
FILE NAME: American Cyanamid (AMCY)

DATE: 1951 Mar 

DOC#: AMCY014

DOCUMENT DESCRIPTION: Unpublished Conference Presentation



J

iI>1

J

Ì
]

/ i -

\

S O C I E T Y  O F  T H E
a ^ t _  ̂ -5s' 22 M'

I!* «  A N D  M J U J C  W O , Li«N>ipr ,
195 V 

P L A S T I
1  2

V- ,
C S

n
I N D U S T R

P r e l i m i n a r y  copy of a report  to be p r e s e n te d  at the Sixth Annual  
Meeting of the Re in forc ed  P l a s t i c s  D i v i s i o n  to be held  at the 
E d ge w ater  Bea ch  Hote l ,  Chicago,  I l l in oi s ,  F e b r u a r y  28th,  
March 1st ,  2nd, 1951 .

The S o c i e ty  i s  not r e sp o n s ib le  for the v i e w s  e x p r e s s e d .

INDUSTRIAL HYGIENE CONSIDERATIONS IN THE MANUFACTURE'
OF REINFORCED PLASTICS

by
W illiam  R, B radley, A m erican  Cyanamid Co.

Some 250 years ago, an Italian physician, R am azzini*^ by nam e, made obse'rva- V  
tions on the occupations of m en to learn if som e factor in their work could-be.,; . ..
a ssocia ted  with the il ln e ss  and d isea se  that he observed  in them . He wond?gyedi ' - 
why those who worked in centain m ines lived such  short liv e s  after be'gixudxig.-l'' 
their em ploym ent and succum bed to d ise a se s  for which there w as no cure.'H e  
d iscovered  that only s la v es  and p rison ers could be p ressed  into th is type of work, 
for death was certain  after only a few y ears of labor. He entered one of th ese  
m ines and experienced  the foul air which h,e fe lt played som e part in d ise a se ,, not 
knowing that poisonous g a ses  rea lly  ex isted  which, together with various harm ­
ful dusts quickly sapped the strength and en erg ies of the w ork ers.
F rom  h ere , R&mazzini v is ited  the ch em ist's  shop and found h im  laboring in his 
sm oke and fume filled  quarters, breathing the m ists  and vapors of h is many con-?  
co ctio n s. At the bleaching pit, the workm en disappeared in the hot g a ses  and m ists  
as they bent over the sulfur v a ts . And so it went from  occupation to occupation. 
R am azzini found d ise a se  and sick n ess  a ssocia ted  with the conditions of work.
But his recorded ob servation s went unheeded by h is co llea g u es, as w ell as by 
those who follow ed. '
So it w as, that in the early  industria l developm ent in this country, m en w ere e x ­
posed to g a se s , m is ts , fum e, vap ors, d u sts, e x c e ss iv e  heat and cold, and e x c e s ­
siv e  n o ise , with litt le  regard to the p ossib le  injurious nature of a number of these  
su b stan ces. In som e in sta n ces, even though it was ob served  that life  w a s' sh o rt­
ened and that oth ers becam e p h ysica lly  unfit for further em ploym ent in  the space  
of only a few y e a r s , there w as little  attention given as to why th ese  things w ere  
so . In fact, in som e in sta n ces , exposure to harm ful and irritan t substan ces was ; 
accepted  as an unavoidable, although d isa g reea b le , condition of em ploym ent. In-' - 
d u str ia l i l ln e s s e s ,  like phosphorous poisoning, m ercu ry  poisoning, s i l ic o s is  from  
free  s i l ic a  dust in the lungs, and m anganese poisoning for y ea rs went undetected  
and unassociated  with em ploym ent.
Only in com paratively  recent y e a r s , has there com e the understanding that c e r ­
ta in  in dustria lly  used substan ces m ay be toxic or harm ful if they are perm itted  
to ex is t  as atm ospheric contam inants in work p la c e s , or if  em p loyees are sub­
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j ected  to ph ys ic a l  contact  with them.  It was a l s o  real ized  that harmful  substances  
might  en te r  the body through the lungs and be absorbed into the blood s t r e a m  or 
might  be ab sorbed  through the skin ,  as we l l  as be taken by mouth.  With this un der­
standing» cam e  the d ia gn os is  and trea tm ent  of i l ln e s s  by industr ia l  phys ic ians  and 
the rec ogn it ion ,  evaluat ion and control  of toxic  su b st an ces  in the working en v iro n ­
m e n ts  by in d u s tr ia l  h y g ie n i s t s .  Today in cert a in  of our la r g e r  i n d u s tr i e s ,  these  
indiv iduals ,  working as t ea m s  and toge ther  with o th ers  have  undertaken the study  
of raw m a t e r i a l s ,  in t e r m e d ia t e s  and f in ished products in s m a l l  animal laboratori es  
to in ves t i gat e  the ir  toxic p rop er t ie s .
Ev en  though such s tudies  have been  under way for s e v e r a l  y e a r s ,  t ox i co lo g i s ts  
are  the f i r s t  to sa y ,  "we have only ma de a beginning." The s tudy of lead poisoning  
has  been  cont inuing for m o r e  than 20 y e a r s ,  but a great  deal  m o r e  m u s t  be learned  
before  it m ay  be wri t t en  off as  f in ished .  T o x i c o lo g i s t s  have c la s s i f i e d  d u s ts ,  for 
e x a m p le ,  into those  that are harmfu l  and tho se  that are inert ,  when breathed into 
the lungs .  They have  a l so  learned that only the t in ie s t  of p a r t i c l e s ,  those l e s s  than 
1/ 25 000  of an inch in d i a m e te r ,  too s m a l l  to be s e e n  with the unaided e y e ,  can pen­
et ra te  d ee p ly  into the air s a c s  of the lungs ,  Their  s tud ies  have rev eal ed  the v o l a ­
t i le  so lv en t s  that are  harmfu l  whether  inhaled or ab so rbed  into the skin ,  and a l so  
just  how they produce  i l l n e s s  within the body.  The s tudies  a s s u m e  g r e a t e r  i m p o r ­
tance  today in the rol l  of preventing i l l n e s s  among i n d u s t r i e s ’ wo rk m en,  p ar t icu ­
la r ly  in l ight of  in vest iga t ing the new and u se fu l  c h e m ic a l  su b s tan ces  that today 
a re  enter ing the in dus tr ia l  m ark e t .  One may quickly l i s t  those new c h e m i c a l s  u s e ­
ful to the R ei n fo rc ed  P l a s t i c s  Industry that w er e  unknown only a few y e a r s  ago;^. ' 
yet ,  without  which the re  would be no p la s t i c s  ind ustry .  Even  now Industrial  P h y s i ­
c ia ns  are adding to their knowledge in the d ia gn os is  and t rea tm e n t  of i l ln e s s  in 
m e n  em p lo yed  in the P l a s t i c s  Industry and in re co gn iz in g and pointing out the d i f ­
f e r e n c e  be tw een  i l l n e s s  re su l t ing  f rom  their  e m p lo y m e n t  and that f r o m  n o n - in d u s ­
t r ia l  c a u s e s .  F o r  not al l  s i c k n e s s  can be laid at indus try 's  doors tep;  in fact ,  the 
g r e a t e r  propor t ion  of  i l l  heal th among tho se  in dus tr ia l ly  em p lo yed  i s  con s idered  
due to n o n - in d us tr ia l  c a u s e s .
THE INDUSTRIAL HYGIENIST AT WORK
Industrial H y g i e n i s t s , f requent ly ,  rather  a r b i t r a r i l y ,  have e s ta b l i s h e d  cer ta in  m a x ­
im u m  l i m i t s  on the conce ntr at ion  of h ar mfu l  a i r -b o r n e  contaminants  that are  p e r ­
mit ted  to e x i s t  in the working e n v i r o n m e n t ,  be lo w which l i m i t s  it is  not anticipated  
that occ u p at ion al  i l l n e s s  wi l l  o c c u r .  H o w e v e r ,  the se  p ro tect i ve  l i m i t s  apply to a 
r e l a t i v e l y  few of our  c o m m o n l y  used  in d u s tr ia l  m a t e r i a l s .  Yet ,  even  though the 
e n t i r e  f i e ld  of  Indus tr ia l  Heal th m a y  be c o n s i d e r e d  as  c o m p a r a t iv e l y  young, much  
p r o g r e s s  has b ee n  made;  the heal th  of the e m p lo y e e  in industry  today is  t r e m e n d ­
o u s l y  im p r o v e d  o v e r  that of a few sh o r t  y e a r s  ago. In fact ,  it i s  g e n era l l y  agreed  
that e n g in eer in g  control  m et h o d s  m a y  be u sed  in ind ustry  s o  that ev en  highly t o x ­
ic  s u b s t a n c e s  m ay  be handled s a f e l y  and without  exp o sure  of e m p l o y e e s ,  and that  
occu p a t io n a l  i l l n e s s  i s  pre ven tab le .
T h e r e  i s  the ch a l le n ge  for Industr ia l  H y g ie n i s t s  to m ak e co n ce n tra ted  s tudy of the 
c o m p a r a t i v e l y  new R e in fo rced  P l a s t i c s  Industry .  They are  in t e r e s t e d  in studying  
and c l a s s i f y i n g  the raw m a t e r i a l s  of  th is  in d u s try  and to d e s ig n a t e  which must  be 
handled with c a r e .  With their  a ir sa m p l i n g  i n s t r u m e n t s ,  they ca n  m e a s u r e  and ana­
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lyze the concentration of g a s e s ,  vapors, m ists  and d u sts, and recogn ize, and ev a l­
uate the p resence and amount of air contam inants that m ight ex is t . If nuisance or 
harm ful substances are present, they are concerned that m echanical exhaust ven ­
tilation  be provided with hooded enclosu res at p laces w here dusta and m ists  and 
vapors m ight escape to the workroom  air. Applying engineering control m easures  
to carry  away and to trap th ese substances from  the standpoint of preventing ill  
health is  their sp ec ia lized  fie ld . When studying how m a ter ia ls  are handled, they 
can determ ine just where and how a worker may be exposed and can show jvhere 
personal protective equipment such as g lo v es, aprons, sh o es , clothing or resp ira ­
to rs , and face m asks may prevent contact with irritant su b stan ces.
Transporting solvents by pump through c losed  sy stem s from  storage to the r e a c ­
tion p ro cess  w ill prevent the exposure to splashing and to inhaling vapor that 
would ex ist if the so lvent w ere carried  in open pails or by other open handling 
m ethods. Pumping through a closed  sy stem  of piping m ay a lso  speed production 
and le sse n  its  cost. There is  alw ays som ething gained by the carefu l application  
of Industrial Hygiene p ractices.
THE DERMATITIS MYSTERY
In one industry, not long ago there occurred  a m ysteriou s ep isode of d erm atitis .
In looking for the cause of th is d ifficulty , the plant m anagem ent w ere u n su ccess­
ful in finding any sign of the offender. Some thought it m ight be poison ivy, due to 
its  occu rren ce in the early  su m m er, but th is proved not to be the c a se . Various 
in sec ts  w ere a lso  su spected  of producing th is skin rash . Although the plant area  
involved in th is difficulty  was a dusty place in which to work, no such affliction had 
occu rred  in the past. It is  true there had been a case of skin rash here and there, 
but this tim e nearly everyone in the building was having trouble. In fact, produc­
tion had fa llen  so much that the m anagem ent w ere concerned about m eeting their  
com m itm ents on sa le s . The em p loyees, too, w ere very  much concerned and som e 
w ere considering seeking em ploym ent e lsew h ere , to get away from  the m ysterious  
akin trouble.
The investigation  made by the Industrial H ygienist ca lled  into the picture support­
ed the early  findings of the plant m anagem ent, but in routine checking and an a lys­
ing raw m a ter ia ls , he found that a new and im proved ingredient had been added to 
a powdered product by the su p p lier . Contacting the su p p lier , it was learned that 
there w as no inform ation w hataoever on the toxicity  of th is newly added ingred­
ient, nor was there any indication  on the label, accom panying the product that a 
new ingredient had been added. The m ater ia l at an early  step  in the p ro cess  was 
d ried  in  a sm a ll rotary k iln , from  which there escaped rather sizeab le  amounts 
of fine dust p a rtic les  that d isp ersed  to the entire work area  of the building. This 
situation  w as revealed  by the Industrial H ygien ist's  dust counting and air sam pling  
technique, and in further study, h is findings ruled out any p o ssib ility  of other cau­
s e s  of th is d ifficu lty .
It is true that no adequate w ashing or show er fa c ilit ie s  w ere  available for the m en, 
and this dust was entering th e ir  work c loth es which they w ore from  the plant to 
th eir  h om es. H ere, then, w as a continuing source of skin contact that pointed to 
the cause of the d erm a titis .
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A hooded e n c lo s u r e  was  des igned  for the feed end and d i s c h a r g e  end of this s m a l l  
kiln.  Exha us t  vent i lat ion * a s  applied to t h e se  noo ods .  The dust  that f o r m e r l y  had 
b ee n  air borne throughout  the plant was now tra nspor te d  to a dus t  co l l e c t o r  where  
m o s t  of it was trapped in large  cloth b ag s .  The sp ace  around thes e  bags was  in 
turn e n c lo s e d  and the e x c e s s  a ir d i s c h a r g e d  to the ou td oors .  New to i le t  and w a s h ­
r o o m  f a c i l i t i e s  w e r e  a l so  provided.
A s  a r e su l t  of  a l l  th i s ,  the d e r m a t i t i s  rapidly  c le a r e d ,  the plant a rea  b e c a m e  a 
m u ch  m o r e  d e s i r a b l e  place  in which to work ,  due to the a b s e n c e  of a irborne dust ,  
the  e m p l o y e e s  w e r e  v e r y  much p le a sed  with the turn of e v e n t s ,  and the m a n a g e ­
m en t  was  again able to brea th e  e a s i e r .  The product  trapped in the dust c o l l e c t o r  
w a s  s a l v a g e d  in such  quant i ties  that the vent i l at ion in s ta l lat ion  paid for i t s e l f  
within  a period of s i x  m o n t h s .  Late r ,  the su p p l i e r s  of this new added ing red ient  
l e a r n e d  to the ir  d i s m a y  that they had m a r k e t e d  a product h ighly  ir r i tant  to the 
sk in ,  without indica t ion to the c u s t o m e r s  through caut ion label ing .
TR O U B L E  WITHOUT WARNING
A n o th e r  ep i s o d e  d e a l s  with so l ve n t  handling: One af ternoon,  the Industr ia l  H y g ie n ­
i s t ' s  te lephon e rang and a rather  ex ci ted  v o i c e  on the other  end of the l ine unfold­
ed the s t o r y  of  sudden i l l n e s s  on the part of e m p l o y e e s ,  s e v e r e  enough to re su l t  
in  the h o s p i t a l i z a t io n  of a few.  The Industr ia l  H yg ie n is t  went right o v e r  to the 
plant  with h is  a ir  sam p l i n g  in s t r u m e n t s .  After  studying the p r o c e s s ,  ana ly t ica l  
m e a s u r e m e n t s  sh ow ed  the con cen tra t io n  of a p ar t ic u la r  so lven t  vapor in the w o r k ­
r o o m  to be e x c e s s B ' e 1 *• high The va por ,  although to l e r a b le ,  quite l i k e ly  could  
h av e c a u s e d  the s i c k n e s s .  The in v e s t ig a t io n  d i s c l o s e d  that a raw m a t e r i a l  r e q u i r ­
ed d i s s o l v i n g  and thinning.  It was  known that this par t i cu la r  so l v e n t  would do the 
job .  A c c o r d i n g l y ,  the m a t e r i a l  was  put in an open kett le  and the so lven t  added, but 
the  reac t io n  did not p r o c e e d  v e r y  rapidly ,  and to spee d  the p r o c e s s ,  it wa s  d e c i d ­
ed to in s t a l l  s t e a m  c o i l s  in the tank and apply heat .  The appl icat ion of heat  did the 
t r i c k ,  but at the s a m e  t ime r e l e a s e d  e x c e s s i v e  quanti t ies  of s o lven t  vapor  into the 
w o r k r o o m  ai r .  The e p is o d e  of i l l n e s s  and the s topping of product ion  was  of  gra ve  
c o n c e r n  to a l l .  H o w e v e r ,  the Indus tr ia l  H y g ie n i s t ,  f r o m  his  e x p e r i e n c e ,  r e c o m m e n d ­
ed putting a c o v e r  on the top of  the ket t le ,  in s ta l l in g  a m an h ol e  with a s m a l l  hood 
e n c l o s u r e ,  through which m a t e r i a l s  could be added with sa f e t y ,  and us ing m e c h a n ­
i c a l  ex h a u st  ven t i la t ion  f ro m  the ke tt l e  and the m an h ol e  hood.  The c o v e r  wa s  n e a t ­
ly f itted around the shaft  of  the ag i tator  and the exha usted  air was  d i s c h a r g e d  to 
the  ou td oors  high above the roof  of  the bu i ld ing .  The co n cen tra t io n  of s o lven t  v a ­
por  rapidly  di luted in the out door  a ir to the point w h er e  it did not c r e a te  any air  
p o l lu t i on  p r o b l e m .  Again the plant se t t l e d  b ac k  to wo rk ,  but in th is  c a s e ,  i n f o r m a ­
t ion on the t o x i c o lo g y  of the s o l v e n t  va p or  w a s  known and publ ished.  How much  
b e t t e r  it would have  been  to have had the Indus tr ia l  H y g ie n is t  r e v i e w  the proposed  
p r o c e s s  and apply p r e v e n t iv e  control  m e a s u r e s  on the b lu ep rin t s  to be in s ta l l ed  
at the s a m e  t im e  as the p r o c e s s .
TOXICOLOGY O F RAW MATERIALS
Th e t o x i c o l o g y  of  s o m e  of the r a w  m a t e r i a l s  u sed  in the R e in fo rced  P l a s t i c s  In­
d u s t r y  i s  r e f e r r e d  to b r i e f l y  b e lo w .  More c o m p l e t e  d i s c u s s i o n s  of  t h e s e  and other  
s u b s t a n c e s  m a y  be found in the i n d u s t r i a l  hyg ie n e  and to x i c o lo g y  texts  by Patty^  
and by F a i r h a l l .^
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S t y r e n e  is a so lvent  widely  used in the Reinforced P l a s t i c s  Industry b ec au se  of 
i t s  e a s e  of p o lym er iz a t i on .  The p h ys io lo g ic a l  re spon se  to the inhalat ion of s tyrene  
vapor  and to the contact  of  s ty ren e  vapor with the skin has been publ ished by 
R o w e ,  by S p e n c e r , a n d  by Carpenter .  1 Absorpt ion of the vapor is  mainly  
through the r e s p ir a t o r y  t ra ct  and m both animals  and man,  s ty r e n e  is met abo l i zed  
and e x c r e a t e d  in the ur ine .  Judged f ro m  the ef fect  on a n i m a l s ,  a m a x im u m  c o n ­
c e n tr a t i on  of vapor p erm it ted  in w o r k r o o m  air has been s u g g e s t e d  as 400 parts  
of  vapor  per m i l l i o n  parts of a ir .  This  l im it  has been s u g g e s te d  for repeated e x p o ­
s u r e s  of  men  for an e ig h t- ho u r  work day.  How ever ,  the co n ce n tra t io n  of 400 
part s  per  mi l l i on  m ay  be d i s a g r e e a b l e  to som e p e r s o n s ,  and in a few, may cause  
a t ran s ie n t  ir r i tant  e f fec t  on the e y e s  and n o se .  For  this r e a s o n ,  the A m e r i c a n  
C o n fe r e n c e  of  G ov ernm en ta l  Industrial H yg ie n is t s  r e c o m m e n d  a l im it  of 200 P .P .M .  
The sam p l in g and a n a ly s i s  of s ty ren e  vapor in the air is  e a s i l y  a c c o m p l i sh ed ,  
using the method d e s c r i b e d  by Rowe and o t h e r s .  Usu a l l y ,  s ty r e n e  is  handled in ­
d u s t r i a l l y  in c lo sed  v e s s e l s  equipped with pos i t ive  exhaust  ven t i la t ion .  The use  
of r e s p i r a t o r s  approved by the United Sta tes  Bureau of Mines  for protection  
agai ns t  the inhalat ion of org an ic  vapors  m ay  be use ful  for shor t  t im e in term it -  
tard e x p o s u r e  to low c o n cen t ra t io n s  of s ty ren e  vapor in a i r .
D ia l ly l  Phthalate  has  been  the subjec t  of inv es t ig at io n  by McOmie® and Anderson.  
They report  that d ia l l y l  phthalate is  a mi ld  irr i tant  to the skin  and e y e s  of rabbits,  
and that contact  with the skin  should be avoided,  through the u se  of protect ive  
g l o v e s  or  c l o t h e s .  Where su ff ic ie nt  d ia l ly l  phthalate was  int roduced into sm al l  
a n i m a l s  to produce death,  s u b - l e t h a l  poisoning was c h a r a c t e r i s t i c  by w ea k n ess  
and m i l d  d e p r e s s i o n .  L iv er  d a m a g e  and lung conges t io n  w e r e  the ch ie f  pathologi ­
cal  f indi ngs .  The toxic i ty  of d ia l ly l  phthalate is gre a te r  than that of other phthalic 
e s t e r s  on which data i s  a v a i la b le .  Its g r e a t e r  ind ustr ia l  haz ard  in the plast ic  i n ­
d u s tr y  i s  the p o s s ib i l i t y  of  chro n ic  i l l n e s s  through long cont inued and repeated  
skin a b s o r p t i o n s .  This  points to the d e s i r a b i l i t y  of good s an it ary  fac i l i t i e s  for  
wa sh in g  and taking s h o w e r s ,  the u se  of rubber g loves  when handl ing the ch e m ic a l ,  
and for a p r o g r a m  of w e a r in g  c lean w o rk  c lothing.  No m a x i m u m  p e r m i s s i b l e  e x ­
p osu re  co n cen t ra t io n  has  b ee n  e s t a b l i s h e d  for this s u b s t a n c e .
Dibutyl  phthalate has  b ee n  re p or ted  by Lehmann and F lury ^ to produce  irr i tat ion  
of  the m u c o u s  m e m b r a n e s ,  sa l i v a t i o n ,  re.stle? snes  s and fa t igue ,  with no after  
e f f e c t  and with quick r e c o v e r y  in c a t s ,  when exp osed  for 5 - 1 / 2  hours  to 88 parts  
of  dibutyl  phthalate per m i l l i o n  part s  of a ir .
The p h y s io lo g i c a l  r e s p o n s e  to vapor  e x p o s u r e  of ca t s  to d im e t h y l  phthalate has  

b e e n  re p or ted  by the s a m e  authors^ as giv ing about the s a m e  r e s p o n s e  when the 
co n c e n t r a t io n  r e a c h ed  252 part s  per  m i l l i o n .  It d oes  not s e e m  l i ke ly  that such a 
c o n c e n t r a t io n  would e x i s t  in a ir m i x t u r e s  at room t e m p e r a t u r e s  due to i ts  vapor  
ten s ion.
If d ibutyl  and d im e t h y l  phthalates  are  hea ted  or  sp r a y e d ,  co n t r o l  of the work  e n ­
v i r o n m e n t  to avoid skin contact  and inhalation i s  ind ica ted .  No m a x i m u m  p e r m i s ­
s i b l e  l im it  of  in d u s tr ia l  e x p o s u r e  has  b ee n  e s t a b l i s h e d  for t h e se  com poun ds.
T r i - o - c r e s y l  phosphate  e x i s t s  in three  i s o m e r i c  f o r m s  which p o s s e s s  d i f f e r e n c e s  
in t o x i c i t y .  The ortho and m e t a c r e s y l  phosphates  are  c o l o r l e s s ,  p ra c t ic a l l y  o d o r -
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l e s s  l i q u i d s  w h u . h  a r e  s t a b l e  and n o n - v o l a t i l e . T h e  p a r a i s o m e r  e s s t . ^  m the 
f o r m  o i  c r y s t a l l i n e  n e e d l e s .  I n s o l u a b i e  in w a t e r ,  t h e s e  p h o s p h a t e s  a r e  m i s c i b l e  
w i t h  the c o m m o n  s o l v e n t s  and t h i n n e r s  a n d  wi t h  m a n y  v e g e t a b l e  o i l s .  T h e  e x p e r i ­
m e n t a l  w o r k  by  S m i t h ^  s h o w e d  that  t ox ic o i o g i c  a ! ly t r i - o - c r e s y l  p h o s p h a t e  d i f f e r s  
t r o m  the c o r r e s p o n d i n g  c r e s o l s ,  p h e n o l s ,  or  r h e t r  p h o s p h u r i c  a c i d  e s t e r s  b e c a u s e  
f o l l o w i n g  c u t a n e o u s  o r  i n t r a v e n o u s  i n j e c t i o n s  tn a d o g  o r  c a t ,  a l l a c c i d  p a r a l y s i s  
ol  the p o s t e r i o r  e x t r e m i t i e s  and to a l e s s e r  d e g r e e  of  t he a n t e r i o r  e x t r e m i t i e s  
o c c u r s  a f t e r  a l a t e n t  i n t e r v a l  v a r y i n g  f r o m  f i v e  to t h i r t y  d a y s .  T h i s  d e l a y e d  a c t i o n  
01 i r i - o - c r e s y l  p h o s p h a t e  in t he a n i m a l  b o d y  and i t s  s p e c i f i c  e i f e c t  on n e r v e  t i s ­
s u e s  i s  i n t e r e s t i n g .  T h e r e  e x i s t s  r e p o r t s  m  the l i t e r a t u r e  of  f l a c c i d  p a r a l y s i s  of 
the u p p e r  a n d  l o w e r  e x t r e m i t i e s  in p e r s o n s  w h o  h a v e  t a k e n  t r i - o - c r e s y l  p h o s p a t e  
by  m o u t h  a s  an a d u l t e r a n t  in s a l a d  oi l  a n d  fat  s u b s t i t u t e s .  S l o w  b ut  c o m p l e t e  r e ­
c o v e r y  i s  r e p o r t e d  to h a v e  o c c u r r e d .  O n e  d o e s  not  a n t i c i p a t e  d i f f i c u l t y  in h a n d ­
l i ng  t r i - o - c r e s y i  p h o s p h a t e  in t he  p l a s t i c s  i n d u s t r y ,  but  t he  o p p o r t u n i t y  01 c o n ­
t a m i n a t i n g  f o o d  s t u f f s  o r  l u n c h e s  t h a t  m a y  be  c a r r i e d  i n t o  t he  w o r k i n g  a r e a  of  
p l a n t s  s h o u l d  b e  r e c o g n i z e d .  N o  i n d u s t r i a l  t o x i c a t i o n s  h a v e  b e e n  r e p o r t e d ;  h o w ­
e v e r ,  the s p r a y i n g  of  t r i - o - c r e s y l  p h o s p h a t e  o r  v o l a t i l i z a t i o n  by  h e a t  s h o u l d  b e  
c a r e f u l l y  c o n t r o l l e d ,  a s  a b s o r p t i o n  ol  t he  c o m p o u n d  t h r o u g h  t he  i n t a c t  s k i n  h a s  
b e e n  d e m o n s t r a t e d .  H o d g e ^  a n d  S t e r n e r  h a v e  m a d e  f u r t h e r  c o n t r i b u t i o n s  t o  t he 

t o x i c o l o g i c a l  l i t e r a t u r e  on t h i s  c o m p o u n d ,  a n d  m e t h o d s  01 d e t e c t i o n  a n d  d e t e r m i n ­
a t i o n  h a v e  b e e n  r e p o r t e d  b y  J a c o b s . ^  No  m a x i m u m  p e r m i s s i b l e  l i m i t  f o r  i n d u s -  

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

B e n z o y l  p e r o x i d e  i s  u s e d  in the R e i n f o r c e d  P l a s t i c s  i n d u s t r y  a s  a c a t a l y s t  b e c a u s e  
o f  i ts  e f f e c t i v e n e s s  in b r i n g i n g  a b o u t  p o l y m e r i z a t i o n .  In s p i t e  ot i t s  r a t h e r  e x ­
t e n s i v e  u s e  in t he f l o u r  m i l l i n g  i n d u s t r y  a s  a b l e a c h i n g  a g e n t ,  v e r y  l i t t l e  i n v e s t i ­
g a t i o n  on the t o x i c i t y  of  b e n z o y l  p e r o x i d e  h a s  b e e n  m a d e  a n d  s o  f a r ,  no i n j u r i o u s  
e f f e c t s  oi  i n d u s t r i a l  i m p o r t a n c e  h a v e  b e e n  n o t e d .  It i s  k n o w n ,  h o w e v e r ,  t h a t  b e n ­
z o y l  p e r o x i d e  m a y  i n h i b i t  g r o w t h  i n c e r t a i n  p l a n t  a nd  a n i m a l  f e e d i n g .  E x p e r i m e n t s  
u s i n g  t h e s e  p l a n t s  h a v e  i n d i c a t e d  a l o s s  ot w e i g h t .  A l t h o u g h  b e n z o y l  p e r o x i d e  p o s ­
s e s s e s  a l o w o r d e r  of  t o x i c i t y  a n d  n o  m a x i m u m  a l l o w a b l e  c o n c e n t r a t i o n  h a s  b e e n  
s e t  f o r  t he p r e s e n c e  of  t h i s  d u s t  in w o r k r o o m  a t m o s p h e r e s ,  it i s  c o n s i d e r e d  w i s e  
t o  a v o i d  d u s t  i n h a l a t i o n  d u r i n g  h a n d l i n g  o f  t h i s  m a t e r i a l .  T h e  u s e  ol  d u s t  r e s p i r ­
a t o r s  i s  s u g g e s t e d  to a v o i d  i n h a l a t i o n  i f  the h a n d l i n g  t e c h n i q u e  c a n n o t  b e  m a d e  
d u s t  f r e e .

T h e  d r y i n g  a g e n t s  s u c h  a s  n a p h t h e n a t e s  o r  p e t r o l e u m  n a p h t h a  h a v e  a d e f a t t i n g  
a c t i o n  f o l l o w i n g  c o n t a c t  w i t h  t he s k i n .  In t he e v e n t  of  p o s s i b l e  s k i n  c o n t a c t ,  t h e r e ­
f o r e ,  t h e  u s e  of  r u b b e r  g l o v e s  i s i n d i c a t e d .  T h e  a d d e d  m e t a l s . s u c h  a s  c o b a l t  a r e  

u s u a l l y  p r e s e n t  in v e r y  s m a l l  q u a n t i t i e s .  T h e r e  i s  no p u b l i s h e d  i n f o r m a t i o n  on 

t he  t o x i c o l o g y  o f  c o b a l t  n a p h t h e n a t e  a s  s u c h  f r o m  t he  s t a n d p o i n t  o: t he  v a p o r  i n ­
h a l a t i o n ,  n o r  h a s  a n y  m a x i m u m  p e r m i s s i b l e  l i m i t  of  e x p o s u r e  b e e n  e s t a b l i s h e d .

O f  t he  m a t e r i a l s  c o m m o n l y  u s e d  a s  f i l l e r s ,  s i l i c a ,  in t he  f o r m  of  s i l i c a  f l o u r ,  
s h o u l d  r e c e i v e  s p e c i a l  a t t e n t i o n .  S i n c e  a n c i e n t  t i m e s ,  it h a s  b e e n  t h o u g h t  t h a t  c e r ­
t a i n  d u s t s  c a u s e d  d i s e a s e  of  t h e  l u n g s ;  in f a c t ,  t he  w r i t i n g s  o f  R a m a z z i n i ^  d i s ­
c u s s e s  i t .  I l l n e s s  o c c u r r e d  a m o n g  t r a d e s m e n  w h o s e  w o r k  w a s  i n  " h e w i n g  m a r b l e  
o r  s t o n e s  out  o f  r o c k  a n d  in p o l i s h i n g  a n d  c u t t i n g  t h e m . "  He  r e c o g n i z e d  t h a t  t he  

i n h a l a t i o n  o f  d u s t  in s o m e  w a y  w a s  r e l a t e d  t o  the c o n d i t i o n  ot  t he  l u n g s  of  t h e s e  
p e r s o n s  w h e n  s e e n  i n a u t o p s y .  It i s  not  s u r p r i s i n g  t o f i nd  s i l i c a  e x p o s u r e s  in i n ­
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dustry ,  s in ce  the bulk of the earth 's  crust  is  s i l i c e o u s  m a t e r ia l .  T h er e  is a great  
quantity of  an im al  ex p er im en ta t io n  ref er re d  to by Patty^ and by Fai rhal l^  showing  
that the inhalation of free  s i l i c a  (S i0 2 ) c a u s e s  a f ibrot ic  d i s e a s e  of the lungs f o l l o w ­
ing a m a s s i v e  invas ion of the pulmonary t i s s u e .  The production of s i l i c o s i s  depends  
upon the co m p o s i t i o n  of inhaled dust ,  the number of p a r t i c l e s  of  inhaled dust ,  the 
s i z e  of the p a r t i c l e s ,  and the length of t im e during which p a r t i c l e s  are inhaled.  
Workmen handl ing f r e e  s i l i c a  should avoid cr ea t ing and inhal ing dust .  Dusty p r o ­
c e s s e s  should be equipped with exhaust  vent i la t ion to prohibi t  f r e e  s i l i c a  f ro m  e s ­
caping to the w o r k r o o m  a t m o s p h e r e .  In the ab sen ce  of  such e n v iron m en ta l  c o n ­
t r o l ,  w ork men  should use  r e s p ir a to r y  equipment approved by the United States  
B ure au  of Mines  ^  for protect ion against  the inhalation of toxic  dus t .
A s b e s t o s  in f ine ly  div ided par t iculate  f orm  is  capable  of  en ter ing the lungs by i n ­
halation.  While a s b e s t o s  i s  a hydrated m a g n e s i u m  s i l i c a t e  and contains  l i t t le or  
no fr ee  s i l i c a ,  Lanza^ c o n c l u d e s  f r o m  his  study that prolonged ex p o s u r e  to a s b e s ­
tos dust  m a y  cause  pu lmonary f i b r o s i s ,  t e r m e d  a s b e s t o s i s .  The production of 
s i l i c o s i s  i s  apparent ly  mu ch  m o r e  rapid than the product ion of a s b e s t o s i s ,  but 
again the d i s e a s e  depends  upon the quantity of dust that is inhaled.  Report  of a 
c o m p r e h e n s i v e  s tudy of a s b e s t o s i s  has  re cen t l y  been ma de by V o r w a l d ^  et al.
It has  been  r e c o m m e n d e d  that the m a x im u m  p e r m i s s i b l e  l i m it  for  fr ee  s i l i c a  dusts  
and for a s b e s t o s  dus ts  in the working en vi ro nmen t  be 5 m i l l i o n  p a r t i c l e s  of dust  
per cubic foot of air for e i g h t - h o u r  dai ly  e x p o s u r e .  The Industr ia l  H yg ien is t  e m ­
p lo ys  a s p e c i a l  technique of a t m o sp h e r i c  sam pl ing and actual  dus t  par t i c le  co unt ­
ing,  us ing a m i c r o s c o p e  in ord er  to ma ke d e te r m i n a t i o n s  of a t m o s p h e r i c  dust c o n ­
c e n tr a t i o n s .  The f igu re  of  5 m i l l i o n  dust p a r t ic le s  m ay  be c o m p a r e d  with the p e r ­
m i s s i b l e  l i m i t  of  50 m i l l i o n  p art ic le s  per cubic foot of air for d u s t s  of  the inert  
or n u is an ce  type,  those  not c o n s i d e r e d  g e n e r a l ly  to be product ive  of f ib r o s i s  in 
pulmonary t i s s u e .
The c la y s  that may be used  as f i l l e r s  are  mainly  s i l i c a t e s  and contain  r e la t iv e ly  
s m a l l  amounts  of  f r ee  s i l i c a ,  usual ly  l e s s  than 5 % and are c l a s s i f i e d  as nuisance  
d u s t s ,  having a p e r m i s s i b l e  l i m i t  for a t m o s p h e r i c  d u s t i n e s s  of 50 m i l l i o n  p art ic le s  
per cubic  foot  of air.
F i b e r g l a s  used in the R e in fo rced  P l a s t i c s  Industry has  b ee n  a su b je ct  of c o n s i d ­
e ra b le  in v es t i g a t io n  f r o m  the s tandpoint  of its e f fe c t  on those  who work  with the 
m a t e r i a l .  T h er e  has  b e e n  s o m e  ir r i t a t i o n  of the sk in  in people  who handle it,  but  
m o s t  of t h e se  c a s e s  have  c l e a r e d  up rapidly  and the w o r k m e n  apparent ly  suff ered  
v e r y  l i tt le  fur ther  d i s c o m f o r t .  The m a n u f a c t u r e r s  of  g l a s s  wo ol  su b s t a n c e s  s u g ­
g e s t  that w o r k e r s  w ea r  c lothing l o o s e  at the neck  and w r i s t s .  More important  i s  
the r e c o m m e n d a t io n  that  w o r k m e n  take a thorough s h o w e r  at the end of the i r  d a y ’s 
wo rk ,  us ing plenty  of  w a r m  w a te r  and soap.  Soap and w a te r  proved m o s t  e f fect ive  
in r em o v in g  p a r t i c l e s  f r o m  the sk in .  It i s  a l so  im portan t  that the wo rk  clothing  
be frequent ly  laundered and that the w o r k m e n  chang e to s t r e e t  c l o th es  at the end 
of the wo rk  day.  G a r d n e r 3 conducted e x t e n s iv e  in v e s t ig a t io n s  on the ef fec t  of i n ­
haled g l a s s  wo ol  and rep or t ed  that "apparently  even  the f in e s t  t e x t i l e  g la s s  s e t  up 
as an a t m o s p h e r i c  dust i s  not inhaled in a p p rec ia b le  con c e n t r a t io n s  and does  not  
produce any d an ge rou s  e f fe c t  upon the lung".  F o r  o v e r  a y e a r ,  he exp osed  e x p e r i ­
m en ta l  a n im a ls  to high dus t  c o n cen t ra t io n s  and found v e r y  l i t t le  in the way of air
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/  born e  f ib e ia  that penetrated deeply  into the lung. S i e b e r t 12 has published a very- 
thorough inves t ig at io n  for the man ufacture rs  of f ib er g la s  that inc ludes  a study of 
the men engaged in production wher e  he found no ill heal th.  S u lz b e r g e r  and Baer  
have reported on the ef fe ct s  of f iber glas  on animal  and human akin* concluding that  
reac t io ns  such as "itch", w er e  of  a t ra ns i tor y  and su p e r f i c i a l  nature .
C a lc iu m  Carbonate  d usts  are usua l ly  con s idered  in the n u isan ce  c a t ego ry ,  f ro m  
the standpoint  of industr ia l  hyg iene .  It has been known, h o w e v e r ,  to produce i r r i ­
tat ion of m o i s t  skin,  p a r t ic u la r ly  when w ork men  are exp o sed  to heavy c o n c e n t r a ­
t io n s ,  and m ay  be p ersp ir in g  f ree ly .
HIGHLIGHTS OF PROCESS CONTROL
The industr ia l  H yg iene  c o n s id era t io n s  of v a r io u s  p r o c e s s e s  in the Reinforped P l a s ­
t i c s  ind ustry  deal  with control l ing  the en vi ro nmen t  of the work ing p la ce s  to p r e ­
ve n t  the inhalat ion so l ve n t  va p ors  or  dusts  and in protect ing e m p l o y e e s  against  
l iquid contact  with the skin .  A ls o  con s idera t i on  should be g iven  to the pro v is io n  of 
adequate  sh o w e r  and wash  roo m s  and maintaining a high s tandard of  p e r s o n a l  w o r k ­
er  c l e a n l i n e s s .  A p r o g r a m  that wi l l  pay div idends  in a s u c c e s s f u l  op era t ing e x p e r i ­
e n c e  is one of  educat ion  among e m p l o y e e s  in the care  they e x e r c i s e  in handling  
c h e m i c a l  su b s t a n c e s  used  in the industry .  If r e s in s  that en ter  the plant in d r u m s  
a re  added to open m ix in g  k ett les  and l i k e w i s e  the so l v e n t s  and c a t a l y s t s  are  add­
ed to these  s a m e  k e t t le s ,  then c on s id era t i on  should be g iven  to providing e n c l o s u r e s  
for  the top of the se  ket t l es  and us ing pos i t ive  m ech a n ic a l  ex h a u st  vent i l at ion to 
pre ve nt  v a p o r s  f r o m  escap ing  to the w o r k r o o m  en vi ro n m en t .  The u se  of f i l l e r s  in 
the fo rm  of d u s ts  should be done with car e  to avoid inhalat ion of the d u s t s ,  p a r t ic u ­
la r ly  those  containing fr ee  s i l i c a  or a s b e s t o s .  Local  exhaust  vent i la t ion should be 
e s t a b l i s h e d  w h e r e  r e s in s  are sp ra y ed  on to re in forc ing m a t e r i a l s .  The appl icat ion  
of s m a l l  s h e e t  m e t a l  e n c l o s u r e s  at the bed of molding m a c h i n e s  with the except ion  
of the working fa ce  and applied ex haust  ven t i la t ion  l a te r a l ly  to r e m o v e  so l ve n t  v a ­
por has been  s u c c e s s f u l .  It has b ee n  p o s s ib l e  to make  this e n c l o s u r e ,  adapt ing the 
d e s i g n  and con s tru c t io n  of the s h e e t  m eta l  so  as not to i n t e r fe r e  with the op era to r  
or h is  work.
Cer ta in  f in ishing op er a t i on s  are  l i ke ly  to be d u s ty ,  such as sa w in g  and grinding,  
and wh i l e  t h e se  d u s ts  are  m a i n ly  c o n s i d e r e d  as n u isan ce  p r o b l e m s  rather  than as  
a s e r i o u s  heal th p r o b le m ,  ex haust  ven t i l a t i on  applied to s a w s  and g r i n d e r s ,  f o l l o w ­
ed by dust c o l l e c t i o n  h as  been  s u c c e s s f u l  in other  i n d u s t r i e s ,  par t ic u la r ly  the w o o d ­
work ing industy .  Control  of  the working en v iro n m en t  f ro m  the s tandpoint  of m a i n ­
ta ining good heal th  among e m p l o y e e s  c o s t s  m o n e y ,  and the ben f i ts  in s o m e  c a s e s  
m a y  be intangible.* Yet  the p r o v i s io n  of a good working en v i r o n m e n t  points to c o n ­
t inued product ion,  the i n c r e a s e d  opportunity  to produce at a g r e a t e r  ra te ,  and in 
at tr ac t ing and holding good w o r k m e n  in the  industry .  It has  b ee n  sa id  that "produc­
t ion c o m e s  f r o m  people".  Prov id in g  a c le a n  and heal thful  p la ce  where  people  m ay  
w o r k  c e r t a in l y  b en e f i ts  product ion.
INDUSTRIAL HYGIENE SERVICES
W here  ar e  the s e r v i c e s  of  In dus tr ia l  H yg iene  avai lab le?  Many s t a t e s  have e s t a b l i s h ­
ed b u reau s  of  in d u s tr i a l  h yg ie n e  within  t h e i r  s tate d ep ar tm ent  of  heal th  o r  d e p a r t -
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ment  of labor ,  and these  groups are ready to advise  industry  on p rob lems  of the 
working envi ro nmen t .  A few insurance  co m p a nie s  s taff  industr ia l  hygiene  p e r ­
son nel  who are mad e avai lable  to a s s i s t  their compensat ion r i s k s .  S ev era l  large  
c o m p a n ie s  maintain  their own industria l  hygiene  gro u p s .  In addition to these  p e o ­
ple,  there  are a few private  consu ltant s ,  both as indiv iduals  and as groups ,  in the 
f ield of industr ia l  hyg iene .
It m a y  be that the R e in fo rced  P l a s t i c s  Industry would co n s i d e r  the s e r v i c e s  of a 
consu ltant  on the subjec t  of  industr ia l  hygiene  to conduct  a s u rvey  of a r e p r e s e n t ­
at ive  number of m e m b e r  organ iza t ion s  of this group. Such a p erson  might  we l l  
be s ta f fed by the S oc i e ty  of the P l a s t i c s  Inudstry.  He could a s c e r t a i n  the s tatus  
of va r io u s  p r o c e s s e s  f r o m  the s tandpoint  of em p lo y e e  heal th  m ai n te n an ce ,  d e t e r ­
m in e  w h ere  p re ven t iv e  m e a s u r e s  m ay  be taken agai ns t  potentia l i l l n e s s  and d e ­
v e l o p  a d v ic e s  leading to a cont inued production with the avoidance  of both health  
and nu is an ce  p r o b l e m s .  Of part icula r  value would be consu ltat io n  with the Indus­
t r ia l  H y g ie n is t  when new p r o c e s s e s  or  new c h e m i c a l s  are ant ic ipated,  so that 
p r eca u t io n a ry  p r o v i s io n s  for a good work en vi ro n m en t  can be e s ta b l i sh ed  wel l  
in advance  of product ion.  T h is ,  then is  the chal lenge  for m od ern  industry .
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Q U E S T I O N  - P r e s e n t e d  by  C a l h o u n  S h o r t s ,  P a c i f i c  P l a s t i c s  C o .

Is the i tching cau sed  by g l a s s  f ib e r s  a m e c h a n ic a l  or  toxic e f f e c t ?  
ANSWER - By W il l i am R. Bra dley ,  A m e r i c a n  Cyanamid  Co.

The s o - c a l l e d  itching that has  o c c u r r e d  when handl ing f iber  g l a s s  
under dusty  cond it ions  has  b e e n  shown to be e n t i r e l y  a m e c h a n i c a l  
e f f e c t .

QUESTION -  P r e s e n t e d  by Wil l iam C r u s e ,  The S o c i e ty  of the P l a s t i c s  Industry
A r e  you fa m i l i a r  with a bi l l  now bpfore  C o n g r e s s  which w i l l  prohibi t  
the u se  of c e r t a in  c h e m i c a l s  in the food p r o c e s s i n g  in d u s tr i e s?

ANSWER - B y  W il l ia m  R. B ra d le y
I a m  not f a m i l i a r  with d e ta i l s  of  su ch  a p rop o sa l .  H o w e v e r ,  it would  
s e e m  to be m o r e  a q u es t i o n  of r e s i d u a l  co n cen t ra t io n  of c h e m i c a l s  to 
be p e r m i t t e d  rather  than out lawing c e r t a in  c h e m i c a l s  in the food p r o ­
c e s s i n g  in d u s t r i e s .  The human body i s  su ch  a c o m p l e x  c h e m i c a l  plant  
that a r b i t r a r i l y  prohibi t ing  u se  of c h e m i c a l s  without  su ff ic ie nt  t o x i c o l ­
o g i c a l  s tudy would be u n w is e .

QUESTION - P r e s e n t e d  by Ro ber t  B. White ,  L a m in ated  P l a s t i c s ,  Inc.
Is ther e  any danger  f r o m  inhal ing s t y r e n e  f u m e s ?

ANSWER - By W i l l i a m  R. B ra d le y
S t y r e n e  vapor ma y be inhaled  in co n cen t ra t io n  up to 400 p .p .m .  for  
long p er io ds  of t im e  without  much opportunity for h a r m .  S t y r e n e ,  when  
a b s o r b e d  in the blood,  is  rapidly  d e to x i f i ed .

QUESTION - P r e s e n t e d  by F.  H. H u m p h r e y ,  F l e e t  F i b e r l a s t ,  Ltd.
(1) Can c a s e s  of d e r m a t i t i s  be c a u s e d  by m o n o m e r i c  s t y r e n e ?  (2) Can 
you r e c o m m e n d  a s p e c i f i c  type of skin  c r e a m ?

ANSWER - By  W i l l ia m  R. B r a d le y
(1) S ty r e n e  can c a u s e  d e r m a t i t i s  f o l lo win g p r o m i s c u o u s  u se  and h an d l­
ing that would involve  cont inued  c on tac t  with the sk in .  S ty ren e  m a y  re 
m o v e  the natural  fat of the sk in .  (2) W a t e r - i n s o l u b l e  type c r e a m s .

QUESTION -  P r e s e n t e d  by J a m e s  Lunn, Lunn L a m in a t e s
F ro m  the s tandpoint  of  in d u s tr i a l  h y g ie n e ,  what a r e  the m o s t  s e r i o u s  
p r o b l e m s  to c o n s i d e r  in the f i e ld  of  R e i n f o r c e d  P l a s t i c s ?

ANSWER -  B y  W i l l i a m  R. B r a d l e y
In m y  opinion the m o s t  s e r i o u s  heal th  e x p o s u r e  p r o b le m  in the R e i n ­
f o r c e d  P l a s t i c s  ind u s tr y  is  the oppor tunity  for i n t e r m i t t e n t  inhal at ion  
of  toxic  d usts  and v a p o r s .
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