m i d d l e  s e c t i o n s  oE t h e  c a s s e t t e ,  a n  o p a q u e  c e l l u l o s e  s h r i n k  band was 
p l a c e d  o v e r  t h i s  j o i n t .  

The f i l t e r s  were t h e n  s t o r e d  i n  t h e  e q u i p m e n t  v a n  and  t r a n s p o r t e d  t o  t h e  
r e s p e c t i v e  g i n  f a c i l i t y .  I m m e d i a t e l y  p r i o r  t o  e x p o s u r e ,  t h e  t o p  s e c t i o n  of  
t h e  c a s s e t t e  and t h e  p l u g  i n  t h e  b o t t o m  p a r t  werz  removed.  The c a s s e t t e  w 3 s  
t h e n  p l a c e d  w i t h  t h e  e x p o s e d  Z i l t e r  f a c e  down i n  t h e  f e r r u l e  o f  t h e  s e p a r a t i o n  
chamber  oE t h e  v e r t i c a l  e l u t r i a t o r .  The c a s s e t t e - f e r r u l e  j o i n t  was s e a l e d  by 
p l a c i n g  a o n e - i n c h  wide  r u b b e r  band o v e r  t h e  j o i n t .  

The l u r e  a d a p t e r  oE t h e  r u b b e r  h o s i n g  c o n t a i n i n g  t h e  c r i t i c a l  o r i E i c e  ( a n d  
a t t a c h e d  t o  t h e  i n l e t  oE t h e  vacuum pump) was a t t a c h e d  c o  t h e  o u t l e t  o r i f i c e  
oE t h e  c a s s e t c e  b o t t o m  s e c t i o n .  

The v e r t i c a l  e l u t r i a t o r  pump was s t a r t e d  and v a c u u m  p r e s s u r e  m a i n t a i n e d  a t  i6 
i n c h e s  oE Hg d u r i n g  t h e  p e r i o d  oE s a m p l i n g .  F i l t e r  l o a d i n g  and  p r o p e r  
o p e r a t i o n  o f  t h e  s a m p l e r s  were m o n i t o r e d  d u r i n g  s a m p l i n c .  A t  t h e  end o f  t h e  
s a m p l i n g  p e r i o d ,  t h e  pump was s t o p p e d ,  r u b b e r  h o s i n g  d e t a c h e d  from c a s s e t t e ,  
c a s s e t t e  removed Erom f e r r u l e  and t o p  p a r t  o €  c a s s e t t e  and  p l u g s  r e p l a c e d .  

T e s t s  h a v e  sho..Jn t h a t  t h e  m o i s t u r e  ?.  

t h e  b a l a n c e  was z e r o e d  and c a l i b r a t e d  i n  the  
A S  a calibration c h e c k ,  a 2 0 - q  c a l i b r a t i n g  w e i g h t  was we ighed  
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A .  P r e - S h i f t :  
I ,  Ca 1 i b r 3  t e  s s p  i r u m  c r y  i n s  C rumen t J C i o n .  
2 .  O b t a i n s  l i s t i n g  o f  e m p l o y e e s '  namcs from p l a n t  

management .  
I. Informs w o r k e r s  of  p u r p o s e  of  s t u d y  and  risks 

i n v o l v e d  w i  ch c o o p e r r t  i c  n. 
4. A c q u i r e s  i n f o r m e d  c o n s e n t  from e a c h  e m p l o y e e  

p a r t i c i p a t i n g  i n  m e d i c a l  t e s t s .  
5. R e g i s t e r s  and  ' i d e n t i f i e s  a l l  m e d i c a l  c e s c  

p a r c i c i p a n t s .  
6 .  P e r f o r m s  p r e - s h i f t  m e d i c a l  s u r v e y :  

a .  

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

m e ~ s u r e m e n t  o €  e m p l o y e e ' s  h e i g h t  and 
w e i g h t .  

p e r f o r m e d  by e a c h  employee  i n t o  
s p  i romec  e r  . 
q u e s t i o n n a i r e  ( d e m o g r a p h y ,  r e s p i r a t o r y  
symptoms,  work h i s t o r y ,  smok ing  h i s c o r y ) .  

c .  employee  i n t e r v i e w  u s i n g  s t a n d a r d i z e d  

8 .  D u r i n g  S h i f t :  
1. I n t e r v i e w e r s  c h e c k  c o a p l e c e n e s s  and a c c u r a c y  

O E  r e s p o n s e s  on  r e s p i r a t o r y  symptoms and co- 
v a r i a b l e s  r e p o r t e d .  

C. P o s t - s h i f t :  
1. I n c e r v i e w s  e m p l o y e e  co  a s c e r t a i n  a c t i v i t i e s  a n d  

2 .  R e p e a t s  f i v e  f o r c e d  e x p i r a t o r y  m a n e u v e r s  of  
p h y s i c a l  c o n d i t i o n  d u r i n g  s h i f t .  

e m p l o y e e s .  

V I .  D a t a  P r o c e s s i n g  

C o l l c c c e d  dusr  sainp:cs a n d  c o n t r J 1  f i l t e r s  were  h a n d - c a r r i e d  L O  t h e  :IIOstI-3zDS 
l a b o r a t o r y  f o r  e r a v i n i e t r i c  a n J l y s i s .  S a m p l i n g  i n f o r m a t i o n  and f i t t e r  d a t a  
vcrc  compute r  c o d e d ,  p r u c e s s z d  3nd  c r o s s - l i n k e d  w i t h  t h e  i n . f o t m n c i o n  c a p e s  
d e f i n i n s  i n d i v i d u a l  e tnployce work a r e a s  3 n d  frequency o f  e x p o s u r e .  ~ h r  
employee  e x p o s u r e  i n f o r m a t i o n  had  b e e n  key-punched  from f i e l d  d a t a  r e c o r d e d  by 
i nd u s t r i 3 1 hy g i e n i s  t s . 
Co~aple:ed q u e s t  i . o n n a i r r s  and  s p i r o m e t r y  d 3 t a  t a p e s  were  hand  c a r r i e d  t o  ei:her 
t h e  i o o c r a c t o r ' 5  u r  NIOS11-DRDS d a t a  a n a l y s i s  c e n t e r s .  t i  iOSt1 and c o n t r a c : a r  
t e c h n i c i a n s  d i g i  c i z e d  ~ c c e p t ~ b l e  PFT c u r v e s  f rom t h e  a n a l o g  s p i r o m e t r y  t J p e s  



. .  
and  q u e s t i o n n a i r e s  were  c o c p c e r  c o d e d  and  key-punched  i n r o  a c o m p u t e r  
Sys t em.  A p r i n c o u c  of  a l l  c o m p u t e r  e n t e r e d  i n f o r m a t i o n  was c h e c k e d  f o r  c o d i n g  
e r r o r s  and i n c o n g r u o u s  d a t a  l i s t i n g s  w e r e  c o r r e c t e d .  1 h e  c r i t e r i a  u s e d  €o r  
c ' / d i u a : i n ;  s ? i r o m e : r y ,  q u r s c i o n n a i r e  and i n d u s t r i a l  h y z i e n c  d a t a  a r e  s h o w ,  i n  
T.1Si*>s L - 3 .  i h e  p r o j e c t  o f f i c e r  s u b s e q u e n t l y  u s e d  r e d u c e d  i n f o : m a c i o n  f r J m  
tnc  q u 2 s : i o n n a i r e  and s p i r o m e t r y  c a p e s  t o  a n a l y z e  f o r  a n d  :o a s s ~ s s  [bo: 
?r?s+:nce and s e v e r i c y  o f  b y s s i n o s i s  o r  o t h e r  r e s p i r a t o r y  d i s e a s e s  ( u s i n g  :he 
JiiO c 1 a s : i i i c a c i o n  of r e s p i r a t o r y  d i s o r d e r s  d u e  t o  e x p o s u r e  t o  t e x t i l e  
'veg*:ca5le d u s t s ) .  D o s e - r e s p o n s e  cur .des  were c a l c u l a c e d  f rom n e r z e d  - . o n p u t e r  
:apes  of r e s p i r a t o r y  e f f e c t  i n f o r m a c i o n  and  d u s t  e x p o s u r e  d a t a .  

T h e s e  cur 'vcs  a r e  che r e s u l t  of  m e a s u r i n g  t h e  q u a n t i t y  of c o t t o n  d u s c  c h a t  i s  
p r e s e n t  ( d o s e )  a l o n g .  w i t h  t h c  o b s e r v e d  p e r c e n c a g e  change i n  l u n g  f u n c c i o n  
( r e s p o n s e ) .  

VII. S t a t i s t i c a l  Ye:hods 

D a t a  w e r e  a n a l y z e d  on a n  I38 370/168 c o m p u t e r  v i a  B c o p y r i g h t e d  s o f t w a r e  
p a c k a g e ,  che S : a c i s t i c a l  A n a l y s i s  S y s t e m  (SASI. ( 2 7 )  D o s e - r e s p o n s e  c u r v e s  
were d e v e l o p e d  f o r  a c u t e  e x p o s u r e s  t o  e l u c r i a c e d  c o t t o n  d u s c  v ? r s u s  s h i f :  
c h a n g e s  i n  ? € V i ,  FEF502, FEF75;: and p e a k  f low try e m p l o y i n g  c h e  C e n e r a l  
L i n e a r  Yodels  P r o c e d u r e  (CL'I) o f  S A S .  P r e d i c t e d  v a l u e s  f o r  c o m p a r i s o n  of  g i n  
w o r k e r s '  pu lmonary  f u n c t i o n  res'J;cs were d e r i v e d  from t h e  d a t a  f r o m  che 
c o m p a r i s o n  p l a n t  v o r k e r s  who were examined  i n  t h i s  s t u d y .  The  m a t c h a d  p a i r  
a n a l y s e s  c h a t  .Acre u s e d  t h r o u g h o u t  t h e  s t u d y  were b a s e d  upon XcNemar ' s  t e s t  
6 2 8 )  and c h c  C h i - s q u a r e  d i s t r i b u t i o n .  ( 2 9 )  



T a b l e  3 .  D e f i n i c i o n s  o f  c z c h n i c a l l y  a c c e p t a b l e  p u l m o n a r y  
f u n c c i o n  m e a s u r e m e n t s .  

The c r i t e r i a  f o r  c e c h n i c a l  a c c e p c a b i l i c y  o f  pu lmonary  f u n c t i o n  d a c a  a r e  
a c c o r d i n g  t o  ; ; n c r i c a n  T h o r a c i c  S o c i e t y :  

I .  The w o r k e r s  b l e w  i n c o  c h e  s p i r o i n e c e r  u n t i l  t h e  p u l m o n a r y  
f u n c t i o n  t e c h n i c i a n ,  i n  che  f i e l d ,  o b s e r v e d  f i v e  v i s u a l l y  
a c c c p c a b l e  f o r c e d  e x p i r a c o t y  m a n e u v e r s  p e r  session ( p r e - s h i f c  
o r  p o s t - s h i f c )  :Je deemed c h e  d a c a  f rom t h e  s e s s i o n  
a c c e p t a b l e  i f  t h e  c o m p u t e r  t e c h n i c i a n  b a c k  a t  c h e  l a b o r a c o r y  
d e t e n n i n e d  c h a c  a t  l e a s c  two  mane ' ive r s  met t h e  ATS c r i c e r i a  
o E a c c e p c a b  i l  i c y .  

2 .  The a n a l o g  c a p e s  of  t h e s e  m a n e u v e r s  vere  digitized b y  
s a m p l i n g  a c  e a c h  10 m i l l i s e c o n d  i n c e r v a l s  a n d  t h e  c u r v e  was 
s a v e d ,  i f  and  o n l y  i f  tt,e d u r a t i o n  o f  the c u r v e  was g r e a t e r  
t h a n  1.1 s e c o n d s .  

3. The compucer  t e c h n i c i a n  e x c l u d e d  from chc a n a l y s i s  any  
c u r v e  wh ich  d e m o n s t r a t e d  a n y  c o u g h i n g ,  e a r l y  t e r m i n o r i o n ,  or 
e x t r a  b r e a t h s .  

4. We a c c e p t e d  f o r  a n a l y s i s  o n l y  c h e  h i g h e s t  FVC i f  and  o n l y  
i f  c h e  s e c o n d  h i g h e s c  FVC vas 95% oE t h e  h i g h e s t  ivC r e c o r d e d  
d u r i n g  a pu lmonary  f u n c c i o n  t e s c i n g  s e s s i o n .  

5. I n  a d d i t i o n  t o  c h e  ATS c r i c e r i a ,  ve a d d e d  a n o t h e r  
c r i t e r i o n ,  wh ich  i s  c h a c  w e  a c c e p t e d  f o r  a n a l y s i s  c h e  h i g h e s t  
FEVt  i f  and  o n l y  i f  t h e  s e c o n d  FEVl was 9 2 . 5 X  o f  the 
h i g h e s c  F E V l  r e c o r d e d  d u r i n g  a pu lmonary  f u n c t i o n  c e s c i n g  
s e s s i o n .  

S o u r c e :  S t a n d a r d i z a t i o n  o f  S p i r o m e c r y ,  h Rev Resp Dis 1 1 9 ( 5 ) : 2 - 1 1 ,  Nay 1979  -- - 
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T a b l e  b . '  D e f i n i t i o n s  of  r e s p i r a t o r : /  symptom d a t a .  f 

h r g n c h i  t is: phlegm p r o d u c t i o n  on mos: d a y s  f o r  a t  l e a s t  3 
m o n t h s  i n  a t  l e a s t  one y e a r  

cough : cough  on most m o r n i n g s  f o r  a s  much J S  3 m o n t h s  
i n  one y e a r  

d y s p n e a :  s h o r t n e s s  o f  b r e a t h  on r e t u r n  t o  work a f t e r  
some d a y s  o f f  when w a l k i n g  w i t h  o t h e r  p e o p l e  of  
t h e  same a g e  a t  a n  o r d i n a r y  p a c e  on t h e  l e v e l  

- 
' P r o t o c o l  f o r  t r a n s l a t i n g  q u e s t i o n n a i r e  i n t o  t h e s e  d e f i n i t i o n s  i s  

found i o  Appendix  E .  

T a b l e  5. D e f i n i t i o n s  o f  t e c h n i c a l l y  a c c e p t a b l e  p e r s o n a l  d u s t  
e x p o s u r e  l e v e l s .  

1.  The worker  m u s t  h a v e  b e e n  u n d e r  observation for a t  l e a s t  6 h o u r s .  

2 .  P e q u i r 2 d  t h a t  :he w o r k e r  h a v e  no  e x ? o s u r e  t o  t h e  d u s t y  p r o c e s s e s  i n  
t h e  w o r k  e n v i r o n m e n t  f o r  7 h o u r s  b e f o r e  t h e  p r e - s h i f t  s p i r o m e t r y .  

3 .  C a l c u l a c e d  t h e  d o s e - r e s p o n s e  o n l y  on t h o s e  workers who d i d  n o t  w e a r  a 
r e s p i r a t o r  o r  who wore a r e s p i r a t o r  i m p r o p e r l y .  

L .  I n  t h e  c o m p a r i s o n  p l a n t s  w e  e x c l u d e d ,  f rom a n a l y s i s  o f  a c u t e  
pu lmonary  f u n c t i o n  c h a n g e ,  any w o r k e r  who had e x p o s u r e  t o  known 
pu lmonary  i r r i t a n t s ,  o r ,  who l e f t  t h e  p l a n t  f o r  more t h a n  a n  h o u r  
d u r i n g  t h e  w o r k i n g  s h i f t .  



' ~ ~ 5 1 . 2  5 .  SC~J,! :~ r e t i s t r a n t s  a n d  e x c l u s i o n  c r i t e r i a  f o r  d ~ t a  a n a l y s i s .  

T o t a l  :iiimS~:r o f  c o t c o n  x i n  ' d o r k e r 3  reqisccred: 5 5 1  
T o t 3 1  n!~r.br.r o f  c o m ? a r i s o n  ?13nt w o r k e r s  r e z i r c c r e d :  1218 

C o t t o n  z i n  ; l o r k e r s  'were e x c l u r l c i  f rom any t y p e  of  a n a l y s i s  i f  t h e y  hod 
presiiosi-:  e :< ; ,o s i~ re  t o  cot :on d u s t  o u r e s i d e  t h e  c o t t o n  g i n  i n d u s c r : r  o r  worked 
i n  an:! t : i ? c  of a m i n e  o r  Foundry o r  had  e x p o s u r e  t o  f l a x ,  hemp,  j u t e ,  o r  
a s b * ? s c o s .  

Comparison ? I a n t  'workers i i e r e  e x c l u d e d  from an:i a n . i l y s : s  i f  the:! met any o f  
t h e  c o n d i t i o n s  above  o r  w o r k e d  i n  a c o t ; o n  g i l l .  

T h e  ?ulmonar:i f u n c t i o n  r e s u 1 : s  from a n y  vorl..er were n o t  an3 l ; r zed  i f  t h e  
f o r c e d  o x p i r o g r a m  d i d  n o t  meet s t a n d ~ r d s  a s  s t a t e d  i n  T a b l e  3 .  

,411 m i s s i n g  q u e s t i o n n a i r e  d a t a  were c l a s s i f i e d  as s u c h .  

I f  t h e  g i n  w o r k e r  d i d  n o t  work more t h a n  5 . 5  h o u r s  o r  wore a r e s p i r a t o r  
p r o p e r l y ,  the  d o s e - r e s p o n s e  for s h i f t  c h a n g e  s p i r o m e t r y  e x c l u d e d  t h a t  w o r k e r .  

. -  . 



Table 7. Definition3 for rcsoiratgry disorders arisinq f r o m  exposure Co 
textile Vepetohle dusts.' 

112 R" 

3 

None 

Non -c I a ss ic bys s i n o  t i c 
chest tightness o r  couzh 

?(onday+ cough o r  occasional 
Yonday chest tizhtness 

Chest tightness on every Honday* 

Chest tightness on every Yondav+ and 
consecutive days thereafter 

Bronchic is 

._ 
' Protocol f o r  trnnsiating questionnaire into these 

definitions is found in Aopendix C .  

''' Crades I / ?  B ,  1 ,  and 2 constitute Schilling's definition of 
Byssinosis. 

* o r  first da: i  b a c k  to w o r k  

Source: WHO Xeporc OCH/81.1 



I .  

2 .  

3 .  

6. 

5 .  

6. 

7. 

8. 

9. 

10. 

TaDle  8 .  C o - v a r i a b l e s  m e a s u r e d .  

age i n  y e a r s  

r a c e  
, m e r i c a n  I n d i a n  
Asian 
B l a c k ,  n o t  of  H i s p a n i c  o r i g i n  
i( i s pa n i c 
Y h i c e  
O t h e r  

s e x  
m a t e  
f e m a l e  

smoki p g  
n e v e r  s n o k e r  
ex - smoker  
p r e s e n t  smoker 

r e s i d e n c e  
Vest R e g i o n  
Lower S o u t h w e s t  Reg ion  
S o u t h  C e n t r a l  R e g i o n  
S o u t h e a s t  Reg ion  
Upper :ouchwest R e g i o n  

h e i g h c  i n  c e n c i m e c e r s  

p o n d e r a l  . index i n  k i l o g r a m s  of  body w e i g h t  per  meter i n  s c a t u r e :  
e x p r e s s e d  a s  k i l o g r a m s l m e c e r :  

l e s s  than 0.5  k i I o g r a m s / n e t e r  
0 .5  k i l o g r a m s / m e t e r  o r  more  

a s rhma  b e g i n n i n g  b e f o r e  t h e  age o f  2 6  
"ye s " 
"no" 

pack y e a r s :  C i g a r e t t e s  smoked p e r  d a y  c u r r e n t l y  t i m e s  y e a r s  smoked 

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



f a b l e  9 .  D e s c r i p t i o n  of cells u s e d  i n  macched p a i r  a n a l y s i s .  

I .  d g e  i n  y e a r s :  e x p r e s s e d  i n  in:cr' l . l is  o f  5 y e a r s  e a c h  from a g e s  15 
y e a r s  :o 59  y e a r s  and  :hen a n  i n c e r . r a 1  o f  70 y e a r s  o l d  and g r e a c e r  

2 .  r a c e  
Amer ican  I n d i a n  
AS i a n  
Black, noc of  H i s p a n i c  o r i g i n  
H i s p a n i c  
Z h i c e  
Ocher  

3 .  s e x  
ma IC 
f e m a l e  

4 .  smoking  
never smoker  
e x-smoke r 
p r e s e n t  smoker  

5. re s idenc e 
; lest  R e g i o n  
Lower Souchwesc  RegiLn 
Souch C e n t r a l  R e g i o n  

Upper Souchwesc  i l e g i o n  
. S o u c h e a s c  R e g i o n  

6 .  l a n g u a g e  
S p a n i s h  
Engl i si1 

7 .  q u e s c  i o n n a  i r e  
Ori g i n a  I 
R e v i s e d  
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RESULTS h':D DISCUSSIC:; 

Envirocmrc:a :  

.. , . , r ~ ~ ~ n ~ : :  .& :he  on g i n  p r o c e s s ,  d u s :  p a r : i c l e s  esc ;pe  in:o :he e n v i r o n m c n c  

i r o n  : e ~ ; t s  J n d  o p e n i n g s  i n  t h e  p n e u n a c i c  c o . i v e y i n g  sys:ems f r o m  c h e  C l c J n r r s  
~ n d  dr;/e:s, f rom che o p e n  f r o n t s  o f  t h e  g i n  s :ands ,  and f r u m  c h e  o v e r f l o u  b i n ,  
t h e  l i n c  chu:e and : h e  b a l e  p r e s s .  T r a s h  m a c e r i a l  a c c u n u l a c e d  Ground t h e  
p l a n <  o r  o n  p r s c e s s  e q u i p c e n t  may a l s o  be  a s o u r c e  o f  a i r b o r n e  d u s t .  A l ?  
t h e s e  d u s c  sou:ces a f f e c t  t h e  dusC c o n c e n c r a c i o n s  m e a s u r e d .  

The re  a r c  a few t h i n g s  [ h a c  s h o u l d  be  k e p t  i n  mind when r e a d i n g  Chi: r e s u l C s  
from t h e s e  s u r v e y s .  C o n c e n t r a c i o n s  m e a s u r e d  by che  v e r c i c a l  e l u c r i a c o r  were  
i n f l u e n c e d  by v a r i a b l e  o p e r a c i o n a l  p a r a s e c e r s  s u c h  a s  a i r  f l o w  p a c c e r n r ,  
c o n d i c i o n  o f  p n e u m a t i c  c o n v e y a n c e  and  l o c a l  e x h a u s c  s y s t e m s ,  a n d  t y p i c a l  and 
ac : r ? i ca l  g i n n i n g  ..!ark p r a c : i c e s .  A d d i t i o n a l l y ,  p l a c e m e n c  o f  che s a m p l e r s  Can 
a f f c c :  c o n c e n t r a t i o n s  m e a s u r e d ,  a d e c i s i o n  b a s e d  o n  :he judgmenc  a f  :he 
i n d u s t r i a l  h y g i e n i s t s .  T h e s e  f a c t o r s  s h o u l d  be  c o n s i d e r e d  a s  l i m i c a c i o n s  A e n  
o b s e r v i n g  d i f f e r e n c e s  b e t w e e n  r e g i o n s ,  g i n s ,  and  a r e a s  wh ich  were s a m p l e d .  
N e v e r t h e l e s s ,  i c  i s  o u r  P r c f e s s i o n a l  o ? i n i o n  t h a t  c h e s e  r e s x l c s  d o  a c c u r a t e l y  
r e p r e s e n t  che r a n g e  o f  e x p o s u r e  l e v e l s  wh ich  c a n  b e  expec:ed t o  e x i s c  i n  
c o t c o n  g i n s .  To i n s u r e  a r e p r e s e n c a c i v e  s a m p l i n g ,  we s o u g h t  t o  m e a a u r e  
c o n d i t i o n s  w i c h i n  a r a n g e  o f  v a r i a b l e s .  ;le o b s e r v e d  a number o f  low and  h i g h  
t e p a c i c y  g i n s ,  g i n s  p r o c e s s i n g  m a c h i n e - s t r i p p e d  o r  m a c h i n e - p i c k e d  s e e d  c o c c o n ,  
f a c i l i t i e s  u s i n g  o l d  and  n e v  e q u i p m e n c  and  gins o p e r a c i n g  u n d e r  d i f f e r i n g  
c 1 imac i c  cond i t  i o c s .  

H y p o t h e s i s  t e s c i n g  o n  e n v i r o n m e n t a l  measu remencs  u s i n g  S t a c i s c i c a l  A n a l y s i s  
Sys t ems  ( S A S )  g e n e r a l  l i n e a r  model  (CLY) p r o c e d u r e s  was u s e d  L O  s t u d y  
r e l a c i o n s h i p s  among v a r i a b l e s .  For c h i s  a n a l y s i s ,  a l o g n o r m a l  n o d e l  i s  
assumed and  f o r  s a m p l e s  b e l o w  c h e  l i m i t  o f  d e c e c c i o n ,  c h a t  l imit  was c a k e n  t o  
b e  t h e  o b s e r v e d  c o n c e n c r a t i o n  ( f o r  m a n i p u l a c i o o s  r e q u i r i n g . l o g a r i c h m i c  
v a l u e s ) .  
p e r  c u b i c  mecer a s  d e t e r m i n e d  by t h e  p r o p a g a t i o n  of e r r o r s  i n h e r e n t  i n  t h e  
s a m p l i n g  and a n a l y t i c a l  p r o c e d u r e s . )  The impacc  of c h i s  n e c e s s a r y  
n a n i p u l a c i o n  i s  t w o f o l d :  F i r s t ,  che  i n f e r r e d  b e a n  c o c c o n  d u s t  e x p o s u r e  l e v e l  
moved s l i g h c l y  upward ;  a n d  s e c o n d l y ,  t h e  f r e q u e n c y  d i s t r i b u t i o n  of t h e  d a c a  i s  
s l i g h c l y  skewed b e c a u s e  t h e  d i s c r i b u c i o n  o f  e x p o s u r e  l e v e l s  b e l o w  30 
n i c r o L r a n s  i s  c e n s o r e d .  

I n  t h e  t a b l e s  p r e s e n t e d ,  SAMPLES r e f e r  t o  t h e  t o t a l  number o f  s a m p l e s  
c o m p r i s i n g  an i n d i v i d u a l  d a t a  s e t .  H E m  o r  " a r i c h m e c i c  mean" i s  c h e  a v e r a g e  
o f  t h e  v a l u e s  i n  t h e  r e s p e c t i v e  d a t a  s e t .  STD o r  " s t a n d a r d  d e v i a t i o n "  i s  a 
m e a s u r e  o f  t h e  v a r i a b i l i t y  o f  che  d a t a .  C41 o r  " g e o m e t r i c  mean" i s  a m e a s u r e  
of c e n t r a l  t e n d e n c y  f o r  a l?gnormal d i s c r x u c i o n .  
deviation" i s  J m e a s u r e  o f  r e l a c i v e  v a r i a b i l i c y  o f  a l o g n o n a l  G i s c r i b u c i o n  
v.s ing a l l  v a l u e s  i n  e a c h  d a t a  s e t .  3IN o r  "minimum" a n d  HAX o r  "maximum" 
r e p r e s e n t  t h e  r a n g e  o f  v a l b e s  c o m p r i s i n g  e a c h  d a t a  s e t .  B e c a u s e  d u s t  d a t a  
t e n d e d  to f o l l o w  a l o g n o r m a l  d i s t r i b u t i o n ,  c h e  g e o m e t r i c  mean was c h o s e n  a s  
che  m e a s u r e  o f  c e n t r a l  t e n d e n c y .  

(NOTE: The l i m i t  o f  d e t e c t i o n  was e s c a b l i s h e d  t o  b e  30 m i c r o g r a m s  

- -- 
CS3 o r  " g e o m c c r i c  s t a n d a r d  - 

- - 
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~ v i r : ; > : ~ .  :-:.I :::.:s:: c : u - . .  ..*.I:,:,: e : s :  . : ~ n ~ c n t ~ j ; : o n s  ? , ~ : ~ ; u r - . d  .Ji:il , J e r t i c J l  
.. _ '  . I , .- .  - , . . ] : . , : : 5  :n,:i,:- :!le 113 : tOn  & : c S  J r g :  S'JI  ~ r i z ; : c  :n ~ j ; i e s  10 a n d  1 1  a n d  
r .  , . , . . , . r  .., ..-.;. A ' ~ ~ r i ~ c i o r t  i:1 .?us:  c o n c c n c r ~ c l o n s  '~13s f x n d  i n  g i n s  x i c h i n  e a c h  
g c o ; r ~ > n : . :  J:CJ. T h e s e  d i l i 2 r e n c e s  i n  Cus: c u n c e n : r a : i o n ;  i n  t h e  d i f f e r e n t  
; ?~ - ,p rapn ica ' :  a r r a s  C J I ~  5,: a c c r i L J u c e ~ !  t o  S e ' J e r 3 1  f J c t o r s :  

A. 9 ~ i i c r e n :  - v a r i e t i e s  si co:ton a r e  p l a n t e d  in : h e s e  a r e a s ,  n e c e s s i t a t i n g  
3 i f f e ~ e : -  har 'zes: in;  ~ e r h o d s .  ?or  e x a n ? l e ,  :he . z a r i e t i e s  of c o t L o n  g r w n  

: a l l  ?;an: : i n i c h  x a c u r e  l o n g  b e f o r e  :he f i r s t  k i l l i n g  f r o s t  a n d  a r e ,  
t h e r e f o r e ,  ~ o s t  2 : : : c i enc iy  h a r v e s : e d  w i t h  a s ? i n d l e  h a r ' / f . s c e r ,  wn,'ch i s  
dcs igne . !  t a  p ~ l l  :he s e e d  c o t : o n  f rom :he c a p s u l e .  A s h o r t e r  p l a n t  
v ~ r i c r y  o f  C C C ~ O ~  grc.;s  i n  :he L 'pper S o u t h w e s t  Xegion 3nd i s  h a r v e s : e d  
..~ith a s - r i p p e r  h a r ' i e s : e r .  A s ~ r i p p e r  h a r v e s t e r  i s  d e s i a n e d  K O  p u l l  :'ne 
c n c i r e  c ~ p s u l e  o f f  the p l a n t  a n d  : h i s  p r o c e s s  a l s o  p i c k s  up  l e a v e s ,  s t e m s ,  
and  weed m a c e r i a l s  a s  u e l l .  The a m o u n t  o f  t r a s h  c o l 1 e c : e d  v i t h  t h e  
s : r i n p e ? - y i c k e d  c o c r c n  i s  thus s r e a t e r  t h z n  w i t h '  cne s p i n d l e - p i c k e d  c o t t J n  
( e . & . ,  LO9 kg r r a s h  f o r  s t r i p p e r ;  98 k g  t r z s n  f o r  p i c k e r - h a r v e s t e d  co t :on )  
? e :  b a l e  ( 1 5 )  a n d ,  subsequently, r.icly r e s u l t  i n  h i g h e r  d u s t  l e v e l s  d u r i n g  
c h e  g i n n i n g  o f  :he har .Jes:ed s e e d  co t :on .  I: h a s  S e e n  previously shown 
c h a t  r a i l  coc:ons !ram ! o c a t i o n s  ?here  c h e  c r o p  i s  n a c h i n e - s t r i p p e d  
g e n e r a t e  ;1 x u c h  d r e a t e r  q u a n t i t y  o f  v e r t i c a l  e L u t r i a c e d  particulate d u r i n g  
; : ~ r d i n g  :h3n d o e s  cotton f rom locations w h e r e  h a r v e s t  i s  b y  
m a c n i n e y i c k i n g .  (IO) 

:>:~. & . . e  .. . . i s : ,  i u i l e r  j o '~ :hves : ,  scu:? C e n t r a l ,  a n d  S o u t n e a s :  Xegions 5 a . z ~  a 

a .  ~ n v i r o m n ~ : n c ~ l  phenomena s u c h  a s  f r e e z i n g  and  p r e c i p i c a c i o n ,  e:c. 
cncoun :e red  d u r i n g  o r  Ixmediately p r i o r  t o  h a r v e s t i n g  may a f f e c t  p l a n t  
pc i r t  iriabi1i:y and : h c r e f o r e  d u s c  l e v e l s  m e a s u r e d  a t  t h e  e i n .  ( 3 1 )  ~ l s o ,  
r a w  coc:on  o r i g i n a c i n g  iron1 :hc humid e 3 s c e r n  U . S .  p r o d u c e s  ! e s s  d u s c  
d u r i n g  c:irdin.; f a r  3 ~ i , i e n  g r a d e  d i v i s i o n  t h a n  co::cns f rom t h e  a r i d  ves:.  
(j:) 

C .  ? ( o s :  o f  t i l t :  < i n n i i i i :  i a c i l i c i e s  s u r v e y e d  I n  t h e  U p p e r  S o u c h v e s :  i l e g i o n  i l r r e  
o l d e r  c!ia: i  :Lase i:i 2 t i : c r  a r e a s ,  a n d  gener3l:;,, poor  h o u s e k e e p i n g  
; > r ; t c c : c c s  i.'c.rc f u l ! s r i c d .  The Jccu lnu i JKcd  c r a s h  i n s i d e  :he p l a n t  v a s  
I n e v i t ~ L l : /  ;1 s e c u n d a r ; ?  s u u r c ?  0.: airborne d u s c .  
s; is tc '1 :15  i n  :iieirl u!Y@: C i c l l i c i e s  u e r e  i n  poor  c ~ n d i t i o n  ( o f t e n  
Lnoperabic) .]:id i c s s  e: :L; :ent  ch3n  c h o s e  m e t h o d s  u s e d  i n  more n o d e r n  g i n s .  

F i n a l l y ,  ;he s u r w y  p e r i o d s ,  . v h i c h  c o i n c i d e d  w i t h  t h e  ~ e a k  g i n n i n g  s ~ J ~ o , , ,  
u c r c  J u l ~ - i u g u s c  i n  til,: Lower South i leSC R e g i o n ,  Occober -> iovember  tile South 
C e n c r J l ,  XauttieJs: 2nd : Jes t  i l c g i o n s ,  a n d  December - Janua ry  i n  t h e  upper  

~ < < i t i ~ ~ 1 a l ! : / ,  venc;; j i io, ,  
. 

0 .  



Sou :>,a! s : i: e i o n  . 
d u r t n z  2e:c-ber and J a n u a r y  f o r c e d  g i n  w o r k e r s  t o  k e e p  d o o r s  and  windows 
clas?,! J S  muck. a s  p o s s i b l e ,  t h u s  l i m i t i n g  t h e  amount o f  a i r  e n t e r i n g  t h e  
?;a?.:. 
jou:h:.e:jt Xeg ions  o p e r a t e d  d u r i n d  w a n ,  s u n n y  d a y s  and  g e n e r a l l y  k e p t  
v:ndovs J ~ J  d o o r s  o p e n  a l l o w i n g  a s t e a d y  f low of r e l a t i v e l y  c l e a n e r  
o u t s i d e  a i r  t o  c i r c u l a : e  t h r o u g h  :he g i n  b u i l d i n g ,  t h e r e f o r e ,  d i l u t i n g  
~ n b i e n c  o u s t  l e v e l s .  The 2 e s t  R e g i o n  g i n s  o p e r a t e d  b e t w e e n  t h e s e  two 
e:ctrr?mrs and mos t  h;d p a r t i a l l y  c l o s e d  work  a r e a s .  (7.5) 

F r e e z.i n g and s u b E re  e z i ng tern p e  r a  t 1 1  re s e nc o u n t e re d 

Qn t h e  o c h e r  h a n d ,  g i n s  i n  :h? S o u t h e a s t ,  S o u t h  C e n t r a l ,  a n d  Lower 

Geomet r i c  mean d u s t  l e v e l s  were  b r o k e n  down i n t o  g i n  s t a n d  (0 .37 mg/f i3) ,  
b a l e  p r ? s s  ( 0 . 2 7  m g / f i 3 ) ,  s u c c i o n / u n l o a d  (0 .13  mg/>13) ,  y a r d  ( 0 . 1 3  mg/H3) ,  
and " o c h e r "  ( 0 . 3 2  mg/x3)  a r e a s  ( T a b l e  11). 
s a m p l e s  c o l l e c t e d  i n  t h e  l i n t  c l e a n i n g ,  b a l e  s t o r a g e ,  c o t t o n  d r y i n g ,  and  
s h i p p i n g  a r e a s .  
r e f ! e c t  t h e  amount o f  d u s t  r e l e a s e d  d u r i n g  t h e  2 c o c e s s  o p e r a t i o n  and  a c c i ' J i c y  
l e v e l  i h e r e n t  t o  e a c h  d s f i n e d  a r e a .  Ai r  movement and  m a c h i n e r y  l a y o u t  seemed 
co  have  a s i g n i f i c a n t  e f f e c t  o n  t h e  d u s t  l e v e l s  m e a s u r e d  i n  v a r i o u s  a r e a s  of  
t h e  g i n  f a c i l i t i e s .  
s t a n d s  were t y p i c a l l y  p l a c e d  a l o n g s i d e  of  t h e  b u i l d i n g ,  o f t e n  l e a v i n g  a n a r r o v  
a i s l e  b e t w e e n  t h e  s t a n d s  and t h e  w a l l .  T h e . b a l e  press  was l o c a t e d  a t  o n e  e n d  
of  t h e  b u i l d i n s ,  u s u a l l y  n e a r  a d o o r .  T h i s  t y p e  o f  a r r a n g e m e n t  :ended t o  
c r e a t e  l o c a l i z e d  a i r  p o c k e t s ,  wh ich  r e s u l t s  i n  d i f f e r e n t  c o o c e n t r a t i o n s  i n  
d i f f e r e n t  a r e a s .  A l s o ,  e x h a u s t  fumes from d i e s e l  o r  g a s o l i n e  t r a c c o r 5 ,  l e f c  
t o  i d l e  i n  t h e  u n l o a d  ( s u c t i o n )  a r e a  o f  some g i n s ,  may h a v e  c o n t r i b u t e d  t o  t h e  
a i r b o r n e  d u s t  m e a s u r e d  i n  t h i s  a r e a .  ( T h j s  s i t u a t i o n  was ' i n d i c a t e d  by t h e  
b r o w n i s h - g r a y  c o l o r  o f  s a m p l e s  s o m e t i m e s  c o l l e c t e d  i n  t h i s  a r e a . )  
s i n c e  t h e  s a m p l e s  were n o t  a n a l y z e d  c h e m i c a l i y ,  t h e  amoun t  o f  c o l l e c t e d  
p a r t i c u l a t e  r e s u l t i n g  f rom e n g i n e  e x h a u s t  i s  unknown, b u t  i s  t h o u g h t  t o  b e  
n e g l  i g i b  l e .  

P a r t i c l e  S i z e  D e t e r m i n a r i o n s  

The " o t h e r "  l i s t i n g s  i n c l u d e d  

The d u s t  c o n c e n t r a t i o n s  m e a s u r e d  i n  t h e s e  r e s p e c t i v e  a r e a s  

For e x a m p l e ,  i n  most g i n n i n g  f a c i l i t i e s  s u r v e y e d ,  g i n  

However ,  

Xnder sen  s a m p l e r s  were u s e d  t o  c o l l e c t  a t  l e a s t  o n e  s e t  of d u s t  s a m p l e s  o r  
p a r : i c l c  s i z e  a n a l y s i s  from most g i n n i n g  f a c i l i t i e s  s u r v e y e d .  F J r  some 
s a m p l e s ,  low d u s t  c o n c e n t r a t i o n s  and i n s u f f i c i e n t  s a m p l i n g  time r e s u l t e d  i n  
i n a d + q u a c e  d u s t  c o l l e c t i o n s  f o r  a c c u r a t e  k , - i g h c  a n a l y s i s .  In t h e s e  i n s t a n c e s ,  
no s i z e  d i s t r i b u t i o n s  c o u l d  b e  d e t e r m i n e d .  

A d d i t i o n a l l y ,  f o r  some of t h o s e  s a m p l e s  s u i t a b l e  f o r  w e i g h t  a n a l y s i s ,  i t  was 
found  c h a t  f i b r o u s  n a t e r i a l  c a u s e d  t h e  o r i f i c e s  f o r  t h e  c o l l e c t i o n  s t a g e s  co 
become p l u g g e d .  Any b r i d g i n g  o v e r  t h e  s m a l l  o r i f i c e s  on  t h e  i m p a c t i o n  p l a c e s  
c o u l d  y i e l d  J. h i g h  d e p o s i t i o n  on t h e  e a r l y  s t a g e s  w i t h  c o r r e s p o n d i n g  low 
d e p o s i t i o n  o n  t h e  l o w e r  s t .qges  o f  t h e  s a m p l e r .  The  r e s u l t  would  b e  a b i a s e d  
p a r t i c l e  d i s t r i b u t i o n  d u e  t a  c a l l e c t i o n  of a l l  b u t  v e r y  f i n e  p a r t i c l e s .  These 
s a m p l e s  w e r e  d i s c a r d e d  and  t h e  .XMD a n d  CSD were n o t  d e t e r m i n e d .  

c a t 2  p r e s e n t e d  b e l o w  summar ize  t h e  mass  m e d i a n  d i a m e t e r  of  t h o s e  s a m p l e s  
c o l l e c t e d  by :he c a s c a d e  i m p a c t o r  w h i c h  were s u i t a b l e  f o r  w e i g h t  a n a l y s i s  a n d  
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c 1  
J . !I 
% .  5 
( 8  . 0 
3.  j 
2 . 7  
6 . a  
4 . 7  
3.5 
3 . 7  

Y ? l 3  ,?allcc = 2 . 7 - 8 . 5  
N>!D :,!itan = 5.30  

In c o m ; , a r i s ~ : ~ ,  
m i l l s  h 3 s  b c c n  r e p o r t e d  t o  r a n g e  f r a m  1 . 8 2 - 3 . 4 0  m i c r o n s .  ( 3 3 )  S i m i l a r  s t u d i e s  
p e r f ~ r m e d  b y  o t h c r  i n v e s t i g a t o r s  ( 2 3 )  o n  c o c c o n  g i n  d u s c  i n d i c a t e  a n  a v e r a g e  
:WD o f  L . 1  microns  w i t h  3 scand3:d d $ ? v i - t i o n  9: 1.2 For :he d u s t  i : a c t i o n  
pcnc: :a t ing :iir v e r c i c a !  e l u c r i a t o r .  The l a r s e  :a?.ge o f  v a l u e s  re?o:ted i n  
c i i i s  s t u d y  o f  g i n n i n g  E 3 c i l i c i e s  i n d i c a t e s  v a r i a c i o n s  irorn g i n  t o  g i n .  in ~ 1 1  
casts, o n i y  ;I s i n g l e  s31npte was c o l l ? c c e d  from e a c h  g i n  and ,  t h ~ r e : o r e ,  s t r o n g  
i i i f e r e n c c s  shoel.d n o t  b e  ~ c c m ~ p t e d .  ? h a c  c h e  a v e r a g e  :W5 o f  e i u t r i a c e d  d u s :  
c o l l e c t i t d  i n  g i n s  i s  s i~ incwhac g r e a t e r  c h a r .  c h a t  co l l* : cced  i n  c e x t i L e  n i l l s  i s  
n o t  s u : ? : . i s i n g  c o n s i d e r i n g  t h e  d i f f e r e n t  t e c h n i c a l  p r o c e s s e s  i n  e a c h  
ind ius t r :? .  \!ccl::inical. p r o c e s s i n g  o p e r a t i o n s  i n  u c h e r  n o r . - t e x t i l e  c o c t o n  
i n d u s c r i c s  a:,? c l iouzh t  co  h e  n i t d  i n  c o m p a r i s o n  t o  o p e n i n s ,  p i c k . i n q ,  3nd 
c:icdiii:; i n  J :c:<:ilc mill.  ( 3 4 )  In g i n s ,  a l a r g e :  :.!;.!D . , a r t i c l e  siz~: n i ~ i ; :  
J!.:<-, !I.: . i : i c i : i i i . i ~ c d  b t ~ c a u s c  c l i  t h e  m i l d  p r o c e s s i n g  oprr3cions. ,i!so, c o t : o a  
dust in :,in:. ::iichC 13.2 C : : < Q C C L C ~  L O  h z v e  3 l a r g e :  a i raunt  o f  s J n d  a n d  $11: 

r : : rc icul : ice  'v.?:-sus t h a t  ;:I 2 : e ; < t i l c  m i l l .  

c h c  m e d i a n  s i z e  o f  c l u c r i a c e d  p a r t i c l e s  C O l l e C t c a  i n  t e x t i i c  

. .  
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0.7 n:/:.43 a s  i r a s  f o i n d  p r e . r i o u s ~ ; /  b y  : !ecfus .  ( 1 7 )  
r*ali?:! ,! ;  From :he DJSC : l o n i t o r  ~ c r &  l o w c r  t h a n  c h o s e  c o n c ~ n c r 3 t  i o n s  n e a s u r e d  
!Jit!i .I 'v . :r t ical  e l u t r i a t o r ,  b u t  IIC c l e a r  p a t t e r n  V J S  o b s e r v e d .  

I n  s(:c:mr;/, c n v i r o n m c n t a l  s t u d i e s  w e r e  c o n d u c t e d  i n  a c r o s s - s e c t i o n a l  s a m p l i n g  
o f  t h e  2 . S .  c o r t o n  g i n n i n g  i n d u s t r y .  The p u r p o s e  o f  t h e s e  s t u d i e s  w a s  t o  
a c c u r a c e l : ~  a s s e s s  emp1o;rees '  o c c u p a t i o n a l  e x p o s u r e  t o  a i r b o r n e  c o t t o n  d u s t  i n  
t h c  ; : i n n i n 2  e n v i r o n m e n t .  D u s t  s a m p l e s  were c o l l e c t e d  by  VIOSH s a m p l i n 2  
m e t h o d s ,  w i t h  v e r t i c a l  e l u c r i a t o r s  and  t i m e - w e i g h t e d - a v e r a g e  c o n c e n t r a t i o n s  o f  
c:nplo;/ec e x p o s u r e  d e t c r m i n c d .  Generally, d u s t  c o n c e n t r a t i o n s  i n  t h e  s u r v e y e d  
$ i n n i n g  f a c i l i t i e s  were  law.  T h e  g e o m e t r i c  mean d u s t  c o n c e n t r a t i o n s  i n  e a c h  
F J c i l i t y  a s  c s l c u l a t e d  u s i n g  a l l  v e r t i c a l  e l u t r i a t * ? d  d u s t  s a m p l e s  c o l l e c t e d  a t  
t h a t  f a c i l i t y  r a n g e d  f rom 0 .03  t o  1.83 mz/U3. 
3 5 ,  o f  t h e  g i n s  had a g e o m e t r i c  mean d u s t  l e v 2 1  m e a s u r i n R  l e s s  t h a n  
0 . 5  m g / X 3 .  Da ta  i n d i c a t e d  t h a t  d u s t  l e v e l s  i n  and  b e t w e e n  ? i n s  were 
v a r i a b l e .  Aerodynamic  p a r t i c ! e  s i z e  v a s  also v a r i a b l e  b e t w e e n  g i n s ,  b u t  
t e n d e d  t o  b e  l a r g e r  t h a n  t h a t  found i n  t e x t i l e  m i l l s .  Da ta  a l s o  i n d i c a t e d  
c h a t  t h e  d u s t  l e v e l s  i n  t h e  g i n s  were d e p e n d e n t  o n  g i n n i n g  p r o c e s s e s .  G i n n i n g  
v a r i a b l e s  t h a t  a f f e c t  v e r t i c a l  e l u t r i a t e d  d u s t  c o n c e n t r a t i o n s  were: 1) i n p u t  
m a t e r i a l ,  i n c l u d i n g  c o n d i t i o n  and  c o n t a m i n a t i o n  o €  s e e d  c o t t o n ;  2 )  l a y o u t  O F  
g i n ,  i n c l u d i n g  t y p e  and  q u a n t i t y  o f  m a c h i n e r v  u s e d ;  aiid 3 )  management 
p r a c t i c e s ,  i n c l u d i n g  m a c h i n e r y  m a i n t e n a n c e ,  h o u s s k e e p i n g  p r a c t i c e s  and 
a i r - r r e a t m e n t .  

E p i d e m i o l o g i c a l  

I n  most i n s t n n c e s ,  

E i g h t y - s i x  p e r  c e n t ,  30 o f  

Demograph ic ,  s m o k i n g ,  and  e e o z r a p h i c  c h a r a c t e r i s t i c s  O F  t h e  c o t t o n  g i n  and  
c o m p a r i s o n  p l a n t  w o r k e r s  a r e  gi .ven i n  T a b l e s  1 2 ,  1 3 ,  1 4 ,  and  1 5 .  A s l i g h t l y  
h i g h e r  p r o p c r t i m  o f  ma le  g i n  w o r k e r s ,  a h i g h e r  p r o p o r t i o n  o f  H i s p z n i c  g i n  
w o r k e r s ,  b u t  l o w e r  p r o p o r t i o n  o f  b l a c k  g i n  w o r k e r s  r e l a t i v e  t o  c o m p a r i s o n  
p l a n t  w o r k e r s ,  were s t u d i e d .  Slroking p r o p o r t i o n s  a l s o  v a r i e d  somevhac .  A 
h i g h e r  p r d p o r t i o n  o f  g i n  w o r k e r s  i s  c u r r e n t  s m o k e r s  (53% t o  4 6 % )  and more 
compai- ison p l a n t  w o r k e r s  had  n e v e r  smoked ( 4 2 %  t o  3 4 % ) .  Ages ,  h e i g h t s ,  and  
g e o g r a p h i c  d i s t r i b u t i o n  o f  g i n  a n d  c o m p a r i s o n  p l a n t  w o r k e r s  were s i m i l a r .  

9 e c a u s e  of  d i f f e r e n c e s  i n  s m o k i n g ,  s e x ,  and  e t h n i c  p r o p o r t i o n  o f  stud:r  
s u b j s c t s  and  t o  e l i m i n a t e  t h e  p o s s i b l e  e f f s c t  of t h e s e  and  o t h e r  c o - v a r i a b l e s ,  
g i n  and c o m p a r i s o n  p l a n t  w o r k e r s  were ma tched  f o r  s e x ,  r a c e ,  a g e ,  h e i g h t ,  
weigh:, smok inp  s t a t u s  a n d  r e g i o n .  T h s r e f o r e ,  d i € E e r e n c e s  i n  r e s p i r a t o r y  
symptoms o r  l u n g  f u n c t i o n  be tween  g r o u p s  a r e  l i k e l y  t o  b e  a t t r i b u t a b l e  to 
d i f f e r e n c e s  i n  e n v i r o n m e n t a l  e . x ? s s u r e .  T a b l e s  1 6 ,  1 7 ,  a n d  18 s u m m a r i r ?  
r e s p i r a t o r y  s y m p t o m s ,  w h i l e  T a b l e  1 9  s u m m a r i z e s  d i f f e r e n c e s  i n  l u n g  f u n c t i o n  
be tween  e x p o s e d  a n d  non-exposed  mz tched  g r o u p s .  C o t t o n  g i n  w o r k e r s  t e n d e d  L O  

h a v e  more d y s p n e a  and b r o n c h i t i s  t h a n  c o n t r o l s ,  b u t  t h i s  was s i g n i f i c a n t  
( p C . 0 1 )  only f o r  b r o n c h i t i s  3monx z i n  w o r k e r s  w h o  had ne'der smoked ( T a b l e  
1 6 ) .  A l t h o u g h  non- sn lok inp .g in  w o r k e r s  r e p o r t e d  b r o n c h i t i s  o v e r  f i v e  t imes a s  
f r e q u e n t l y  a s  c o n t r o l s ,  t h e r e  was o n l y  a modest a n d  n o n - s i g n i f i c a n t  i n c r e a s e  
i n  b r o n c h i t i s  among c u r r e n t  s m o k e r s .  S i n i l a r  t r e n d s  were  seen  u s i n g  t h e  Vi40 
c r i t e r i a  t o  a s s e s s  r e s p i r a t o r y  s y m p t o m s  f rom e x p o s u r e  t o  t e x t i l e  v e g e t a b l e  



d u s t s  ( T a b l e  1 7 ) .  A l t h o u g h  p i n  w o r k e r s  h a d  more S y m D t o m s  i n  a l l  s m o k i n g  
C a t c z o r i e s ,  o n l y  non-smokers  were s i g n i f i c a n t l y  d i f f e r e n t ,  w i t h  g i n  w o r k e r s  
r e p o r t i n z ,  ovI-.r f o u r  cinl,:s c\>e prevalence o f  s:rnp;orns b y  t h e s e  c r i t e r i a .  u s i n a  
S c h i l l i n z ' s  d e l i n i t i o n  o f  b y s s i n o s i s  ( T a b l e  1 8 ) ,  no O v e r - a l l  d i f f e r e n c e  i n  
b : / s s i n o s i s  p r c v a l c n c c  w a s  f o u n d .  !!acchcd a n a l y s i s  of l u n g  f u n c t i o n  ! T a b l e  1 9 )  
rCvc.ll,:d s l i g ! i c  b u t  i n s i r i f i c a n t  i n c r e a s e s  i n  t h e  p r o ? o r c i o n  o f  T i n  w c r k e r s  
who had a r r e a t ? r  t h a n  10% f a l l  i n  FE'/! o v e r  J v o r k  s h i f t .  A l t h o u g h  t h i s  
c r i t e r i o n  i s  mor? s t r i c t .  t h a n  o t h e r s  used  i n  t h e  pas : ,  i t  i s  c o n s i s t e n t  v i : h  
c u r r e n t  !L"O a u i d e l i n e s .  Hove-ier ,  *,!hen 2 i n  a n d  c o m p a r i s o n  ma tched  p a i r s  ',!ere 
compared f o r  t h e  p r o p o r t i o n s  h a v i n g  a p r e - s h i f t  F E V l  less t h a n  SO:! p r e d i c t e , f  
( u s i n $  p r e d i c t e d  . I J ~ ~ C S  ! . s e d  upon t h e  c o m p a r i s o n  w o r t e r s )  c o t t o n  2 i n  worker .$  
had a c o n s i s t c n c l y  I i i E h r r  p r e v a l e n c e  o f  a b n o r m a l i t : /  i n  a l l  smokinu  
c a t e g o r i e s .  O n l ; ~  among c u r r e n t  s m o k e r s  'was t h i s  difference s i e n i f i c a n t  
( p C . 0 1 ) .  S i m i l a r l y ,  g i n  w o r k e r s  c o n s i s t e n c l ; ~  had  a r e a t e r  mean s h i f t  
d e c r e m e n t s  i n  ::VI f o r  a l l  s n o i . i n 2  c a t e g o r i e s  and  c o n s , i s t e n t l : ~  smJl!r?r mean 
p r e - s h i f t  F C ' I ~ .  These  w r e  s i g n i f i c a n t l y  s m a l l e r  f o r  ex - smoker s  and p r e s e n t  
smol..ers ( T a b l e  1 9 ) .  

Dose r e s p o n s e  r e l a c i c n s h i p s  i n  g i n  w o r k e r s  were c a l c u l a t e d  by  p l o t t i n g  
e x p o s u r e  t o  e l u t r i a t e d  c o t t o n  d u s t  i n  m g / Y J  a g a i n s t  p c r c e n t  c h a n g e s  i n  
FEVl, FEF502, FEF75.; and peak  €low o v e r  a work s h i f t  w h i l e  a d j u s t i n p  f o r  
c o - v a r i a b l e s  o f  a g e ,  h e i g h t ,  w e i g h t ,  r a c e ,  p l a n t ,  p a c k - y e a r s ,  smok<ng S C J C U S  

and sex  ( F i g u r e s  7 and  8 ) .  I n  a l l  g i n  w o r k e r s ,  t r e n d s  t o w a r d  d e c r e a s e  i n  l u n g  
f u n c t i o n  were o b s e r v e d  and  were s i g n i f i c a n t  i n  some i n s t a n c e s  ( p e a k  f low and  
FEFso~). When s i m i l a r  r e g r e s s i o n s  were d o n e  on c o m p a r i s o n  p l a n t  w o r k e r s ,  no 
r e l a t i o n s h i p s  %?re f o u n d .  T h i s  i s  n o t  s u r p r i s i n q  b e c a u s e  t h e  x o r k e r s  were 
e x p b s e d  t o  low c o n c t n t r a c i o n s  o f  b i o l o g i c a l l y  inerL d u s t .  

Because  o f  t h e  c l c a r  t r e n d  toward  lower  p r e - s h i f t  l u n g  f u n c t i o n  amonz c o t t o n  
g i n  w o r k e r s ,  J n o d e l  w a s  c r e a t e d  b a s e d  on r e g r e s s i o n  a n a l y s i s  u t i l i z i n g  a 
number of  m e a s u r e s  of  l u n g  f u n c t i o n  b y  e l u t r i a t e d  d u s t  l e v e l  ( m z / Y > )  a n d  
months  o f  c o t t o n  d u s t  e x p o s u r e  w h i l e  a d j u s t i n g  f o r  o t i ie r  i m p o r t a n t  
c o - v a r i a b l e s  ( a 3 e ,  h e i g h t ,  w e i g h t ,  r a c e ,  p l a n t ,  p e a k  y e a r s ,  smokinz s t d ~ u s ,  
and sex - see  T a b l e  2 0 ) .  L i t t l e  e f f e c t  v a s  s e e n  i n  t h e  FVC. However,  t h e  
i n d i c e s  o f  f l o w  (FEV1, FEF~o;; ,  FEF75z) showed t r e n d s  t o w a r d  d e c r e a s e s  i n  
pu lmonary  f u n c t i o n  w i t h  i n c r e a s i n g  d u s t  l e v e l  and  m o n e h s  i n  c o t t o n  g i n  v o r k .  

The p r e v a l e n c e  of b r o n c h i t i s  and  cough  ( b a s e d  on P r o b i c  A n a l y s i s )  b y  f o u r  
e l u t r i a c e d  d u s t  l e v e l s  3mong n e v e r  smoker s  ( p r e v i o u s l y  found t o  h a v e  
s i g n i f i c a n t l y  more b r o n c h i t i s  t h a n  c o m p a r i s o n  p l a n t  w o r k e r s )  i s  shown ' i n  T a b l e  
2 1 .  A s l i g h t  t r e n d  w i t h  i n c r e a s i n g  d u s t  l e v e l  is n o t e d .  The p r e v a l e n c e  o f  
b y s s i n o s i s ,  ;IS d e f i n e d  by S c h i l l i n g ,  was t o o  low t o  perform a n  a n a l y s i s  on 
t h a t  i n d i c a t o r .  However,  u t i l i a i n g ' t h e  WHO i n d e x  of  r e s p i r a t o r y  d i s o r d e r  
a g a i n s t  c u m u l a t i v e  c o t t o n  d u s t  e x p o s u r e  e x p r e s s e d  a s  yea r s -mgIM3,  b o t h  n e v e r  
smoker s  2nd c u r r e n t  smokers  w e r e  a n a l y z e d  ( T a b l e  2 2 ) .  A c l e a r e r  t r e n d  of  
i n c r c a s i . n g  p : z v n l e n c c ,  w i t ! >  o v e r  d o u b l i n R  i n  s;rmpcom prevalence w i : h  2 0  
d u s t - y e a r s ,  i:: o b s e r v e d  among t h o s e  vlio n e v e r  s m o k e d .  A l e s s  c l e a r  t r e n d  i s  
s e e n  anionc c u r r c n C  smokers, w i t h  t h e  l o w e s t  p r e v a l e n c e  s*:en a t  t h e  l o w e s t  

- -  
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d u s t - y e a r  l e ' i e l  and  h i g h e r  ( b u t  n o t  h i e h e s t )  a t  t h e  h i g h e s t  d u - t - y e a r  l e v e l .  
T h e r c f o r c ,  bJ :h  t h e s e  . a ! i . ~ l y s ~ s  o f  r e s p i r a t o r y  s;iinptomn among n e v e r  smokers 
S I I ' ' ' ~ * . S C  b b -  somc ; ! i ; r s a s e  i n  r e s p i r a t o r y  s; . r~p:ons 'vi :h i n c r e a 5 i n g  d u s t  a n d  y c a r s .  

R e s u i t s  d! c h i s  i n d u s t r y - w i d e  s t u d y  o f  c o t t o n  g i n n i n g  a r e  i n  many XJIS 

c o n s i s : c n c    vi:!^ p r e v i o u s  s t u d i e s  o f  c o t t o n  g i n s  (r.':ieved i n  T a b l e  1 ) .  T h e r e  
a r c ,  howcvcr, some d i f f e r e n c e s  vli icli  s h o u l d  be  n o t e d .  The  r e l a t i v e l y  h i g h  
S y s s i n c s i i  p r e , z a l e n c c  n o t e d  by ~l ' J a t a v i  a n d  K h o g a l i  '>a$ g e n e r a l l y  a s s o c i a t e d  
v i c h  much d u s t i e r  c o n d i t i o n s  t h a n  v e  o b s e r v e d  i n  U.S. g i n s .  T h e r e  may J l S O  
h a v e  brcrt s l i g h t  d i f f e r e n c e s  i n  d i s e a s e  d e E i n i t i o n  a n d  s t u d y  m e t h o d s  w h i c h  
c o u l d  a c c o u n t  f o r  some o f  t h e s e  d i f f e r e n c e s .  Pa lmer  i n  a n  e a r l i e r  : i L O S H  s t u d y  
o f  c o t t o n  g i n s  f o u n d  no b y s s i n o s i s .  A l t h o u g h  a l o v  p e r c e n t a g e  o f  s u b j e c t s  i n  
boch t h e  e x p o s u r e  and c o m p a r i s o n  group.. h a d  q u e s t i o n n a i r e  r e s p o n s e s  c o n s i s t e n t  
w i t h  b y s s i n o s i s ,  b y s s i n o s i s  p e r  s e  d o e s  not a p p e a r  t o  b e  s i z n i f i c a n t l y  
i n c r e a s e d  among c o t t o n  g i n  v o r k e r s .  T h i s  i s  p r o b a b l y  l a r g e l y  a c c r i b u t a b l e  t o  
the  r e l a t i v e l y  low d o s e  a n d  i a r g e r  p a r t i c l e  s i z e  o b s e r - l e d  i n  U.S. g i n s ,  b u t  i s  
a l s o  p r o b a b l y  r e l a t e d  co  t h e  s h o r t  g i n n i n g  s e a s o n  and t h e  l t i g h l y  v a r i a b l e  work  
v e e k .  

A l though  b y s s i n o s i s  ( a s  d e € i n e d  by S c h i l l i n g )  d o e s  not a p p e a r  t o  b e  i n c r e a s e d ,  
t h e r e  i s  J good d e a l  o f  e v i d e n c e  c h a t  c o t t o n  d u s t  e x p o s u r e  i s  h a v i n g  on 
a d v e r s e  e f f e c t  on r e s p i r a t o r y  h e a l t h  among U.S. c o t t o n  g i n  w o r k e r s .  
R e s p i r a t o r y  symptoms,  e s p e c i a l l y  b r o n c h i t i s  among n o n - s m o k e r s ,  were  c l e a r l y  
i n c r e a s e d .  Thc d a t a  s u g g e s t s  c h a t  t h e r e  was a d u s t  and  d u r a t i o n  i n f l u e c c e  on  
t h i s  i n c r e a s e  in b r o n c h i c i s  and  r e s p i r a t o r y  d i s o r d e r s  ( a s  d e f i n e d  by ' JHO) .  
S i m i l a r l y ,  e v i d e n c e  o f  a d e c r e a s e  i c  l u n g  f u n c t i o n  over  t h e  work s h i f t  w i t h  
i n c r e a s i n g  r e s p i r a b l e  d u s t  l e v e l  v a s  o b s e r v e d .  T h i s  i s  c o n s i s t e n t  w i t h  
P a l m e r ' s  p r e v i o u s  f i n d i n g s  and t e n d s  t o  p r o v i d e  v a l i d a t i o n  t o  t h e  i n c r e a s e  i n  
symptoms o b s e r v e d  by q u e s t i o n n a i r e s .  F i n a l l y ,  t h e  l e v e l  oi l u n g  f u n c t i o n  
p r i o r  t o  a c u t e  d u s t  e x p o s u r e  v a s  d e c r e a s e d  among g i n  w o r k e r s ,  and 
s i ~ , n i f i c a n c l y  among smokers. T h i s  f i n d i n g  i s  s i m i l a r  t o  t h e  f i n d i n g s  o f  
H e r c h o n t  e t  oL. ( 1 6 )  and Beck e t  a l .  (35) among c o t t o n  t e x t i l e  v o r k e r s  i n  c h a t  
smoker s  were found t o  h a v e  t h e  l o w e s t  l u n g  f u n c t i o n  s u g g e s t i n g  boch  a smok ing  
and c o t t o n  d u s t  e f f e c t .  i i h e c h e r  t h e s e  c h a n g e s  i n  l u n g  f u n c t i o n  among c o c t o n  
g i n  w o r k e r s  a r e  p e r s i s t e n t  beyovd t h e  end  o f  t h e  g i n r : i n g  s e a s o n  i s  unknown. 
I t  d o e s ,  h o w e v e r ,  a p p e a r  c h a t  l u n g  f u n c t i o n  i s  d e p r z s s e d  among U . S .  cotton g i n  
w o r k e r s ,  e s p e c i a l l y  anion2 s m o k e r s .  A l l  o f  t h e s e  o b s e r v a t i o n s  were c o n s i s t e n t  
v i t h  f i n d i n g s  made p r e v i o u s l y  on c o t t o n  d u s t  e x p o s u r e  among cotton t e x t i l e  
v o r k 2 r s .  

In summary, a l a r g e  c r o s s - s e c t i o n a l  s t u d y  d e s i g n e d  t o  s u r v e y  a r e p r e s e n t a t i v e  
s a m p l e  o f  t h e  U . S .  c o t t o n  g i n n i n g  i n d u s t r y  h a s  b e e n  c o m p l e t e d .  E n v i r o n m e n t a l  
a s s c 5 s m c n c  r e l i e d  p r i n c i p J i l y  on t h e  v e r t i c a l  e l u c r i a c o r  and c a s c a d e  
imp;iscdr t o  ~ s s e s s  a i r b o r n e  c o n c e n t r a t i o n  and  p ~ r c i c l e  s i z e ,  r e s p e c t i v e l y .  
D i r e c t  r e a d i n g  i n s t r u m e n t s  p r o v e d  t o  b e  o f  l i m i t e d  v a l u e .  G e n e r a l l y  d u s t  
l e v e l s  i n  u . S .  gins v e r e  r e l a t i v e l y  low w i t h  most gins h a v i n g  g e o m e t r i c  mean 
d u s t  l e v e l s  !)elow 0.50C mg/>13. 
h i g h e s t  d u s t  l e v e l ,  b u t  d u s t  l e v e l  was f o u n d  t o  v a r y  g r e a t l y  front v o r k  a r e a  t o  
v o r k  a r e a  and g i n  t o  g i n .  E p i d e m i o l o g i c a l  a s s e s s m e n t  r e v e a l e d  no t3ore 

The g i n  s t a n d  vas t h e  work a r e a  w i t h  [he  
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b y s s i n o s i s  a w n 2   in workers t h a n  c o m p a r i s o n  p l n n t  workers, b u t  showed nn 
i n c r e a s e  i n  b r o n c h i t i s  and " r e s p i r a t g r y  d i s e a s e  a r i s i n g  from e x p o s u r e  t o  
t . :x: i i . :  . i . : i . : : ~ i J i z  d u s t s "  a:zon; nun-smoi.in2 g i n  u o r k c r s .  E . i i dence  of a 
d u s c - : t s ~ o : i s . :  r,:  ionshi ship ,ua:; f o u n d  bcc 'uecn d u s t  c x p o s u r u  a x d  d e c l i n e  i n  peak. 
f i 0 . w  , I : I ~  : < F 5 , y ;  l u n g  : u n c t i o n  u;'cr :he work s h i f t .  
? r o p o r : i ~ n  o f  s::!oking  in v o r k e r s  was f o u n d  t o  h a v e  d e p r e s s e d  ? r e - s h i f t  l u n g  
func  c i o n .  

, I  

F i n a l l y ,  a h i g h e r  

HECOX4E:IDi\TirJ;IS FOR XI E:;'//iROi:!IE:lTAL S T X I  D ; d D  

i n  a n  earlier s c u d y  i n  t h e  C.S. g i n n i n g  i n d u s c r y ,  T a l m e r ,  e t  a l .  ( 8 )  f o u n d  
e v i d e n c e  0: pu1:nonary f u n c t i o n  a b n o r m a l i t i e s .  C e r t a i n  r e s u l t s  of  t h i s  p r e s e n t  
s t u d y  c o r r o b u r a c e d  t h e i r  f i n d i n g s  and  An a d d i t i o n  f o u n d  e v i d e n c e  o f  e x c e 3 s i v e  
s'/mpcoms a s  ;re11 a s  t h e  i n c r e a s e d  p r e v a l e n c e  o f  b r o n c h i t i s  a n d  " r e s p i r a t o r y  
d i s o r d e r s   rising f rom e :<?osu re  t o  t e x t i l e  vezetable d u s t s "  i n  c o t t o n  g i n  
. J o r k u r :  . ~ i io  h.1.n: ne'iur smoked;  i n c r e a s e d  p r e v a l e n c e  of be low-norma l  p r e - s h i f t  
F K ' J l  I n  s m o k e r s ;  and l o , J e r  m e a n  p r e - s h i f c  F E V l  i n  ex-smokers a n d  p r e s e n t  
smokers. ;illen combiiicd ' w i t h  d u s t  l c v e l  d a t a ,  ['ne m e d i c a l  d a t a  show t r e n d s  
coward s m a l l e r  ? r e - s h i f t  pu lmonary  f l o w  i n d i c e s  ( F E V 1 ,  F E F 5 0 % ,  F E F 7 5 z )  
i n  a s c a c i s c i c a i  model based  o n  d u s t  l e v e l s  and  d u r a t i o n  o f  e x p o s u r e  a n d  
s i g n i f i c a n t  d o s c - r e s p o n s e  c u r v e s  f o r  c o t t o n  w o r k e r s '  p e n k  f low and F E F ~ O X .  
P r o b i c  a n a l y s i s  shows a n  i n c r e a s i n g  p r e v a l e n c e  o f  b r o n c h i t i s  i n  n e , / e r - s m o k e r s  
w i t h  i n c r e a s i n g  d u s t  l e v e l ,  and i n c r e a s i n g  p r e v a l e n c e  of  " r e s p i r a t o r y  
d i s o r d e r s "  with i n c r e a s i n g  d u s t - y e a r s .  The l a t t e r  a n a l y s i s  shows t h a t  
b r s n c h i c i s  p r e v a l e n c e  more t h a n  d o u b l e s  when t h e  f a c t o r  o f  d u s t - y e a r s  i s  
20.3. The e n v i r o n m e n t a l  d a t a  i n d i c a t e  c h a t  86% o €  t h e  g e o m e t r i c  mean d u s t  
l e v e l s  f u r  t h e  g i n s  i n  t h i s  c r o s s - s e c t i o n a l  s u r v e y  w e r e  b e l o w  .500 rng/H3. 
T h e r e f o r e ,  g i v e n  c h e s e  e f f e c t s  o f  d u s t  o n  h e a l t h ,  and  t h e  t e c h n i c a l  
f e a s i b i l i t y  \ a E  : I t r a i n i n 2  a g e o m e t r i c  mean l e v e l  o f  . j O O  m g / d ,  NIOSH 
recommends t h a t  a l e v e l  of .500 m g / X  3 g e o m e t r i c  mean be  s e t  a s  a s t a n d a r d  
f o r  t h e  c o t t o n  g i n n i n g  i n d u s t r y .  

RECOEMENIIATIOilS FOR CONTROLLING EXPLOYEE E X P O S U R E  TO COTTON DUST 

A .  C o n c r o l  T e c h n o l o g y  f o r  t h e  ! I o n - T e x t i l e  I n d u s t r y  

The  most e < f e s t i v e  : n ? a i i s  o f  c o n t r o l l i n g  e m p l o y e e  e x p o s u r e s  t o  c o c t o n  d u s c  is 
t o  reduck: t i m i s s i o n s  a t  t h e i r  s o u r c e  t h r o u g h  t h e  u s e  o f  m e c h a n i c a l  n ~ e c h o d s  
:mbi i i+:d w i t h  *work p r a c t i c e s .  NIOSli  c o n t e n d s  t h a t  c5c a c h i e v e m e n t  o f  clle 
reconmc:ided c n v i r o n m c n c a l  l i m i t s  i n  t h e  n o n - t e x t i l e  i n d u s t r y  i s  
c ec  h no 1 or: i c 3 1 1 y f e a s i b I e by u t i 1 i z a t i o n  o f a p p r o p  r i a  t e c o n  t r o  1 t e c I> no 1 og;! . 
;!hilt i c  i s  r e c o g n i z e d  c % a t  d c v c l o p m e n t  a n d  a p p l i c a r . i o n  o f  c o n t r o l  t e c h n o l o g y  
t i2 , ie  i i o t  a d v a i i c c d  t o  chi: s c a ~ e  d c n i o n s c r a c e d  f o r  che  t e x t i l e  i n d u s t r y ,  
n i o d i i i c . i c i u i !  . i i i ( !  3 d : i p t 3 c i o n  or' e x i s t i n g  d u s r .  c o n t r o l  systt::ns s h o u l d  brill;; inost 
o i  : i ! % :  : ! o n - ~ t : : < ~ i l c  cc)c:oi i  v o r k v ! 3 ~ c r .  v i c h i n  chc  propss.:d s t 3 i i l i j r d S .  >.s 
dc:::o!isLraLcd b y  t i ic  d:iCa, c o m p l i a n c e  h a s  a n d  c a n  bc  a c h i e v e d  w i t h o u t  t l l e  [ i ced  
f o r  adva  nc ed  e rig i n c e r  i rig c n n c  ro  1 s . 
I n  p r e v e n t i n g  ~ d v e r s e  h e a l t h  c f f e c K S  f rom e x p o s u r e  t o  raw c o t t o n  d u s t ,  t h e  
p r i m a r y  e n ~ i n r e r i n g  o b j e c t i v e  i s  t o  p r e v e n t  t h e  a i r  f rom becoming  

4 

A 



con : Jn in , l : e l .  T h i s  i s  ~ c c o n p l  is!ic4 a 5  f a r  a s  p o s s i b l e  b:/ impro./ed p r o c e s s  
d e s i g n  ~ r i , !  f.13sibln: e n T i n c c r i n 3  c n n t r o !  n e t h o d s .  C o n t r o l  of  c o t t o n  d u s t  
l e v e l s  r,:!ii::; v r i m , i r i l : /  upon zcncr3l p r i n c i p l e s  of  d u s t  c o n t r o l .  T h e r e  a r e  
L h r e e  ~ ~ ~ e : 3 1  m:th%!s o f  c o n t r o l  t h a c  s h o u l d  ~ l l o i r  mos: n o n - t e x t i l e  w o r k p l a c e s  
t o  m a i n t J i n  ?:<posure l e v . 2 1 ~  be low t h e  recommended l i m i t s .  

( 3 )  V e n t i l a t i o n .  T h e  primar:! method fo r  r e d u c i n g  e x p o s u r e  t o  c o t t o n  
d u s t  i s  i n s t a l l a t i o n  o f  e i t h e r  g e n e r a l  o r  l o c a t i o n  v e n t i l a t i o n  
sys tems.  I n  f a c i l i t i e s  u t i l i z i n g  c e n t r a l  a i r  c o n d i t i o n i n g ,  p r o p e r  
a d j u s t m e n t  o f  t h e  s y s t e m  c o u l d  c o n s t i t u t e  a n  e f f e c t i v e  d u s t  c o n t r o l  
system.. W i c n  t h e  i n s t a l l a t i o n  o f  e f f i c i e n t  s u p p l e m e n t a r y  f i l t r a t i o n  
and a i r - w a s h i n g  b u i l t  i n t o  t h e  s y s t e m ,  a i r  c o n d i t i o n i n g  c a n  become 
a n  i n t e g r a l  p a r t  o f  t h e  c o t t o n  d u s t  c o n t r o l  s t r a t e g y .  

The  c a p t u r e  and r emova l  o f  d u s t  f rom t h e  z i r  a t  i t s  p o i n t  o f  
g e n e r a t i o n  r e p r e s e n t  t h e  most  w i d e s p r e a d  and  e f f i c i e n t  method o f  
d u s t  c o n t r o l  a t  p r e s e n t .  Many t imes,  i n s t a l l i n g  a hood o v e r  a p i e c e  
o f  m a c h i n e r y  d i s c h a r g i n g  d u s  t t h r o u g h o u t  t h e  w o r k p l a c e ,  o r  
s t r a t e g i c a l l y  c o l l e c t i ' n g  t r a s h  b e i n g  d i s c h a r g e d  from o p e r a t i n g  
m a c h i n e r y  may b e  s u f f i c i e n t  t o  r e d u c e  l e v e l s  t o  t h e  same e x t e n t  
p r o v i d e d  by e l a b o r a t e  g e n e r a l  v e n t i l a t i o n  s c h e m e s .  

L o c a l  e x h a u s t  v e n t i l a t i o n  ( L E V )  i s  a c o n t r o l  t e c h n i q u e  e m p l o y i n g  t h e  
f o l l o w i n g  p r i n c i p l e s :  c a p t u r e  o f  t h e  c o n t a m i n a n t  a s  c l o s e l y  a s  
p o s s i b l e  t o  t h e  p o i n t  o f  g e n e r a t i o n ;  a p p l i c a t i o n  o f  s u f f i c i e n t  a i r  
vo lumes  € o r  c a p t u r e  and t r a n s p o r t  u f  t h e  c o n t a m i n a n t ;  and c o l l e c t i o n  
o f  t h e  c o n t a m i n a n t  w i t h  e f f i c i e n t .  f i l t r a t i o n  d e v i c e s .  Q u a n t i t i e s  o f  
a i r  r e q u i r e d  f o r  v e n t i l a t i o n  would n o t  be e x p e c t e d  t o  d e p e n d  on t h e  
c o n c e n t r a t i o n  o f  d u s t  i n  t h e  a i r  b e i n g  r emoved ,  b u t  r a t h e r  on t h e  
dynamic  p r o p e r t i e s  o f  t h e s e  p a r t i c l e s  i n  t h e  a i r .  A f t e i  t h e  d u s t  i s  
c o l l e c t e d  by t h e  a p p r o p r i a t e  c a p t u r e  d e v i c e s ,  i t  i s  t r a n s p o r t e d  t o  
t h e  f i l t e r  m e d i a .  I t  is recommended t h a t  f i n e  d u s t  f i l t e r s  which  
a r e  most e f f i c i e n t  f o r  c a p t u r e  o f  p a r t i c u l a t e  s i z e s  o f  1 5  m i c r o n s  o r  
l e s s  m u s t  be u s e d .  

S e p r e s e n t a t i v e s  of  R e s e a r c h  T r i a n g l e  I n s t i t u t e  and " n e u m a f i l  
C o r p o r a t i o n  h a v e  t e s t i f i e d  ( 3 6 )  t h a t  by  e m p l o y i n g  a d e q u a t e  d u s t  
c a p t u r e  d ? v i c e s ,  s u f f i c i e n t  a i r  v o l u m e s ,  and e f f i c i e n t  s i n g l e - s t a g e  
f i l t r a t i o n ,  d u s t  l e v e l s  i n  t h e  r a n g e  o f  100 Ug/;I3 c a n  g e n e r a l l y  
be a c h i e v e d ;  w i t h  t w o - s t 3 g e  f i l t r a t i o n  ( and  a i r  w a s h i n g ) ,  Y e v e l s  n o t  
e x c e e d i n g  500 Ug/>13 c a n  be  e x p e c t e d ;  i f  e f f i c i e n t  t h i r d - s t a g e  
f i l t r a t i o n  i s  a d d c d ,  workroom d u s t  l e v e l s  w i l l  g e n e r a l l y  n o t  e x c e e d  ' 

200 Ug/?13 f o r  a n  e i C h t - h o u r  t i m e - u e i g h t e d  a v e r a g e .  
a c h i e v e d  b y  t h e  t e x t i l e  i n d u s t r y  i n  r e d u c i n g  d u s t  c o n c e n t r a t i o n s  
t h r u J g h  t h e  a p p r o p r i a t e  u s e  o f  v e n t i l a t i o n  s y s t e m s  s u g g e s t s  s i m i l a r  
r e d u c t i o n s  a r ?  f e a s i b l e  i n  t h e  n o n - t e x t i l e  i n d u s t r i e s  i n  wh ich  
s i m i l a 3 r  d u s t  g e n e r a t i o n  mechanisms a r e  r e c o g n i z 2 d .  

The s u c c e s s  



prov id ing  e n c l o s u r e s  f o r  equipment o r  'complete s e p a r a t i o n  o f  one 
work a r e a  from a n o t h e r ,  
b a l e  p r e s s  a r e s s  and even i s o l a t i o n  or s e p a r a t i o n  o f  f i l t r a t i o n  
systems a r e  recommended a s  a p r a c t i c a l  approach  t o  r educ ing  d u s t  
exposure  l e v e l s  i n  the  workplace.  

T o t a l  i s o l a t i o n  of d u s t y  o p e r a t i o n s  ruch  as 

Recommended m o d i f i c s t i o n  o f  p roduc t ion  equipment c o n s i s t r  of 
des ign ing  autometed feed sys tems,  ru tomat ion  o f  b a l e  . # t r a p p i n g  
sys t ems ,  and c o n v e r t i n g  from manual t o  mechanica l  h a n d l i n g  o f  co t ton  
i n  a l l  p r a c t i c a l  s i t u a t i o n s .  I n  f a c i l i t i e s  where automat ion  h a r  
been u t i l i z e d  t o  a g r e a t  e x t e n t ,  reduced  d u s t  l e v e l a  have  r e s u l t e d .  
( 3 7 )  

( c )  Work p r a c t i c e s .  S i g n i f i c a n t  r e d u c t i o n s  of c o t t o n  d u r t  l e v e l s  cou ld  
be sch ieved  by s imply  moximizinfi t h e  e f f e c t i v e n e r e  o f  t h e  e x i s t i n g  
c o n t r o l  d e v i c e s .  Yain tenance  o f  l o c a l  e x h a u s t  hoo6r ,  ductwork,  d u r t  
c o l l e c t i o n  equipment , and f a n s  in optimum working c o n d i t i o n ;  
programs o f  t o t a l  main tenance ;  and good work p r r c t i c a r  ahould b r  
i n s t i t u t e d  t o  be  e f f i c i e n t  and e f f e c t i v e  i n  r e d u c i n g  r x p o r u r r  l r v e l r .  

A w r i t t e n  program o f  work p r a c t i c e s  t o  i n c l u d e  p rocedures  which W i l l  
minimize c o t t o n  d u s t  exposure  f o r  each  s p e c i f i c , j o b  i r  recommendrd. 

I n s t i t u t e ,  Inc .  i n  deve lop ing  work pract. ices . f o r . ' a p e c i f i c  . .  jobs 
c o n s i s t s  o f  making a d e t a i l e d  a n a l y s i s  o f  the,  raquence,  o f .  a c t i o n s  
p r a c t i c e d  by an  i n d i v i d u a l  worker o r  work t e o m . a t : a  work r t r t i o n , a n d  
deve lop ing  s s p e c i f i c  work p r a c t i c e  ,program from t h i n  i n f o h a t i o n .  

Of ten  by s imply  a l t e r i n g  a r i t u a l  o r  unnecessary.  r o u t i n e  o r  
c o r r e c t i n g  s loppy  p r a c t i c e s ,  a i g n i f i c a n t  r e d u c t i o n s  c a n  b r  r c h f r v r d  
in d u s t  l e v e l s  t o  which employees a r e  exposed. For example,  the 
r i t u a l  u s e  of compressed a i r  c l e a n i n g  i n  "blow down" o p c r r t i o n s  
resu l t s  i n  e l e v a t e d  d u s t  c o n c e n t r a t i o n s  and s h o u l d ,  t h e r e f o r e ,  be 
l i m i t e d  s t r i c t l y  t o  maintenance uses such 8s removal o f  d u s t  and 
l i n t  from machinery.  Thus, common p r a c t i c e s  such a s  c l e a n i n g  o f  
c l o t h e s  o r  f l o o r s  w i t h  compressed a i r  should  be  avo ided .  (Uhen blow 
down o p e r a t i o n s  a r e  n e c e s s a r y ,  NIOSH recommends t h a t  worke ra  
performing t h e s e  o p e r a t i o n s  wear r e s p i r a t o r y  p r o t e c t i o n  and t h o s e  
n o t  involved  i n  t h e  p r o c e s s  l eave  t h e  a r e a . )  

Other  s p e c i f i c  work h a b i t s  should i n c l u d e  t h e  fo.l lowing: 

- a l l  employees should  be i n s t r u c t e d  t o  keep c o t t o n  a s  f a r  away from 

- The p r o t o c o l  u t i l i z e d  by t h e  American Textile, Manufac turers  . 
. 

.' I / :  ' :!. ,',. .. (38 )  , .  

. 

the  f a c e  a s  p o s s i b l e  when f e e d i n g  hoppers ,  c l e a n i n g  equipment ,  or 
g a t h e r i n g  was te  c.otton. Waste p i l e s  should no t  bc g a t h e r e d  up in 
t h e  employee 's  arms. 
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' ~ n i r s s  the;/ a r e  s ; / s c e : n a t i c a i i ; i  a n d  re?*~i ia : i : i  d o n e .  t n e r e f o r e ,  a 
',~:i::e:i p l a n  shou!? jq: ~ d o p c e d  f o r  i 3 p l e g e n : i n g  s u c h  apc:a:ions. 1: 
i s  i n p a r : . i n t  : o  c o n t i n u e  aood work  p r a c : i c e s  o n c e  s i g n i f i c a n t  
r e d u c e i o n s  i n  d u 3 t  le.!els h a a l e  S r e n  achie*!ed so : h a t  !over e x p o 3 u r e s  
: o  co::on du:: a r e  z a i n c a i n e d .  
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. .. 3 .  Spec::rc Cancro !  T e c h n o l o g y  f o r  :he G i n n i n g  ? r o c e s s  

F o l l o w i n g  a r e  e x a m p l e s  o f  s p e c i f i c  c o n t r o l  techno1og: r  v h i c h  s h o u l d  r e s u l t  i n  
z a j o r  r e d u c : i o n s  i n  c o t t o n  d u s t  l e v e l s  i n  a w i d e  r a n g e  of p r o c e s s e s .  
Ezployment  o f  c h i s  t e c h n o l o g ; .  and  c o n t i n u e d  e x p e r i e n c e  i n  a p p l y i n g  g e n e r a l  
c o n t r o l  p r i n c i p l e s  t o  s p e c i f i c  p r o b l e m s  will b r i n g  m o s t  o €  t h e  f n c i l i c i e i  i n  
: h i s  n o n - t e x t i l e  s egmen t  w i t h i n  t h e  l i m i t  of t h e  recommended s t a n d a r d .  

:n a csn:rol  t e c h n o l o g y  asses .qment  oE r a w  cot :on  p r o c e s s i n g  o p e r a t i o n s  
c3neuc :ed  J:/ z n v i r o  C o n t r o l ,  Znc. a n d  s p o n s o r e d  b y  XIOSH (39), i t  w a s  re?or:ed 
:ha: obse:.,ed g i n s  d i d  n o t  u t i l i z e  c o t t o n  d u s t  c o n : r o l s  t o  a l a r g e  d e g r e e .  
Lhe m a j o r  c o n t r o l s  o b s e r v e d  i n c l u d e d  l o c a l  e x h a u s t  v e n t i l a t i o n ,  p r o c e s s  
n o d i f i c a c i o n ,  l i q u i d  o v e r s p r a y  a n d  g i n  d e s i g n .  For t h e  m o s t  p a r t ,  t h e  
a p p l i c a t i o n  o f  these  c o n t r o l  techniques d i d  i n d i c a t e  s i g n i f i c a n t  r e d u c t i o n s .  
For  e x a m p l e ,  t h e  u s e  of  a l o c a l  e x h a u s t  hood  o v e r  a l i n t  s l i d e  r e d u c e d  t h e  
c o t t o n  d u s t  l e v e l  by  68 p e r c e n t  ( 1 2 9 5  ug/U3 t o  413 u g / Y 3 ) .  The  m o s c  
il:a:na:ic o b s e r ' l a t i o n  v a s  t h e  r e d u c t i o n  o f  c o t t o n  d u s t  l e v e l s  t h r o u g h  g i n  
? . ? s i ? n .  . o r  d e s l . x n  n p p r o a c ! ~  inc!udcd i s o l a t i o n  o f  p r o c e s s ,  o r i en :a : ion  o f  
5 u i l d i . ~ ~ ,  e:<h.ius:: a i r  d i s c h a r 3 . 2  s o  3 s  t o  pre . ienc  r e - e n c r a i n m e n c  o l  d u s t  l a d e n  
a i r ,  a n d  a u t o l n a t i o : i  o f  p r o c e s s e s .  

. i l c n o o 3 h  n u c h  of t h e  h a n d i i n g  o f  c o t t o n  i n  man;/ g i n s ,  e s p e c i a l ! ; /  :he m o d e r n  
Q n e s ,  i s  a c c o n p l l s h e d  by  a u t o m a t i c  o r  e n c l o s e d  s : r s : r m s ,  t h e r e  a r e  some g i n s  
~ h * : r r  :hc o p * : r a L i o n s  a r e  7,erfor:n*!d m a n u a i l ; / ;  f o r  e x a m p l e ,  , J h e r e  s eed  c o t c o n  is 
sucked  ou: o f  3 t r a i l e r .  ! c  is r e c o r n e n d e d  : h a t  t h e  ' v o r k e r s  u t i l i z e  a p p r o v e d  
r e s p i r 3 c o r : i  p r o t e c t i o n  i n  soch  situations. 

i n r  ni!ed f o r  a n d  i :nporc;lncc o f  h o u s c k . c e p i n 3  and  maint ; !nance i n  redt ic  i n %  d u s :  
! e s / e i s  i n  z i n s  .ire ;:inph.3si::t?2.1 s i n c e  effective e n g i n e e r i n g  c o n t r o l  r n e a s u r r s  a r e  
3 t n c r a l l : i  n o t  J S  ? r a c : i c a !  o r  f c 3 s i b l e  i n  : h i s  i n d u s t r y  a s  i n  o:hers .  
R e r e f o r e ,  b a s i c  h o u s e k e e p i n g  p r o v i s i o n s  : o  m a i n t a i n  s u r f a c e s  f r e e  a s  
practicable of 3 c c ~ m u l 2 : e d  ~ I I S C  a r e  s:rong!;: :ccornmended. ~ 1 1  xi.,) e n g i n c e r i n q  
equiprncnr  an<! -entilation 5 : i s c c n s  inc ludi i i ; :  pow+.:r s o u r c c . ~ ,  d u c t  u o r k s ,  j o i n t s  
a n d  til:rJcion u i i i : s  s h o u l d  b e  r e g u i a r ! y  i n s p e c : e d ,  c l e a n e d ,  a n d / o r  r e p n i r e ~ i  

. - .  

-. 

- 

-. 
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C. R e s p i r a t o r y  P r o t e c t i o n  

YI'IS? re:omzendr Chat f e a s i b l e  e n g i n e e r i n g  and v o r k  p r a c t i c e  c o n t r o l s  s h o u l d  
b e  US.? a 9  t h e  p r i m a r y  means  o f  r e d u c i n z  employee  e x p o s u r e  t o  c o t t o n  d u s t .  I n  
3itua:ions where  f e a s i b l e  c o n t r o l  m e a s u r e s  and work p r a c t i c e s  a r e  i n s u f f i c i e n t  
t o  r e d u c e  e x p o s u r e  t o  t h e  recommended l i m i t s ,  t h e  c o n t r o l s  s h o u l d  b e  
implemcntcd t o  r e d u c e  e x o o s u r e s  t o  t h e  l o w e s t  a c h i e v a b l e  l e v e l  and  t h e n  b e  
s u p p l c n e n t e d  5 : ~  t h e  use o f  r e s p i r a t o r y  p r o t e c t i o n .  while r e s p i r a t o r s  a r e  n o t  
t h e  p r e f e r r e d  mcans of c o n t r o l l i n g  employee  e x p o s u r e ,  r e s p i r a t o r y  p r o t e c t i o n  
m u s t  be u t i l i z e d  to r e d u c e  e x p o s u r e  d u r i n 3  t h e  time r e q u i r e d  for  i n s t a l l a t i o n  
,2r i m p l e m e n t a t i o n  o f  f e a s i b l e  e n g i n e e r i n g  c o n t r o l s  and work p r a c t i c e s ,  where  
such  m e a s u r e s  h a v e  b e e n  i m p l e n e n t e d  and  t h e  recommended e n v i r o n m e n t a l  l i m i t  
h a s  n o t  been a c h i e v e d ,  and where e n g i n e e r i n g  c o n t r o l s  a r e  i n a p p r o p r i a t e ,  s u c h  
3s d u r i n g  some r e p a i r  and m a i n t e n a n c e  a c t i v i t i e s  o r  n o n - r o u t i n e  work 
? r a c : i c e s .  Bespi :a tory  p r o t e c t i o n  s h o u l d  also be  p r o v i d e d  w h e n e v e r  a n  
emp!oyee r e q u e s t s  J r e s p i r a t o r  t o  p r o v i d e  p r o t e c t i o n  f o r  t h o s e  e m p l o y e e s  who 
a r e  s e n s i t i v e  when exposed  t o  c o n c e n c r a t i o n s  b e l o v  t h e  recommended 
e n v i r o n m e n t a l  l i m i t .  In r e q u i r i n g  r e s p i r a t o r y  p r o t e c t i o n  a s  a s u p p l e m e n t a r y  
mncans o f  r e d u c i n g  e x p o s u r e  l e v e l s  i n  o n l y  l i m i t e d  s i t u a t i o n s ,  the  b u r d e n  o f  
r e d u c i n g  employee  e x p o s u r e  l e v e l s  r e m a i n s  upon t h e  e m p l o y e r  r a t h e r  t h a n  
t h r o u g h  r e l i a n c e  on t h e  v a r i a b i l i t y  o f  human b e h a v i o r  BO c r i t i c a l  t o  t h e  
s u c c e s s f u l  u s e  of r e s p i r a t o r s .  

I n  t h o s e  c i r c u m s t a n c e s  wh ich  n e c e s s i t a t e  t h e  u:e o f  r e s p i r a t o r y  p r o t e c t i o n ,  
t h e  employee  s h o u l d  be  p r o v i d e d  w i t h  a n  a p p r o p r i a t e  r e s p i r a t o r  and  a d e q u a t e  

' t r a i n i n g  i n  i t s  p r o p e r  u s e .  R e s p i r a t o r s  s h o u l d  be  s e l e c t e d  from chose t e s t ed  
and approved  b : ~  : l IOSH/YSHA f o r  p e n u m o c o n i o s i s  a n d  E i b r o s i s - p r o d u c i n g  d u s t s  
u n d e r  30 C F 9  P a r t  I 1  which wil l  a f f o r d  t h e  employee  c h e  p r o p e r  d e g r e e  of 
p r o t e c t i o n .  A number o f  d i f f e r e n t  t y p e s  o f  r e s p i r a t o r s  a r e  a v a i l a b l e  f o r  u se  
i n  p r o t e c t i n g  a g a i n s t  c o t t o n  d u s t s .  These  r a n g e  from a s i n g l e - u s e  t y p e  
r e s p i r a t o r  approved  f o r  u s e  J C  low d u s t  l e v e l s  t o  t h e  f u l l  f a c e p i e c e ,  
a i r - p o w e r e d  b r e a t h i n g  a p p a r a t u s  f o r  p r o t e c t i o n  a g a i n s t  v e r y  h i g h  
c o n c e n t r a t i o n s .  An i n v e s t i g a t i o n  o f  t h e  p e r f o r m a n c e  o f  s i n g l e - u s e  d u s t  masks  
i n  a t e x t i l e  p l a n t  e n v i r a n m e n t  h a s  d e m o n s t r a t e d  c h a t  t h e s e  r e s p i r a t o r s ,  v h e n  
proper1:r u s e d ,  c3n  be  e f f e c t i v e  i n  r e d u c i n g  c o t t o n  d u s t  i n h a l a t i o n .  ( L O )  
Approved s i n g l e - u s e  r e s p i r a t o r s  had f i t t i n g  e f f i c i e n c i e s  r a n g i n g  from 93-99% 
and were r e p o r t e d  to be  g e n e r a l l y  c o n v e n i e n t  Erom the s t a n d p o i n t  o f  b a i n g  
l i g h t w e i g h t ,  s a n i t a r y ,  e c o n o m i c a l ,  o f f e r i n g  low r e s i s t a n c e  t o  b r e a c h i n g ,  
r e q u i r i n g  l i t t l e  m a i n t e n a n c e ,  and r e c e i v i n g  w i d e  a c c e p t a n c e  among w o r k e r s .  

A p p r o p r i a c e  r e s p i . : a c o r s  f o r  u s e  i n  v a r y i n g  d u s t  c o n c e n c r a t i o n s  a r e  d e s c r i b e d  
be low:  

Exposure  n o t  g r e a t e r  t h a n  : 
Requ i red  R e s p i r a t o r :  

( a )  5 t i m e s  t h e  a p p l i c a b l e  l i m i t  1. A n y  d u s t  r e s p i r a t o r ,  

( b )  IO t i m e s  t h e  a p p l i c a b l e  l i m i t  1. Any d u s t  r e s p i r a t o r ,  e x c e p t  
i n c l u d i n g  s i n g l e  u s e .  

s i n g l e  u s e  o r  q u a r t e r m a s k ;  
or 



2 .  

3 .  

( c )  50 t i m e s  t h e  a p p l i c a b l e  l i m i :  1. 

2 .  

3 .  

1. ( d )  g r e a c e r  t h a n  50 t i m e s  t h e  

2. 

3 .  

4. 

my s u p p l i e d  a i r  r e s p i r a t o r ;  
o r  
Any s e l f - c o n t a i n e d  b r e a c h i n g  
a p p a r a t u s .  
H i j h  e f f i c i e n c y  p a r t i c u l a t e  
f i l t e r  r e s p i r a t o r  w i t h  a 
f u l l  f a c e p i e c e ;  o r  
my s u p p l i e d  a i r  r e s p i r a c o r  
w i t h  f u l l - f a c e p i e c e ,  
o r  h o o d ;  o r  
Any s e l f - c o n t a i n e d  b 
a p p a r a t u s  w i t h  
f u l l - f a c e p i e c e  
A powered a i r - p u r i f y  

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

h e l m e t  

e a t h i n a  

ng 

eEEi- - 
c iency  p a r t i c u l a t e  f i l t e r ;  
or 
A s e l f - c o n t a i n e d  b r e a t h i n g  
a p p a r a t u s  w i t h  a f u l l -  
f a c e p i e c e  o p e r a t e d  i n  p r e s -  
sure demand or o t h e r  
p o s i t i v e  p r e s s u r e  mode;  o r  
A t y p e  "C" s u p p l i e d  a i r  
r e s p i r a t o r  o p e r a t e d  i n  p r e s -  
s u r e  mode;  o r  
A c o m b i n a t i o n  r e s p i r a c o r  
t y p e  w h i c h  i n c l u d e s  a t y p e  
C s u p p l i e d - a i r  
r e s p i r a t o r  w i t h  a f u l l -  
€ a c e p i e c e  o p e r a t e d  i n  p r e s -  
s u r e  or c o n t i n u o u s - f l c w  mode 
and a n  a u x i l l a r y  s e l f -  
c o n t  a i  n e  d b r e  a c h i  ng 
a p p a r a t u s  o p e r a t e d  i n  
p r e s s u r e  demand 
o r  o t h e r  p o s i t i v e  p r e s s u r e  
mode. 

T h e  e m p l o y e r  s h o u l d  i n s t i t u t e  and  e n f o r c e  a r e s p i r a t o r y  p r o t e c t i o n  p rogram i n  
a c c o r d a n c e  w i t h  O S H A  S t a n d a r d s ,  P a r t  190 .34 .  I n  a d d i t i o n  t o  s e l e c t i o n ,  
c l e a n i n : ,  and m a i n t e n a n c e  o f  r e s p i r a c o r s ,  a n  e f f e c t i v e  r e s p i r a t o r  p rogram 
s h o u l d  i n c l u d e  a y p r o p r i a c e  o p e L ' ? r l n g  p r o c e d u r e s  and employee  t r a i n i n g  i n  
r e s p i r a t o r  u s e .  Thd employcr m u s t  be  p r o p e r l y  t r a i n e d  t o  wear  t he  r e s p i r a c o r ,  
t o  know why and where t h e  r e s p i r a t o r  i s  n e e d e d ,  and  t o  u n d e r s t a n d  t h e  
l i m i t a t i o n s  o f  t h e  r e s p i r a t o r .  An u n d e r s t a n d i n g  o f  t h e  h a z a r d  i n v o l v e d  i s  
n e c e s s a r y  t o  e n a b l e  employees  t o  t a k e  a p p r o p r i a t e  s t c p s  n e c e s s a r y  f o r  c h e i r  
own p r o t e c t i o n .  



IC s h o u l d  b e  e a p h a s i - e d  Chat r e s p i r a t o r y  p r o t e c t i o n  i s  no  b e c c e r  t h a n  t h e  
p r o p e r  f i r  a n d  u s e  o !  t h e  re5pi :a :or .  y:ec,uenc random i n s p e c t i o n s  s h o u l d  b e  
conduccr.: 51 e i t h e r  t h e  p l a n t  m ~ n ~ g e r ,  s a f e t y  e n g i n e e r ,  i n d u s t r i a l  h y g i e n i s t  
o r  x e d i c a :  p e r s o n n e l .  S i n g l e - u s e  respirators s h o u l d  be r e p l a c e d  d a i l y  by t h e  
e n p l o ; d r r .  I f  ~ n y  e n p l o y c e  f c c l s  [ h a c  h i s  r e s p i r a t o r  d o t 3  noc f i t  o r  s h o u i d  b e  
eitchan;ed, hc s h o u l d  b e  i n s t r u c t e d  t o  c o n t a c t  t he  p r o p e r  a u t h 0 r i : g .  
r e s ) i r a : o r  m a i n r e n a n c e  p rogram s h o u l d  b e  e s t a b l i s h e d  L O  e n s u r e  t h a c  r e s p i r a t o r  
f i l t e r s  a r e  c l e a n e d ,  r e p a i r e d ,  ond r e p l a c e d  a c c o r d i n g  t o  p r a c t i c e s  o u t l i n e d  i n  
m r r i c a n  : ; a c i o n a i  S t a n d a r d  p r a c t i c e s  f o r  R e S p i r J t O r y  P r o t e c t i o n ,  288-2. ( & I )  

A p p r o p r i a t e  s e c t i o n s  from t h e  XIOSH Technical R e p o r t :  A G u i d e  t o  Industrial 
Rt2Spiratory ? r o t e c t i o n s  a r e  i n c l u d c d  i n  che Append ix  co p r o v i d e  more C o m p l e t e  
i n f o r m a r i o n  c o n c e r n i n g  the  p r o p e r  s e l e c c i o n  and  u s e  o f  r e s p i r a t o r s ,  t r a i n i n g  
and f i t t i n g  g u i d e l i n e s ,  r e s p i r a c o r  c l e a n i n g  and  m a i n t e n a n c e  and  p r o g r a m  
admin1sc ra : ion .  

D.  Employec E d u c a t i o n  and T r a i n i n g  

A t r a i n i n g  p rogram f o r  a l l  e m p l o y e e s  e x p o s e d  t o  c o t t o n  d u s t  i e  v i e u e d  a s  
e s s e n t i a l  f o r  t h e  p r o c e c c i o n  of e m p l o y e e s  a n d  i s  s t r o n g l y  recommended. 
Employees c a n  d o  much t o  p r o t e c t  t h e m r e l ' v e s  if t h e y  a r e  made a u a r e  o f  t h e  
h a z a r d s  i n  t h e  w o r k p l a c e .  The t r a i n i n g  s h o u l d  i n c l u d e  i n f o n a t i o n  o n  
implemen ted  d u s t  c o n c r o l  m e a s u r e s ,  work  p r a c c i c e s ,  r e s p i r a t o r s ,  m e d i c a l  
s u r v e i l l a n c e ,  and t h e  m e d i c a l  symptoms o f  r e s p i r a t o r y  d i s e a d e ,  e e p e c i a l L y  
t h o s e  most d i r e c t l y  r e l a c e d  t o  b y s s i n o s i s  s u c h  a s  c h e s t  t i g h t n e s s ,  f r e q u e n c y  
o f  symptoms and p r o g s e s s .  

The p o s t i n g  o f  w a r n i n g  s i p s  i n  r e a d i l y  v i s i b l e  l o c a c i o n s  i s  recommended i n  
any  w o r k ' a r e a  where  t h e r e  i s  p o t e n t i a l  e x p o s u r e  t o  c o c c o n  d u s t .  An e m p l o y e e  
whose w o r k f o r c e  c m s i s t s  o f  a s i g n i f i c a n t  p e r c e n t a g e  o f  S p a n i s h - s p e a k i n g  
e m p l o y e e s  who c a n n o t  communica te  i n  E n ? l i s h  s h o u l d  p r o v i d e  b i l i n g u a l  v e r s i o n s  
of t h e  t r a i n i n g  p rogram and p o s t e d  w a r b l i n g  s i g n s .  

E.  Summary of  Recommendat ions  f o r  C o n t r o l l i n g  E x p o s u r e  

R e d u c t i o n  o f  uor%-.r e x p o s u r e  t o  d u s t  which  r e s u l t s  from the  p r o c e s s i n g  o f  
c o t t o n  c a n  b e s t  be a c h i e v e d  by t h e  e l i m i n a t i o n  o f  t h i s  d u s t  t h r o u g h  improved  
e n g i n e e r i n g  c o n c r u l s  -and work m e t h o d s .  'With m i n o r  e x c e p t i o n ,  a c h i e v e m e n t  o f  
e f f e c t i v e  c o n t r o l  o f  c o t t o n  d u s t  e x p o s u r e  s h o u l d  b e  b a s e d  on a s y s t e m  a p p r o a c h  
r a t h e r  t h a n  J s i n g l e  p r o c e s s  c o n t r o l .  

C o n t r o l  t o  w i t h i n  t h e  recommended e n v i r o n r . i e n t a l  limits s h o u l d  b e  a c h i e v a b l e  
wich  a p p l i c a t i o n  and u s e  o f  e x i s t i n g  c o n t r o l  t z c h n i q u e s .  E f f o r t s  s h o u l d  be  
made t o  e n c l o s e  p r o c e s s e s  and t o  u s e  t h e  p r o c e s s  a i r  t o  c r e a t e  a n e g a t i v e  
p r e s s u r e  w i t h i n  t h e  z q u i p m e n t  w h e r e v e r  p o s s i b l e .  O p e n  c o n v e y o r s  and  m a c e r i a l  
t r a n s f e r  p o i n t s  s h o u l d  be e n c l o s e d  and e x h a u s t  v e n c i l a c e d .  A l l  e x h a u s t  s y s t e m  
and a i r  c l e a n e r  d i s c b a r g e  p o i n t s  s h o u l d  b e  l o c a t e d  downwind a n d  w e l l - d i s t a n c e d  
from b u i l d i n g  makeup a i r  i n l e t s ,  t o  p r e v e n t  r e - e n t r a i n m e n t  o f  d u s t  l a d e n  a i r .  
Open p r o c e s s e s  s u c h  J S  s h a k e r s  and s p e c i f i c  d u s t  g e n e r a t i o n  p o i n t s  s h o u l d  b e  
hooded o r  i s o l a t e d  t o  p r e v e n t  c o n t a m i n a t i o n  o f  o t h e r  a r e a s .  

A 



.-, 

The p o t e n t i a l  f o r  s u c c e s s f u l  d u s t  c o n t r o l  i n  t h e  n o n - t e x t i l e  s e g m e n t s  i s  
stron;!;; s u ~ i e s t e d  by t h e  s u c c e s s  a c h i e v e d  by t h e  t e x t i l e  i n d u s t r i e s .  Y h i l e  
t h e r e  J:C sane 5 a s i c  d i f f e r e n c e s  i n  t h e  o p e r a t i o n s ,  t h e  o v e r a l l  p r o c e s s  
con i igu :a : ion  ~ n d  dust g e n e r a : i o n  mechan i sms  a r e  s u f f i c i e n t l y  s i m i l a r  L O  a l l O u  
t r a n s f e r  o f  :he c o n t r o l  t e c h n o l o g y .  

? n  :hose 1 i n i : e d  s i t u a t i o n s  v h e r e  t h e  i n ; l e m e n t a t i o n  o f  e n g i n e e r i n g  c o n t r o l s  
i s  no t  f e a s i b l e  o r  a d e q u a t e  i n  r e d u c i n a  d u s t  l e v e l s  t o  b e l o u  t h e  recommended 
e n v i r o n n e n ' a l  l i m i t ,  v o r k  p r a c t i c e  c t a n d a r d s  and  r e s p i r a t o r y  p r o t e c t i o n  
m e a s u r e s  a c e  n e c e s s a r y .  

V o l u n t a r y  c o m p l i a n c e  by t h e  e m p l o y e r  t o  r e d u c e  v o r k e r  e x p o s u r e  t o  c o t t o n  d u s t  
is s t r o n g l y  e n c o u r a g e d .  I t  i s  s u a g e s c e d  t h a t  a v r i t t e n  s a f e t y  and  h e a l t h  
p o l i c y  be d e v c l o p e d  by e a c h  o r g a n i z a t i o n  and  :hac t h e r e  i s  a m a n a g e r i a l  
r e s p o n s i b i l i : y  and a c c o u n : a S i l i t y  o f  t h e  p o l i c y .  

REC0~:IE:iDliTIOIiS FOR Y E O I C A L  SLIR'IE ILLKICE 

I n  c o n j u n c t i o n  v i c h  :he e n v i r o n m e n t a l  s t a n d a r d  a n d  ; o n c r o l s ,  NIOSH recommends 
a c o m p r e h e n s i v e  m e d i c a l  s u r v e i l l a n c e  p r o g r a m  t o  d e t e c t  a s  e a r l y  a s  p o s s i b l e  
t h e  d e v e l o p m e n t  o f  symptoms a n d / o r  r e s p i r a t o r y  i m p a i r m e n t .  The p r o & r a m  s h o u l d  
p r o v i d e  t h e  f o l l o v i n g  e l e m e n t s :  

(1) Adequa te  d a t a  b a s e  
( 2 )  Adequa te  f o l l o w - u p  
( 3 )  S t a n d a r d  p r o c e d u r e s  and i n s t r u m e n t a t i o n  
( b )  S t a n d a r d  i n c e r p r e c a t i o n  of  r e s u l c s  
( 5 )  A p p r o p r i a t e  u s e  o f  r e s u l t s  

An a d e q u a t e  d a t a  b a s e  c a n  b e  p r o v i d e d  o n l y  i f  cotton g i n  u o r k e r s  a r e  e x a m i n e d  
p r i o r  t o  e x p o s u r e  t o  g i n  d u s t s .  T h i s  e x a m i n a c i o n  s h o u l d  o c c u r  o n  t h e  f i r s t  
day  o f  employment d u r i n g  a g i n  s e a s o n ,  a n d  s h o u l d  i n c l u d e  pre-  a n d  p o s t - s h i f t  
s p i r o m e t r y  and s t a n d a r d i z e d  q u e s t i o n n a i r e s .  
q u e s t i o n n a i r e  and s p i r o m e t r y  d e v i c e s  and t h e  t r a i n i l i g  oE t e c h n i c i a n s  i n  t h e  
u s e  of  t h e  q u e s t i o n n a i r e s  and  s p i r o m e t r y  d e v i c e s  a r e  d e c n i l e d  i n  t h e  OSHA 
c o t t o n  d u s t  r e g u l a t i o n s  (CFR, J u n e  21, 1978) and  a re  noc r e p e a t e d  h e r e .  

The  p r e s e n t  s t u d y  i n d i c a t e s  t h a t  symptoms ( b r o n c h i t i s )  and  s i g n s  o f  p u l m o n a r f  
impa i rmen t  ( d c c r e a s e d  €low) d e v e l o p  a f t e r  l o n g - t e r m  e x p o s u r e  t o  c o t c o n . g i n  
d u s t .  I t  v o u l d  be i n  t h e  i n t e r e s t  o f  vorkers '  h e a l t h  t o  d e t e c t  a s  e a r l y  a s  
p o s s i b l e  w h e n  c h e s e  l o n g - t e r m  e f f e c t s  a r e  f i r s t  n o t i c a b l e .  I C  would a l s o  b e  
i n  t h e  b e s t  i n t e r e s t  o f  b o t h  w o r k e r s  and i n d u s c r y  LO knou w h c t h c r  e f f e c t s  o f  
e x p o s u r e  o v e r  a g i n n i n g  s e a s o n  l i n g e r  o n  i n t o  t h e  n e x t  s e a s o n ,  o r  whcchc r  
t h e r e  i s  r e c o v e r y  of  symptoms and  pu lmonary  f u n c t i o n  b e t v e c n  s e a s o n s .  T h u s ,  
XIOSH recommends c h a t  m c d i c a l  t e s t i n g  be r e p e a t e d  t w i c e  d u r i n g  a g i n  s e a s o n :  

( 1 )  

The s p e c i f i c a t i o n s  f o r  t h e  

One r e p e a t  t e s t  s h o u l d  b e  g i v e r ,  a b o u t  4 weeks  i n t o  t h e  g i n  s e a s o n ,  
c o n s i s t i n g  o f  p r e -  and p o s t - s h i f t  s p i r o m e t r y  and  q u c s c i o n n a i r e .  Thc 
q u e s t i o n n a i r e  c o u l d  be l i m i t e d  t o  q u e s t i o n s  d e a l i n g  v i t h  c o u g h ,  
phlcgin,  c h e s c  c i g h c n e s s  and d y s p n e a ,  and c h a n g e s  ( i f  a n y )  i n  smoking  
h a b i  t s .  

4 2  
~ 



( 2 )  A n o t h e r  r e p e a t  t e s t  s h i r u l d  b e  g i v e n  a t  t h e  e n d  O f  t h e  g i n n i n g  s e a s o n ,  
v i :h  t h e  same spiromcc:y and q u e s : i o n n a i r e .  

! i i O S i i  recirtt.:nr?n*ls t h a t  s u c h  a pr0pTrl.n v i 1 1  n o t  o n l y  p r o t e c t  i n d i v i d u a l  g i n  
v o r i e r s '  n ? : J i : h , .  b u t  p r o v i d e  o n - Z o i n g  p r o s p e c t i v e  i n f o r m a t i o n  on h e a l t h  
e i f r c r s  o f  e x p o s u r e  t o  c o t t o n  g i n  d u s t .  T h i s  p r o g r ~ m  s h o u l d  be  v i ewed  a s  a n  
a c t i v e  s u r u e i i l a n c e  mechanism.  T h e r e f o r e ,  a l l  d a t a  s h o u l d  be  a c t i v e l y  and  
r o u t i n e l y  s u b n i t t e d  t o  OW+. and !JIOSH, slho s h o u l d  e n g a g e  i n  p r o s p e c t i v e  
s t u d i e s  o f  t h e s e  d a t a .  Through t h i s  mechan i sm,  e x p o s u r e  s t a n d a r d s  c a n  b e  
p d  r iod i c 3  11y r e - a s s e s s e d .  

Al though f i n a l  i n t e r p r e t a t i o n  o f  m e d i c a l  d a t a  l i e s  w i t h  t h e  c l i n i c a l  j u d g m e n t  
of  t h e  e x a m i n i n 2  p h y s i c i a n ,  j udgmen t  i s  a i d e d  by u s e  o f  a p p r o p r i a t e  
r e f e r e n c e s .  For pulmonary  f u n c t i o n  t e s t s ,  t h e  b e s t  reference ' t o  d a t e  i s  c h e  
p o ? u l a c i o n  s t u d y  o f  Knudson,  e t  a l .  ( 6 2 1 ,  whose p r e d i c t i o n  v a l u e s  f o r  F E V l  
a r e  w i d e l y  u s e d  and have b e e n  i n c o r p o r a t e d  i n t o  t h e  OSHA c o t t o n  d u s t  
s t a n d a r d .  T h e r e  a r e  p r o b l e m s  v i t h  t h e  a p p l i c a b i l i t y  o f  these  p r e d i c t i o n  
v a l u e s  t o  the  c o t t o n  i n d u s t r y  s ince  they a re  d e r i v e d  f r o m  a w h i t e  p o p u l a t i o n  
i n  Tucson ,  v h e r e a s  t h e r e  a r e  many b l a c k s  a n d  H i s p a n i c s  i n  the  c o t t o n  g i n n i n g  
i n d u s t r y .  T h e i r  p o p u l a c  on a l s o  i n c l u d e s  p e r s o n s  who a r e  not w o r k i n g ,  w h e r e a s  
by d e f i n i t i o n ,  c o t t o n  g i ; .  w o r k e r s  a r e  " h e a l t h y "  enough  t o  b e  e m p l o y e d .  T h i s  
p r e s e n t  i4IOSH s t u d y  u s e d  a s  a c o m p a r i s o n  g r o u p  a " b l u e  c o l l a r "  v o r k i n g  
p o p u l a t i o n ,  c o n s i s t i n g  o f  a m i x t u r e  of w h i t e s ,  b l a c k s  and  H i s p a n i c ;  fr-om 
a c r o s s  t h e  c o t t o n  b e l t .  NIOSH i n t e n d s  t o  s u b m i t  t h e  a n a l y s i s  of t h e s e  d a t a  
f o r  s c i e n t i f i c  r ev iew.  I f  t h e  d a t a  a r e  g e n e r a l l y  deemed a p p r o p r i a t e ,  i n  t h e  
f u t u r e  these may be u s e d  a s  t h e  s t a n d a r d  r e f e r e n c e  p o p u l a t i o n  t o  w h i c h  c o t t o n  
g i n  w o r k e r s  a r e  compared .  
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T a b l e  12 .  Demographic c h a r a c c c r i s c i c s  o f  workers. 

Coccon g i n  Comparison P l a n t  
v o r k e r s  v o r k e r s  

I1 p e r c e n t  n p e r c c n c  

S d X  

Female 
3 n l e  
Unknown 

Toca l  

2 6  7 106 10 
3 4 3  9 3  917  90 

1 0 0 0 

3 i 5  1OG 1023  100 

American 
I n d i a n  1 0 

Asian*  0 0 
Black  la 8 2 9  
t i i s p a n i c  164 4 4  
i l h i c e  101 2 7  
Ocher 0 0 
Unknovn I 0 

T o t a l  375  100 

11 1 
11 1 

455 65 
2 2 1  2 2  
3 20 31 

2 0 
3 0 

1023  100 

.*includes P a c i f i c  I s l a n d e r s  



T a b l e  13.  Smoking c h a r a c t e r i s t i c s  o f  v o r k e r a .  

r4ever smokers  Ex-smokers ? r e s e n t  Smokers T o t J 1  

C o t c o n  g i n  
u o r k c r s  

:;unbr r 
T e r c e n t a g e  
?ack  y e a r s  

(mean)  

Comparison p l a n t  
Workers 

::umber 
P e r c e n t a g e  
Pock y e a r s  

(mean) 

128 L a  199  375  
3L 13 5 3  100 

0 18 1 7  - 

L26 
4 2  
0 

122 
12 
18 

6 7 5  
4 6  
14 

T e t l e  1 4 .  Age and h e i g h t  c h a r a c t e r i s t i c s  of w o r k e r s .  

C o t t o n  ciii Comparison p l a n t  
j lorker  s ‘Jorkers 

n e a n  
m e d i a n  
r a n g e  
S.D. 

m e o n  
median 
r a n g e  
S.D. 

3 L  

16 t o  79 
1 5  

2 a  

1 7 1  
170 

1 5 1  to 2 0 3  
a 

3 3  
30 . 

14 t o  17 
12 

1 7 3  
173  

1 3 5  t o  201 
9 

1023 
100 - 



2 e s c  
Lovcr  

Southwes t  
South  Central 
S o u t h e a s c  
Upper 

Sou t h u e  I L 

f o c a l  U.S. 

T a b l e  1 5 .  Geographic c h a r a c : e r i s t i c r  o! workers. 

C o t t o n  Gin Comparison P l a n t  
w o r k e r s  workerr  

n p e r c e n t  n p e r c e n t  

L9 13 101 10 

42 11 9 6  9 
1 2 2  3 3  3 7 4  3 6  

79 2 1  270 2 6  

a 3  2 :  182 18 

3 7 5  100 1023 100 



Table 1 6 .  Matched-pair n n n l y s i s  o f  dyspneo,  b r o n c h i t i s  apd cough. 

Cotton G i n  
vorker  

prevalence  
(per  100) 

dyspneo 

never 
Smokers a 

present  
smokers 4 

b r o n c h i t i s  
never  

smokers 16 

present  
smokers 21 

cough 
never 

smokers .IO 

present  
smokers 10 
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Comparison Plant  Sig.  ' 

worker 

(per  100) 
preva lence  

0 N.S. 

f 
4 $ N.S. 

3 p 0.01 

17 N.S. 

4 N.S. ' 

4 .  N.S. 



- _ . _ _ . I  _ _ _ _ / , . ,  

T a b l e  1;. H a t c h e d - p a i r  a n a l y s i s  of  a n y  c a t e g o r y  of “ r e s p i r a t o r y  d i s o r d e r s  
a r i s i n g  f rom e x p o s u r e  t o  t e x t i l e  v e n e t o b l e  d u s t s . ”  

C o t t o n  Gin 
w o r k e r s  

p r e v a l e n c e  
( p e r  100) 

E x  -smokers  2 7  

Never  
smokers  2 2  

? r e s e n t  
smoker s  2 5  

Compar i son  P l a n t  
w o r k e r s  

p r e v a l e n c e  
( p e r  100) 

20 

5 

2 2  

Sig. 

N.S. 

p <.01 

N . S .  

S o u r c e :  WHO R e p o r t  OCH/81.1 

T a b l c  18. M a t c h e d - p a i r  a n a l y s i s  o f  b y s s i n o s i s  p r e v a l e m e  
( S c h i l l i n g  d e f i n i t i o n ) .  

C o t t o n  Gin  
w o r k e r  

n p r e v a l e n c e  
( p e r  100) 

Compar i son  P l a n t  Sig. 
w o r k e r  

n p r e v a l e n c e  
( p e r  100) 

E x  -smokers 1 5  0 15 7 N . S .  

Xever 
smokers  67 1 

P r e s e n t  
smokers  111 2 

Total 193 2 

6 7  0 N . S .  

111 0 N.S. 

193 1 N . S .  
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P r e v 3 l e n c c  o f  

F E V  1 d e c r e m e n t  3* 
( p e r  100)  

c 1 i n i c a l  l y  s i z n i  f i c a n t  
Hean 

o v e r - s h  i f r  dccremrin t  

n Z i n  c o m p a r i s o n  8 i n  c om pa r i son 
( p a i r s !  u o r k e r s  vo  rke r s  S i n .  v o r k e r s  v o r k e r s  S i g .  

Ex-smokers  17 6 6 N . S .  -.OB7 -.061 N.S. 
! lever  

Smokers  7 1  3 0 N . S .  -.OS8 -.030 N.S. 
P r e s e n t  

Smokers 98 7 5 N.S. -.019 0 . 0 7 h  N . S .  

P r e - s h i f t  F F V l  Sta :us  

P r e v e l e n c e  o f  
obnormel  F E V 1 * *  

( p e r  100) 

Mean F E V 1  

n g i n  c o m p a r i s o n  g i n  compo r i son 
( p e i r s )  v o r k e r s  vo  r k e r  s S i n .  workers v o r k e r s  Si4 . 

Ex-smokers 17 2L 0 N.S. 3 . 6 3  L . 1 7  p' .n l  

smoker s  7 1  11 7 N . S .  3.9s 3.97 N . S .  
Ncver 

P r e s e n t  
smokers  q a  18 S p C . 0 1  3 . 7 L  3.96 p < . n s  

" P o s t - s h i f t  FEVl less chon 00:: of  p r e - s h i f t  F E V l  
' . k*Presh i f t  FEVl  l e s s  t h a n  gni: o f  p red ic : ed  v a l u e  

Note: See  T a b l e  9 f o r  m a t c h e d - p a i r  a n a l y s i s  d e s c r i p t i o n s  



20. 

15- 

10- 

+ 5- 

P- 

:n 
, -.. e -. 

10- 

I5- 

207 

S i g n i f i c a n c c  of  S l o p c  
n .  s.. 
n . s .  
.03 
n . s .  
.04 

C 
__ '1 

-P Of.[ I '  - - 

-5- *f 
e 

- 

I I I I 1 I 
I I 1- 

'Perccnc s h i f :  cliangc cxprcsscd as :  
Jpos t - shi f t va l u c  - - p r c  - 511 i f: vn 1 uc) ( i 00) 

r 
h c l i  v:ilue i s  d j t i s t c d  f o r  agc ,  I i c i p h t ,  w i g l i t ,  r a c c ,  p i a : l t ,  pcni-ycars, 
smokiiig s t ; i t t i s ,  and s c x .  

prc - sh i f t  v a l u c  





Table  2 0 .  Model oE prcrlict .ed p r c - s h i r t  pulmonary [ u n c t i o n s  ( i n  l i t e r s )  
r e l a t e d  t o  c l u t r i j t c d  c o t t o n  d u s t  l c * J e l z  and months i n  c o t t o n  
q i n  work. 

Pulmonn cy Months i n  E l u t r i a t o r  D u s t  Levels  (niy/l13) 
Fu nc t ion Co t ton  Work ,005 . 5 2 7  1 . 3 9 1  

0 3 . 6 0  3 . 6 2  3 . 6 6  
FEV. 21.5 3 6 0  3 60 2.61 

6 3 . 3  3 . 5 8  3 . 3 3  3 . 3 1  

0 4 . 4 8  4 . 4 9  4 5 2  
FVC' 2 1 . 5  4 . 4 4  4 . 4 7  4.53 

6 3 . 3  4 . 3 7  4 . 4 4  4 5 6  

0 4 . 8 0  4 . 8 3  4 . 8 8  

6 3 . 3  4 . 9 8  4 . 8 3  . 4 5 9  
FEFSOZ 21.5 4 8 6  4 . 8 3  4 7 8  

0 1 . 7 7  1.91 L . 8 6  
F W 5 $  2 1 . 5  1 . 8 i  1 7 8  i .  7 3  

6 3 . 3  1 . 8 9  1.73 1 . 4 8  

* P u l m o n a r y  f u n c t i o n  v a l u e s  were o b t a i n e d  by using t h e  a p p r o p r i a t e  
va lues  o f  months i n  coc ton  w o r k  and e l u : r i a t o r  c i u s t  l e v e l s  i n  t h e  
Eol loving mocel .Eoc c o t t o n  5:n workers: 

monclis i n  
c o t t o n  work Prcdicred  P rc - s l i i f c  Pulnioi13ry Fuiiction = a + b 

nonths i n  
d (co t ton  work) (1::;;) + 

(terms f o r  a g e ,  h e i g h t ,  wciglit, 
r n c c ,  p l a n t  packyca i*s ,  
sniokiiig status mid scx )  



.. . 
. .  7 - 5  

1 1  
. - .  

T a b l e  21. B r o n c h i t i s  arid cough  p r e v a l e n c e s  by c a t e g o r i e s  o f  a c u t e  c o t t o n  
d u s t  e x p o s u r e - - p r o b i t  a n a l y s i s .  

Never  Smokers  C u r i e n t  Smokers  

E t u t r i a c o r  E l u t r a t o r  
Du s t'A % B r o n c h i t i s  :lumber ' D u s t *  % B r o n c h i t i s  Number 

. 1 0  

. 2 2  . Iro 

.82  

1 5 . 0  20 .06 20 .0  20 
15 .0  2 0  . 1 2  30.0 20 
15.0 2 1  .17 5 5 . 0  20 
2 1 . 1  19  . 2 1  25.0  20 

. 3 a  20.0 20 

. 5 3  5.0 20 
1 . 4 8  2 2 . a  2 1  

X e v e r  Smokers  C u r r e n :  Smokers  

E l u t r i a t o r  E l u t r i a t o r  
Dust* % Cough Number Dus e*  % cougn Number 

. l o  2 1 . 1  20 .06 25.0 20 

. 2 2  15.0 20 . 1 2  25.0 20 

.40 4 . 6  2 1  .17 4 5 . 0  20 

.a2 10.5 19 . 2 1  25.@ . 2 0  
e 3 0  30.0 20 
.53 2 0 . 0  20 

1 .40  33.3 2 1  
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Table 2 2  

Du s t -Ye a r s 

. 3 0 2  

20.304 
i.5a3 

Prevaience of: 
t o  textile vezetable dusts" a g a i n s t  cumulative c o t t o n  du s t  

"respiratory d i s o r d e r  arising from expos u r e  
- 

exposure i n d i c c s - - p r o b i c  analysis. 

Never Smokers Present Smokers 

. N u m b e r  Dus t -Yea r s  z - z - 
15.4 26 .143 9.1 
19.2 26 . 4 9 2  45.5 
34.6 26 1.220 22.7 

2.400 22.7 
4.644 27.3 
15.770 26.9 

N u m b e r  

2 2  
2 2  
2 2  
2 2  
2 2  
26 

N o t e  : Cumulative lifetime cotton dust exposure is 
expressed a s :  years-mg/Y3 and equals years i n  a n y  
cot'ton g i n  j o b  times (the TJA o n  clie d a y  of m e d i c a l  
study, 
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GLOSSARY 

~ n a l o g  

m d e r s e n  s a m p l e r  

B a l e  p r e s s  

Bro nc h i  c i s  

Bys  s i n o  s i s 

Ch r o n i c  b r o n c h i  t i s  

C o t t o n  

(Cossyp ium h i r s u c u n )  one  of  two common t y p c a  
of c o t c o n  g r o w  i n  t h e  United S t n ’ . e s ;  i t  h a s  
a s t a p l c  l c n g c h  o f  7 1 8  t o  1 i / L  i n c h e s .  
&ner i ca r i  T ina  ( C o s s y p i u n  b a r b a d e n s e )  i l i t h  a 
s t J p l e  l c n g t h  o f  1 3 / 8  E O  i 9 / 1 5  i n c h e s  i s  
c h c  o t h c r  t y p e ,  a s  i s  grown p r i m a r i i y  i n  chc. 
E l  T a s o  a r e a  of T e x a s ,  l e u  Y e x i c o  a n d  A r i z o n a  

t h e  r e c o r d i n g  a c o n t i n u o u s  v a l u e s  of a 
p a r a m e t e r ,  o p p o s e d  t o  d i g i t a l  t h e  r e c o r d i n g  
o f  d e s c r e t e  v a l u e s  o f  a p a r a m e t e r  

an  a m b i e n t  c a s c a d e  i m p a c t o r  u s e d  t o  c o l l e c t  
and a e r o d y n a m i c a l l y  s i z e  a i r b o r n e  p a r t i c u l a t e  
m a t t e r  

t h e  m a c h i n e  u s e d  t o  c o m p r e s s  g i n n e d  raw l i n t  
i n t o  b a l e s  a t  t h e  g i n ,  l i n t e r s  a t  t h e  
c o t t o n s e e d  o i l  m i l l  and  p r o c e s s e d  c o t t o n  
w a s t e  a t  the w a s t e  u t i l i z a t i o n  p l a n t  

i n  t h i s  p a r t i c u l a r  s t u d y ,  b r o n c h i t i s  r e f e r s  
t.o t h e  p r o d u c t i o n  of phlegm o n  m o s t  d a y s  of  
t h e  week f o r  a t  l e a s t  3 m o n t h s  i n  o n e  y e a r  ’ 

f r o m  t h e  C r e e k  “ b y s s u s “  m e a n i n g  E ine  c l o t h ,  ’ 

t h e  characteristic r e s p i r a t o r y  d i s e a s e  o €  
o p e r a t i v e s  i n  c o t t o n ,  f l a x ,  soEt hemp and  
p o s s i b l y  s i s a l ,  c o i r  and  kapok  i n d u s t r i e s ;  
p e r i o d i c  c h e s t  t i g h t n e s s ,  d y s p n e a  and  c o u g h ,  
p r o g r e s s i n g  t o  a c h r o n i c  c o n d i t i o n ,  r e l a t e d  
t o  e x p o s u r e  co d u s t  i n  t h e s e  i n d u s t r i e s  a r e  
t h e  symptoms o f  t h e  d i s e a s e  

a d i s e a s e  c h a r a c t e r i z e d  by t h e  p r o d u c t i o n  o f  
phlegm o n  m o s t  d a y s  f o r  a t  l e a s t  3 mon ths  i n  
a y e a r  a n d  f o r  a t  1::ast two y e a r s  

che  common name of  t h e  P l A n c  s p e c i e s  
b e l o n g i n g  t o  t h e  b o c d i i c a l  g e n u s  Cossyp ium 



Cot:on d u 5 t  

D i g i t a l  

Dinky p r e s s  

FVC 

' c o t t o n  d u s t  i s  a h e t c r o g c n e o u s  p a r t i c u l a t e  
c o n s i s t i n g  p r i m a r i l y  o f  V e ~ c c a b l e ,  
m i c r o b i J 1  and S o i l  m a c c r i a l s .  B r a c t  
p a r t i c l e s  and  g r a m  n r g a : i v c  b a c t e r i a  a r e  
major c o m p o n e n t s  of r e s p i r a b l e  c o t t o n  
d u s t s .  For c o m p l i e n c e  p u r p o s e s  OSHA h a s  
d e f i n e d  c o t t o n  d u s t  as  " d u s t  p r e s e n t  i n  che  
a i c  during t h e  h a n d l i n g  o r  p r o c e s s i n g  o f  
c o t t o n ,  wh ich  may c o n t a i n  i~ m i x c u r e  o f  many 
s u b s t a n c e s  i n c l u d i n g  g r o u n d  u p  p l a n t  
m a t t e r ,  f i b e r ,  b a c c e r i a ,  f u n g i ,  s o i l ,  
p e s t i c i d e s ,  n o n - c o c t o n  p l a n t  m a c t e r ,  and  
o t h e r  c o n t a m i n a n t s  w h i c h  may have 
a c c u m u l a t e d  w i t h  t he  c o t t o n  d u r i n g  t h e  
g r o w i n g ,  h a r v e s t i n g  and s u b s e q u e n t  
p r o c e s s i n g  o r  s t o r a g e  p e r i o d s .  Any d u s t  
p r e s e n t  d u r i n g  t h e  h a n d l i n g  a n d  p r o c e s s i n g  
o f  c o t t o n  t h r o u g h  c h e  w e a v i n g  o r  k n i t t i n g  
o f  f a b r i c s ,  and  d u s t  p r e s e n t  i n  o t h e r  
o p e r a t i o n s  o r  m a n u f a c t u r i n g  p r o c e s s e s  u s i n g  
new o r  waste c o t t o n  f i b e r s  o r  c o t t o n  F i b e r  
b y - p r o d u c t s  f rom t e x t i l e  mil ls  a r e  
c o n s i d e r e d  c o t t o n  d u s t . "  (CFK 43 ,  2 7 3 9 5 ,  
J u n e  23, 1 9 7 8 )  

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

a s m a l l  p r e s s  u s e d  a t  a c o t t o n  c o m p r e s s  
f a c i l i t y  f o r  s q u e e z i n g  t h e  b a l e  t o g a t h e r  t o  
p e r m i t  r e m o v a l  o f  s t r a p p i n g  t i e s  

d u s t  m e a s u r e d  by the  m a c h i n e  known a s  J 

v e r t i c a l  e l u t r i a  t o r  

t h e  f o r c e d  e x p i r a t o r y  f l o w  a t  50% o f  t h e  
f o r c e d  v i t a l  c a p a c i t y  

t h e  f o r c e d  e x p i r a t o r y  f l o w  J C  75% o f  t h e  
e o r c e d  v i t a l  c a p a c i t y  

t h e  f o r c e d  e x p i r a t o r y  v o l u m e ;  i . e . ,  t h e  
amount  o f  a i r  e x h a l e d  f rom t h e  l u n g  d u r i n g  
t h e  f i r s t  s e c o n d  of a f o r c e d  e x p i r a t o r y  
maneuver  

f o r c e d  v i t a l  c a p a c i t y  t h e  t o t a l  amount  o f  
a i r  w h i c h  c a n  be e x h a l e d  f r o m  t h e  l u n g s  i n ,  
a f o r c e d  e x p i r a t o r y  maneuver  
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Flov-volume loop u g r a p h i c a l  p l o t , o f  f l o v  v e r s u s  vo lume  
v h i c h  i s  m e a s u r e d  d u i n g  a f o r c e d  e x p i r a t o r y  
maneuver  

Forced  e x p i r a t o r y  maneuver  c h a t  v h i c h  h a p p e n s  v h e n  a p e r s o n  t a k e s  t h e  
f u l l e s t  and  d G e p e s t  b r e a t h  o f  room a i r  t h a t  
h e  c a n  p o s s i b l y  t a k e  and b l o w s  t h a t  a i r  a s  
r a p i d l y  J n d  c o m p l e t e l y  as h e  p o s s i b l y  c a n  
i n t o  a r e c o r d i n g  d e v i c e  c a l l e d  a s p i r o m e t e r  

C C A  ? l O C t I  101 

G i n  

G i n  m o t e s  

G i n  s t a n d  

G i n  s t a n d - r o l l e r  t y p e  

t i n  s t a n d - s a w  i y p e  

L i n t  

a p o r t a b l e ,  d i r e c t  r e a d o u t  d u s t  m o n i t o r ,  
m a n u f a c t u r e d  by C C A  C o r p o r a t i o n ,  u s e d  w i t h  
a s m a l l  v e r t i c c l  e l u c r i a t o r  t o  p r o v i d e  mass 
c o n c e n t r a t i o n  m e a s u r e m e n t s  o €  c o t t o n  d u s t  

r e f e r s  h i s t o r i c a l l y  t o  t h e  " e n g i n e "  
i n v e n t e d  by E l i  X h i t n e y  €or  r e m o v a l  o €  
f rom c o t t o n s e e d .  A moden g i n n i n g  o p e r a  
d r i e s  and  c l e a n s  s e e d  c o t t o n  p r i o r  t o  
s e p a r a t i o n  o f  l i n t  f rom t h e  s e e d  a t  t h e  
s t a n d  ( s ee  g i n  s t a n d )  

t h e  l i n t  wastes c h a t  a r e  s a l v a g e d  d u r i n g  
g i n  l i n t  c l ean j . ; i g  

i n t  
i o n  

g i n  

a m a c h i n e  v h i c h  i s  v i t a l  t o  t h e  o p e r a t i o n  
o f  a g i n  and wh ich  s e p a r a t e s  c o t t o n  l i n t  
f r o m  s e e d  c o t t o n  and  d r o p s  c o t t o n s e e d  i n t o  
a c o n v e y o r  

a m a c h i n e  used i n  g i n n i n g  f a c i l i t i e s ,  v h i c h  
u t i l i z e s  a r o t a t i n g  m o t i o n  of  a r o l l e r  t o  
d r a w  and  s e p a r a t e  l i n t  Erom seed.  T h i s  
t y p e  o €  g i n  s t a n d  i s  p r e d o m i n a n t l y  u s e d  t o  
gin e x t r a  l o n g  s t a p l e  c o t t o n  

a g i n n i n g  mach ine  wh ich  u s e s  saws 
p r o j e c t i n g  t h r o u g h  c i r c u l a r  p l a t e s  t o  
" t e a r "  t h e  l i n t  f rom t h e  c o t t o n s e e d  . 

t h e  l o n g  ( g e n e r a l l y  2 t o  3 cm) c o t t o n  f i b e r  
removed f r o m  t h e  c o t t o n s e e d  i n  t h e  g i n  
s t a n d  a n d  d e l i v e r e d  t o  t h e  press  box f o r  
b a l i n g .  T h i s  i s  t h e  E i b e r  u s e d  i n  c o t t o n  
y a r n  and  f a b r i c  m a n u f a c t u r e  



L i n t e r s  

!-iaximum e n v e l o p e  

m g t d  

Peak  f l o w  

Raw c o t t o n  

Seed  c o t ' t o n  

Seed mea t  

S p i n d l e  h a r v e s t e r  

S t r i p p e r  h a r v e s t e r  

t h e  v e r y  s h o r t  ( l e s s  t h a n  1 5  m m )  c o t t o n  
f i b e r s  r e m a i n i n g  on t h e  s e e d  when g i n n i n g  
i s  c o m p l e t e d .  T h e s e  f i b e r s  a r e  removed 
f rom t h e  Peed i n  d e l i n t i n g  m a c h i n e s  a t  t h e  
c o t t o n s e e d  o i l  m i l l s .  They a r e  n o t  u s e d  t o  
aqy  g r e a t  e x t e n t  i n  y a r n  and f a b r i c  
p r o c e s s i n g  b u t  h a v e  u s e s  i n  t h e  g a r n e t t i n g ,  
c h e m i c a l  a n d  c e l l u l o s e  i n d u s t r i e s  

a c o m p o s i t e  c u r v e  c r e a t e d  f r o m  t h e  
f low-volume loops o f  s e v e r a l  o f  one 
person's f o r c e d  e x p i r a t o r y  m a n e u v e r s  w h i c h  
a r e  c o l l e c t e d  i n  o n e  sess ion ,  t h e  curve i s  
d e r i v e d  from t h e  maximal f low a t  e a c h  5 % 
o f  t h e  f o r c e d  v i t a l  c a p a c i t y  

r e f e r s  t o  " m i l l i g r a m s  ( o f  c o l l e c t e d  
a i r b o r n e  p a r t i c u l a t e  m a t t e r )  p e r  c u b i c  
meter o f  a i r "  

t h e  g r e a t e s t  v a l u e  o f  a i r  f l o w  i n  a f o r c e d  
e x p i r a t o r y  maneuver  

t h e  mater ia l  r e c e i v e d  i n  bales f r o m  t h e  g i n  
by t h e  t e x t i l e  m i l l  

c o t t o n  m a t e r i a l  h a r v e s t e d  u s u a l l y  by 
m a c h i n e - p i c k i n g  O K  m a c h i n e - s t r i p p i n g  
methods and  d e l i v e r e d  t o  t h e  g i n  i n  a 
t r a i l e r  o r  module .  I t  c o n s i s t s  o f  s e e d  
w i t h  a t t a c h e d  l i n t  and l i n t e r s  

synonymous w i t h  s e e d  embryo.  V e g e t a b l e  o i l  
i s  e x t r a c t e d  f rom t h e  s e e d  m e a t  a t  t h e  
c o t t o n s e e d  o i l  m i l l s  

a m e c h a n i c a l  h a r v e s t i n g  m a c h i n e  t h a t  
removes  c o t t o n  Erom t h e  o p e n  b o l l s  w i t h  
r o t a t i n g  s p i n d l e s ,  l e a v i n g  unopened  bolls 
on t h e  p l a n t  

a m e c h a n i c a l  h a r v e s t e r  u t i l i z i n g  c l o s e l y  
s p a c e d  f i n g e r s  wh ich  p ro j ec t  i n t o  t h e  
c o t t o n  p l a n t  and  s t r i p  t h e  c o t t o n  l i n t  ( a s  
w e l l  a s  c o n s i d e r a b l e  l e a f  and  b r a n c h  
m a t e r i a l s )  f r o m  t h e  f i e l d  I 
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V e r t i c a l  e l u t r i a t o r  , s a m p l i n g  i n s t r u m e n t  d e s i g n e d  to e n t r a p  i n  a 
f i l t e r  a l l  f i n e  d u s t  ( p a r t i c l e s  
a e r o d y n a m i c a l l y  s i z e d  less t h a n  o r  e q u a l  e o  
15 m i c r o n s )  and e x c l u d e  c o t t o n  l i n t .  T h i s  

2 a s t e  r e c y c l e r  

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

r e fp r :  :: i ; , u u s c r y  i n  which  m i l l  w a s t e s ,  
l i n t e r s  and g i n  m o t e s  a r e  c l e a n e d  a n d  ba 
p r i o r  t o  u t i l i z a t i o n  by t h e  g a r n e c t i o g  c 

on 

e d  
a d e  
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A P P E : I D i C E S  

S p  i come t r y  ? rococo  1 
Pulmonary f u n c t i o n  c e s c i n g  equipmenc  
Q u e s t  i o n n a  i r e s  

R e v i s e d  E n g l i s h  
O r i g i n a l  E n g l i s h  
R e v i s e d  S p a n i s h  
O r i g i n a l  .5na-;*h- i-r _ _  

Q u e s t i o n n a i -  ' '3: , 
SRI 2. 

N IOSH 

C l a s s i f i c o c L u , a  u f  d i s e a s e  e n t i c i e s  
Q u e s e i o n n a ; - - - - -  f i n i t  i o n  p r o c o c o l  

N e d i c a l  n o c i € i c a c i o n  forms 
I n d u s t r i a l  h y g i e n e  d a c a  s h e e t s  
T y p e s  o f  c o m p a r i s o n  p l a n c s  r u r v e y e d  
G i n  d e s c r i p t i o n  r'orm € o r  s t a c i s t i c a l  s a m p l i n g  
Code numbers  and  g e o g r a p h i c  r e g i o n s  for a l l  o f  t h e  

p l a n t s  i n  c h e  NIOSH s e c o n d a r y  c c c c o n  s c u d y  
A b r i d g e d  s--' ' "A G u i d e  t o  l n d u r i c r i a l  

Re s p  i ra t  o ~ y  k o  c e c  c i o n "  




