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PREFACE

T h e  Occupational Safety and  H ealth  A ct of 1970 emphasizes the  need for 
standards to protect  the health  and safety of workers exposed to an ever-increasing 
num ber of potential hazards at their workplace. T he  N ational Institute for O ccu 
pational Safety and H ealth  has projected a formal system of research, with priorities 
determined on the basis of specified indices, to provide relevant data  from  which 
valid criteria for effective standards can  be derived. Recom m ended  standards for 
occupational exposure, which are  the result of this work, are based on the health  
effects of exposure. T he  Secretary of L ab o r  will weigh these recom m endations 
along with other considerations such as feasibility and means of implementation 
in developing regulatory standards.

It  is intended to present successive reports as research and epidemiologic studies 
are completed and sampling and analytical methods are developed. Criteria and 
s tandards will be reviewed periodically to ensure continuing protection of the 
worker.

I am  pleased to acknowledge the contributions to this report on para th ion  by 
members of my staff, the valuable and constructive comm ents presented by the 
Review Consultants on Parathion, by the  ad  hoc committees of the American 
A cadem y of Occupational M edicine and the A m erican Conference of G overnm ental  
Industrial Hygienists, by Robert  B. O ’Connor, M .D .,  N IO S H  consultant in occu
pational medicine, and by Bruce J. Held on respiratory protection. The  N IO S H  
recommendations for s tandards are not necessarily a consensus of all consultants 
and professional societies tha t  reviewed this criteria docum ent on parath ion. Lists 
of the N IO S H  Review Com mittee members and of the Review Consultants appear 
on the following pages.

Jo hn  F. Finklea, M .D.
Director, National institute for 

Occupational Safety and Health



T he  Division of Criteria D ocum entat ion  and  Standards Developm ent, National 
Institute for Occupational Safety and Health, had  prim ary  responsibility for de
velopment of the criteria and  recom m ended  s tandard  for parathion. T he Division 
review staff for this docum ent consisted of J. H enry  Wills, Ph .D ., H e rb e r t  E. 
Christensen, D.Sc., and  R ichard  A. Rhoden , Ph.D ., with Charles C. Hassett,  Ph.D . 
and Seymour D. Silver, Ph.D . (consultants).
T he Sequoia G roups, Berkeley, California, developed the basic information  for 
consideration by N IO S H  staff and consultants  under  con tract  N o. H SM -99-72-35 . 
Jon  R. May, Ph.D ., had  N IO S H  program  responsibility and  served as criteria 
manager.
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I. RECOMMENDATIONS FOR A PARATHION STANDARD
T h e  N ationa l  Insti tu te  for O c c u p a t io n a l  Safety 

and  H ea lth  (N IO S H ) re c o m m e n d s  th a t  em ployee  
exposure  to  p a ra th io n  in the  w o rk p lac e  be  c o n 
tro lled  by a d h e re n c e  to  the  following sections. The  
s ta nd a rd  is designed  to  p ro te c t  the  h ea l th  an d  
safety o f  w orkers  for up  to  a 10-hour w ork  shift, 
4 0 -h ou r  w o rk w eek  during  a  w ork ing  lifetime. 
C o m p lian ce  with all sections  o f  the  s ta nd a rd  
should  p rev en t  adverse  effects  by p a ra th io n  on  the  
hea l th  a n d  safety o f  em ployees . T h e  s ta nd a rd  is 
m easurab le  by tech n iq u es  th a t  a re  valid, 
rep ro d u c ib le ,  an d  available  to  industry  an d  g o ve rn 
m e n t  agencies .  Suff ic ient techno logy  exists to  p e r 
m it co m p lian ce  with the  re c o m m e n d e d  s tandard .  
T he  c r i te r ia  and  s ta nd a rd  will be  sub jec t  to  review 
and  revision as necessary .

“ P a ra th io n ” is de f ined  as 0 ,0 - d ie th y l  O-p- 
n itropheny l  p h osp h o ro th io a te ,  regard less  o f 
p ro d uc tio n  process ,  a lone  o r  in co m b in a t io n  with 
o th e r  co m p o u n d s .  “ O c cu p a t io n a l  exposu re  to 
p a ra th io n ” is de fined  as e m p lo y m e n t  in any  a rea  
in which p a ra th io n  o r  m a te r ia ls  con ta in ing  
p a ra th ion ,  a lone o r  in c o m b in a t io n  with  o th e r  su b 
s tances,  is p ro d u c e d ,  p ackaged ,  p rocessed ,  mixed, 
b lended ,  hand led ,  s to red  in large quan ti t ies ,  o r  a p 
plied. If em ployees  a re  po ten tia lly  exposed  to 
o th e r  chem ica ls ,  such  as pes tic ide  vehicles, 
d iluents ,  o r  emulsifiers, or o th e r  pesticides ,  p rov i
sions o f  any applicab le  s tandards  fo r  such  o th e r  
chem ica ls  shall also be followed. A d h e re n c e  to  all 
provisions o f  the  s ta nd a rd  is re q u i re d  in w o rk 
places using p a ra th io n  regardless  o f  the  a i rbo rne  
p a ra th ion  co n c e n t ra t io n  because  o f  serious effects 
p ro d uc ed  by c o n ta c t  with  the  skin, m u co u s  m e m 
branes,  and  eyes. Since p a ra th ion  d o es  no t  irri ta te  
o r  bu rn  the  skin, no  w arn ing  o f  skin ex posu re  is 
likely to  occu r .  H ow ever,  p a ra th io n  is readily  a b 
so rbed  th rou g h  the  skin, m u co u s  m e m b ra n e s ,  and  
eyes an d  p resen ts  a  po ten tia lly  g re a t  d an g e r  from  
these  avenues  o f  abso rp tion .  It is ex trem ely  im p o r
tan t  to  em phasize  th a t  available ev idence  ind icates  
tha t  the  g rea tes t  d a n g e r  to em p lo y ees  exposed  to 
p a ra th io n  is from  SKIN C O N T A C T .

Section 1— Environm ental (W orkplace Air)
(a )  C o n c e n t ra t io n
O ccu p a t io n a l  exposure  to  p a ra th io n  shall be 

con tro l led  so th a t  n o  em ployee  is exposed  to 
p a ra th ion  in a c o n c e n t ra t io n  g re a te r  tha n  0.05 
m g /m 3 o f  air d e te rm in e d  as a t im e-w eigh ted  
average (T W A ) exposure  for up  to  a 10-hour 
work  shift an d  a 4 0 -h o u r  w orkw eek .

( b )  Sam pling  a n d  Analysis 
P ro c e d u re s  fo r  co l lec tion  a n d  analysis o f  e n 

v ironm enta l  sam ples  shall be as p ro v id ed  in A p 
pend ices  I a n d  II o r  by  any  m e th o d  show n to  be at 
least eq u iva len t  in a cc u ra cy ,  p rec is ion ,  an d  sen 
sitivity to  those  specified.
Section 2 — M edical

M edica l surveil lance (b io log ic  m o n i to r in g  and 
m edica l  m a n a g e m e n t )  shall be m a d e  available  to 
w orkers  as ou tl ined  below. Physic ians responsib le  
for w orkers  who m ay  be o c cu p a t io n a l ly  exposed  to 
p a ra th io n  should  be fam iliar  with  th e  in fo rm ation  
c o n ta in e d  in A p p en d ix  IV w hich  desc r ibes  the  
diagnosis  a n d  t r e a tm e n t  o f  in tox ica tion  by this 
c o m p o u n d .

( a )  M ed ica l  E x am ina t ions
(1 )  P re p la c e m e n t  an d  per iod ic  m ed ica l  ex 

am in a t ion s  shall include:
( A )  C o m p re h e n s iv e  initial o r  in terim  

m edical  a n d  w ork  histories.
(B )  A physical  exam in a t ion  which shall 

be d i re c te d  tow ards,  b u t  n o t  l im ited  to ,  ev idence  
o f  f re q u e n t  h e a d a c h e s ,  dizziness, nau sea ,  t ightness 
o f  the  ches t ,  d im ness  o f  vision, an d  difficulty in 
focusing the  eyes. T h o se  w orkers  w ith  a  h is tory  o f  
g laucom a, c a rd io v ascu la r  d isease ,  h e p a t ic  disease , 
renal d isease ,  o r  c en tra l  n e rvous  system  a b n o rm a l i 
ties shou ld  be co n s id e re d  fo r  exclusion  f rom  as
s ignm ents  requ ir ing  ex p o su re  to  pa ra th ion .

( C )  Initial m ed ica l  exam in a t ion s  shall be  
m a d e  available  to  all w o rk e rs  w ith in  60  days o f  the  
p ro m u lg a tio n  o f  this re c o m m e n d e d  s tandard .

(D )  Period ic  exam in a t ion s  shall be m ade  
available  o n  an  an nua l  basis o r  a t  so m e  o th e r  in 
terval d e te rm in e d  by the  responsib le  physician.

( E )  D e te rm in a t io n ,  a t  the  t im e o f  the  
p re p la c e m e n t  ex am ina t ion ,  o f  a  baseline  o r  w o rk 
ing base l ine  e ry th ro cy te  cho lines te rase  activity 
(See Sec tion  (b )  Biologic M on ito r ing ) .

(F )  A ju d g m e n t  o f  the  w o r k e r ’s physical 
ability to  use negative  o r  positive p ressu re  resp ira 
tors  as de f ined  in 29 C F R  1910.134.

(2 )  E m erge nc y  first-aid serv ices shall be 
es tab lished , u n d e r  the  d irec t io n  o f  th e  responsib le  
physician , to  prov ide  c a re  to  any  w o rk e r  acu te ly  
in tox ica ted  by p a ra th io n  (See A p p en d ix  IV).

( 3 )  A p p ro p r ia te  m edica l  serv ices  a n d  su r
veillance shall be p ro v id ed  to  any  w o rk e r  with  a d 
verse h ea l th  e ffects  reasonab ly  as su m ed  o r  show n 
to be due  to  o ccu p a t io n a l  ex p o su re  to  para th ion .

(4 )  M edica l re c o rd s  shall be m a in ta ine d  for
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all w orkers  o ccupa t iona l ly  exposed  to  p a ra th io n  
and  such reco rds  shall be k ep t  for a t  least 5 years 
a f te r  te rm ina t ion  o f  em ploym en t .

(5 )  P e r t in en t  m edica l  in fo rm ation  shall be 
available to  the  des igna ted  m edical  rep resen ta t ives  
o f  the Secre ta ry  o f  H ealth ,  E d uc a tio n ,  an d  W el
fare, o f  the Secre ta ry  o f  L abor,  o f  the  em p lo y ee  or 
fo rm er  em ployee ,  and  o f  the  em ployer .

(b )  Biologic M onitor ing
(1 )  Definitions

(A )  “ P reexposu re  b a se l in e ” for e ry th ro 
cyte cho lines te rase  is de f ined  as the  m e an  o f  2 
cho lines te rase  activity  d e te rm in a t io n s ,  ea c h  of 
which is derived  f rom  a sep ara te  sam ple  o f  b lood 
taken  a t  least I day  a p a r t ,  a f te r  a pe r iod  o f  a t  least 
60 days w ithout  kn ow n  ex posu re  to  any 
cholineste rase-inhib i t ing  co m p o u n d s .  If the  d e te r 
m inations p ro d u c e  values d iffering by m o re  than 
15%, additiona l d e te rm in a t io n s  on new sam ples  
m ust be p e rfo rm ed  until  successive tests d o  not 
d iffer by m o re  tha n  1 5%.

(B )  “ W ork ing  b a se l in e ” for e ry th rocy te  
cho lines te rase  is de f ined  as the  m e an  o f  2 
ch o lines te rase  activity  de te rm in a t io n s ,  e a c h  of 
which is derived  f rom  a sep ara te  sam ple  o f  b lood 
tak en  a t  least  1 day a p a r t  an d  differing by no  m ore  
than  15%, o r  the  a r i thm e t ic  m e an  o f  norm al values 
for an  ap p ro p r ia te  co n tro l  popu la t ion  o f  adu lts  for 
tha t  labora to ry ,  w h icheve r  is h igher. A “ working 
b a se l in e” is d e te rm in e d  only fo r  an individual 
w hose w ork  history does  no t  p e rm it  a p reexposure  
baseline to  be d e te rm in e d  as specified  in p a ra 
g raph  (b ) (  1 ) (A )  o f  this section.

(C )  “ M ean  o f  no rm al  v a lu e s” is defined 
as the  a r i thm etic  m e an  o f  e ry th rocy te  
ch o lines te rase  activities  for hea l thy  adu lts  as d e te r 
m ined  by the  la b o r a to ry ’s e x p e r ien ce  with re 
pea ted  analyses, bu t  w hich  is n o t  inconsis ten t  with 
the  m e an  baseline activ it ies  p re sen ted  in T ab le  XI- 
2 o f  A ppend ix  III.

(2 )  R ou t ine  M onitor ing
(A )  All em ployees  w ho  a re  to  be o c c u p a 

tionally exposed  to p a ra th io n  shall have p re e x p o 
sure e ry th ro cy te  cho lines te rase  baselines  d e te r 
m ined  w h en ev e r  the ir  w ork  history  allows an  a c c u 
rate  p reex p o su re  d e te rm in a t io n ,  as specified in 
pa rag rap h  ( b ) ( 1 ) ( A )  o f  this section. T hose  new 
em ployees  with work  his tories  p rec lud ing  p re e x p o 
sure baseline cho lines te rase  d e te rm in a t io n s  shall 
have working baseline d e te rm in a t io n s  perfo rm ed .

(B )  W ith in  60 days a f te r  the  effective 
da te  o f  a  s ta nd a rd  based  on  this reco m m e n d a t io n ,  
all p resen t  em ployees  o ccupa t iona l ly  exposed  to 
p a ra th ion  shall have w ork ing  base l ine  e ry th rocy te  
cho lines te rase  activity d e te rm in ed .

(C )  S u b seq u en t  to the  d e te rm in a t io n  o f  a 
p reexposure  o r  w ork ing  baseline, ea c h  em ployee  
o ccupa t iona l ly  exposed  to  p a ra th io n  shall have his 
e ry th ro cy te  cho lines te rase  activity  d e te rm in e d  at 
4-week intervals , e x c e p t  for those  em ployees  in 
the following o ccupa t ions :  ( 1 )  mixers, loaders ,  
g round  ap p lica to rs ,  flaggers, a n d  m a n u fa c tu r in g  or 
fo rm ula t ing  em ployees  w ork ing  with o th e r  than  
closed p ro d uc tio n ,  mixing, b lending, t ransfer ,  and  
packag ing  system s— all o f  w hom  shall be te s ted  a t
1-week intervals. This  1-week interval shall be 
red u ced  to  testing every  3 days fo r  any em ployee  
working with p a ra th io n  fo r  a pe r iod  exceed ing  12 
hours  during  any  w orkday. This sh o r te r  interval 
shall be m a in ta ine d  until a t  least  on e  en t ire  w o rk 
w eek  has e lapsed  w ith o u t  a w o rk da y  exceed ing  12 
hours, ( 2 )  pe rsonne l  w ho  c lean  o r  repa ir  e q u ip 
m ent  o r  c lean  p a ra th ion  spills an d  aeria l  ap p lica 
tors (ie, agricu ltura l  p ilo ts)  n o t  engaged  in loading 
o p e ra t io n s  shall be te s ted  at 2 -w eek  intervals.

( D )  U n a c c e p ta b le  ab so rp tio n  o f  
p a ra th io n  indicating a failure o f  con tro l  
p ro c e d u re s  a n d /o r  work  p rac t ices  is d e m o n s t ra te d  
when the  enzym ic activity  o f  e ry th rocy te  
cho lines te rase  is d e c re a se d  to  b e tw e e n  60-70%  o f  
the e m p lo y ee 's  p re e x p o su re  base l ine  o r  w ork ing  
baseline level. T h e  em p lo y ee  shall be advised  of 
this finding and  an  industria l  hygiene survey shall 
be c o n d u c te d  in the  w o rk p lac e  o f  the  a ffec ted  e m 
ployee unless the  cause  o f  the  ex posu re  is know n 
an d  c o r rec t iv e  ac t io n  has  b een  init ia ted. This  su r
vey shall inc lude  an  assessm ent o f  the  de rm al  ex 
posu re  po ten tia l .  Based on  the  results  o f  this su r
vey. necessa ry  c o r rec t iv e  ac t ion  shall be a c c o m 
plished.

In add it ion  an  em p lo y ee  w hose  e ry th ro cy te  
cho lines te rase  d e te rm in a t io n ,  as  req u i red  by p a ra 
g raph  ( b ) ( 2 )  o f  this sec t ion  o r  ( a ) ( 5 )  o f  Sec tion  6, 
ind icates  th a t  his e ry th ro cy te  cho lines te rase  activ i
ty is d e c re a se d  to  60%  o r  below  o f  his p reex p o su re  
baseline o r  w ork ing  basel ine  shall be  rem oved  
from  po ten tia l  ex posu re  to  p a ra th io n  an d  p laced  
u n de r  m ed ica l  obse rva tion .  In such  cases, a n  in
dustrial hygiene survey shall be  c o n d u c te d  in the  
w orkp lace  o f  the  a ffe c te d  em p lo y ee  unless the 
cause  o f  the  ex posu re  is know n  an d  co rrec t ive  a c 
tion has been  taken .  This  survey shall inc lude  an  
assessm ent o f  the  de rm al  ex p o su re  potential.  
Based on the  results o f  this survey  n ecessary  c o r 
rective ac t io n  shall be  accom plished .

( E )  An em plo y ee  w ho  has  b een  rem oved  
from  p a ra th io n  ex p o su re  shall n o t  be a llow ed to 
re tu rn  to w ork  involving o ccu p a t io n a l  p a ra th ion  
exposu re  until his e ry th ro cy te  cho lines te rase  a c 
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tivity has re tu rn e d  to  a t  least 75%  o f  the  w ork ing  
o r  p reex p o su re  baseline  values o r  unless the  
responsib le  physician  has app ro v ed  his re tu rn .

( F )  Each  em ployee  shall be  given a  copy  
o f  the  resu lts  o f  his initial a n d  p er io d ic  tests, and 
o f  any  special cho lines terase  tes t  results  as soon  as 
possible a f te r  the  tes t,  p lus an  in te rp re ta t ion .

(3 )  Blood C o l lec t ion  a n d  Analysis
P ro c e d u re s  for co llec tion  a n d  analysis o f  b lood  

samples fo r  RBC C h E  activity shall be  as p rov ided  
in A ppendix  III o r by any  m e th o d  show n to  be  at 
least equ iva len t  in accuracy ,  p rec is ion , an d  sen 
sitivity to  those  specified.
Section 3 — Labeling and Posting

( a )  Labeling
C o n ta ine rs  o f  p a ra th io n  used  in the  w orkp lace  

shall be labeled  with a t  least the  following infor
mation:

D A N G E R !  P O IS O N  
C O N T A IN S  P A R A T H IO N

E X T R E M E  H E A L T H  H A Z A R D  (includes skin)
f If  Swallowed

C A N  BE F A T A L  j If  Lef t  on Skin
[ If  H ea ted  and Inhaled

If p a ra th io n  is dissolved in a  com bus t ib le  solvent, 
the  label shall include a s ta te m e n t  o f  f lam m a- 
bility a p p ro p r ia te  to the  solvent.

T h e  following list o f  safe w ork  p rac t ices  and 
em erg en cy  in form ation  shall be m a d e  available to 
eac h  em ployee  as inform ationa l  m aterial .

SAFE WORK PRACTICES
D o N O T  breathe vapor,  mist, o r  dust o r  allow to get 

into eyes, on  skin, or  on clothing. D o  not rub eyes or 
face with hands or  clothing.

W hen possibility of  co ntac t  exists:
W ear  full-body coveralls or  impervious apron , goggles, 

impervious boots and gloves, and, if required, 
a  respirator.

W A R N I N G  —  C an penetra te  leather o r  canvas shoes 
and  sneakers.

Use fresh clothing daily.
Shower with soap and water  before leaving work.

D o  not w ear  w ork  clothes hom e.
W ash  hands thoroughly  with soap and w ater  before  ea t
ing, chewing gum, smoking, defecating, o r  urinating. 
Store food and  tobacco away from  w o rk  area. Keep 
containers  tightly closed whenever unat tended . P rotec t 
concen tra ted  para th ion  from all sources of  ignition. D o  
not w arm  concen tra ted  para th ion  containers  with open 
flame. D o  not smoke while handling para th ion .

EMERGENCY INFORMATION

If liquid gets  o n  skin, w ash im m edia te ly  
w ith  a lkaline so ap  and  w a te r  an d  call a  
physician . If c lo thes  b e c o m e  c o n 
tam in a ted ,  rem o ve  a t  o n ce .  T h e n  wash 
y o u r  body  with soap  and  w a te r  an d  call a  
physician . If  s ickness  o c c u rs  while h a n 
d ling m ate r ia ls  con ta in ing  pa ra th io n ,  or  
a f te r  hand ling  such  m ate ria ls ,  call a  physi
cian . N O T E: Poisoning  sym p tom s may 
o c c u r  several h o u rs  a f te r  w ork  ends. If 
possible , take  this  label to  the  physician  
a long  with the  patient .

IN C A S E  O F  FIRE , use supplied-air  
resp ira tor .  Burn ing  m ay p ro d u c e  highly 
po isonous  c o m b u s t io n  p roduc ts .
In case  o f  spills, a cc id en ta l  d ischarges,  
leaks , rup tu res ,  o r  o th e r  sources  o f  c o n 
tam in a t io n  o f  eq u ip m e n t ,  facilities, o r 
g ro u nd , p lace  c o n ta m in a te d  a re a  o r  item s 
u n d e r  c o n t in u o u s  su rveil lance, the n  d e c o n 
tam in a te  with  s trong  alkali o r  o th e r  su i ta 
ble d e c o n ta m in a t in g  m ateria ls .

(b )  Posting
( 1 ) T h e  fo llowing sign shall be  p o s ted  in a 

readily visible loca t ion  a t  o r  n e a r  all e n t ra n c e s  to 
m a nu fac tu r ing ,  fo rm ula t ing ,  a n d  s to rage  a rea s  in 
which  th e re  is o c c u p a t io n a l  ex p o su re  to  pa ra th ion :

P O IS O N  A R E A  
P A R A T H IO N

f If  Swallowed
C A N  B E  F A T A L  J I f  Left  o n  Skin

[ If  H e a ted  and Inhaled
Use requ ired  personal protec tive eq u ipm ent 

and  clothing.
If S K IN  co ntact  occurs, wash immediately

with alkaline soap and  w ater  and call a physician.
If  C L O T H E S  are co n tam inated ,  go to a clean a rea  

and  rem ove quickly.
W ash  skin with  soap and  water.

P u t  on  clean clothes and  call a physician.
D O  N O T  S M O K E , E A T ,  O R  S L E E P  IN  A R E A .

W arn in g  signs shall be  p r in ted  in English a n d  in 
the  p re d o m in a n t  lan gu ag e  o f  non-Eng lish -read ing  
em ployees .  E m ployees  unab le  to  read  posted  
warn ings a n d  labels  an d  those  un fam il ia r  w ith  E n 
glish o r  w ith  th e  p re d o m in a n t  non-Eng lish  lan 
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guage shall rece ive  period ic  tra in ing  suffic ient to 
ensu re  the ir  u n de rs tan d in g  o f  the  c o n te n ts  o f  the 
label and  p o s te r  specified  in this sec t ion , a n d  to 
prov ide  a con tinu ing  re m in d e r  o f  the se  con ten ts .

(2 )  T he  following p o s te r  shall be securely  
a t tach ed  beside  the  e n t ra n c e  to  any  vehic le  (eg, 
truck ,  fre igh t c a r )  u sed  to  t ra n sp o r t  p a ra th io n  a t  
all t im es th a t  p a ra th io n  is co n ta in e d  there in:

D A N G E R  —  PO ISO N  
C O N T A IN S  P A R A T H I O N

IF  L IQ U ID  O R  P O W D E R  H A S L E A K E D , 
D O  N O T  E N T E R

C A N  B E  A B S O R B E D  T H R O U G H  SKIN 
O R  BY  B R E A T H IN G

IF  SK IN  C O N T A C T  O C C U RS,
W A SH  IM M E D IA T E L Y  

W IT H  A L K A L IN E  SO A P A N D  W A T E R  
A N D  C A L L  A  D O C T O R  A T  O N C E

Section 4 — Personal Protective Equipm ent and 
Protective Clothing

(a )  Skin P ro tec t io n
( 1 )  Unless separa te ly  p rov ided  in this sec

tion, an em ployee  w ho  engages in filling, pouring , 
mixing, fo rm ulat ing , loading, applying, o r  o th e r 
wise hand ling  p a ra th ion  (inc lud ing  in open-sys tem  
m a nu fa c tu r in g  p rocesses )  shall be  p rov ided  with, 
and  requ ired  to  w ear,  p ro tec t ive  h ead  covering; 
goggles o r  face shield; im perv ious  gloves; full-body 
coveralls, im perv ious a p ro n ,  o r  im perv ious  rain- 
suit; and  im perv ious foo tw ear.  Im perv ious  gloves 
should  have reverse  gaun tle ts  and  coveralls  should  
be o f  a c losely-woven m ate ria l  (s i liconized fabric 
[nylon o r  c o t to n ]  is especially  p ro te c t iv e )  w ithou t  
cuffs. W h e n e v e r  the  w ord  im perv ious  ap p ea rs  in 
this d o c u m e n t ,  it m e an s  highly res is tan t  to the  
pen e t ra t io n  o f  para th ion .

(2 )  E m ployees  hand ling  sea led , nonleak ing  
con ta ine rs  o f  p a ra th io n  shall be  p rov ided  with, and  
requ ired  to  wear, full body  coveralls  an d  im perv i
ous gloves.

(3 )  Em ployees  o p e ra t in g  o p e n  eq u ip m e n t  
for g ro u nd  (n on -ae r ia l )  app lica t ion  o f  p a ra th ion  
shall be p rov ided  with, and  req u i red  to  w ear,  a  
p ro tec tive  head  covering, p referab ly  w ide-b rim m ed  
and  w a terp roof ,  o r  face shield, im perv ious  gloves, 
full-body coveralls  o r  an  im perv ious  rainsuit,  and  
im pervious footwear.

(4 )  E m ployees  applying p a ra th io n  by 
c lo sed-cockpit  a i rc raf t  shall be p rov ided  with im

perv ious gloves. E m ployees  apply ing  p a ra th io n  by 
op en -c o c k p i t  a i rc ra f t  shall be  p rov ided  with, and  
requ ired  to  w ear,  fu ll-body coveral ls  o r  im perv ious  
rainsuit,  goggles, an d  im perv ious  gloves.

( 5 )  E m ployees  ac t ing  as flaggers (o th e r  
than  those  flagging from  en c lo su re s )  in the  aerial 
app lica t ion  o f  p a ra th io n  shall be  p rov ided  with, 
an d  req u i red  to  w ear,  full-body coveralls  o r  im p e r 
vious rainsuit ,  a p ro te c t iv e  h e a d  an d  n e c k  covering  
(p re fe rab ly  w ide -b r im m ed  a n d  w a te rp ro o f) ,  im p e r 
vious foo tw ear ,  an d  im perv ious  gloves.

( 6 )  W h e re  toxic res idues  p re se n t  a  re a so n a 
ble p o ten t ia l  fo r  exposu re ,  em p lo y ees  en te r ing  
a reas  t r e a te d  with  p a ra th io n  shall be p rov ided  
with, a n d  req u i red  to  w ear ,  im perv ious  gloves, full- 
body  coveral ls  o r  im perv ious  ra insuit ,  face  shield  if 
foliage is likely to  c o n ta c t  the  face ,  an d  im perv ious 
foo tw ear.

( 7 )  E m ployees  (su ch  as c le a n u p  p e rso n ne l)  
en te r ing  a reas  c o n ta m in a te d  with  p a ra th io n  shall 
be p ro v id ed  w ith, an d  req u i red  to  w ear ,  im perv i
ous gloves, full-body coveral ls  o r  im perv ious  ra in 
suit, im perv ious  foo tw ear ,  im perv ious  ap ro n ,  and 
such o th e r  personal  p ro tec t ive  e q u ip m e n t  as may 
be req u ired  fo r  a d e q u a te  p ro te c t io n  against  the  
p a r t ic u la r  hazards  p resen ted .

( 8 )  L au n dry  p erso n ne l  hand ling  c lo th ing  
c o n ta m in a te d  with  p a ra th io n  shall be p rov ided  
with, a n d  requ ired  to  w ear ,  im perv ious  gaun tle t  
gloves, im perv ious  shoes, and , in ad d it ion  to  o rd i
nary  c lo thes ,  an  im perv ious  ap ron .

(9 )  T h e  em p lo y e r  shall en su re  tha t  all p e r 
sonal p ro te c t iv e  dev ices  a re  in sp ec ted  regularly  
an d  m a in ta ine d  in c lean  an d  sa tis fac to ry  w ork ing  
condit ion .

(1 0 )  P ro tec t ive  c lo th ing  shall n o t  be  tak en  
h o m e  by em ployees . T h e  e m p lo y e r  shall provide  
for m a in te n a n c e  an d  launder ing  o f  p ro tec tive  
clothing.

(b )  R esp ira to ry  P ro tec t io n
( 1 ) Engineering  con tro ls  shall be used 

w h erev e r  feasib le  to  m a in ta in  a i rb o rn e  p a ra th ion  
c o n c e n t ra t io n s  below  the  w o rk p lac e  air limit 
specified  in Section  1 (a) .  C o m p lia n c e  with the 
w orkp lace  en v iron m en ta l  limit m ay no t  be 
ach ieved  by the  use o f  re sp ira tors  except:

(A )  D uring  the  installa tion , testing, m a in 
ten an ce ,  o r  repa ir  o f  requ ired  eng inee ring  c o n 
trols.

(B )  F o r  n o n ro u t in e  op e ra t io n s ,  such  as 
m a in te n a n c e  o r  rep a ir  activities, w h e re  b r ie f  expo 
sure to  p a ra th io n  a t  c o n c e n t ra t io n s  in excess  o f  
the  perm issible  ex posu re  limit co u ld  occu r.

(C )  D uring  em ergencies .
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(2 )  W h en  a  resp ira to r  is p e rm it ted  by p a ra 
graph  ( b ) ( 1 )  o f  this sect ion , it shall be se lec ted  
and  used in a c c o rd a n c e  with the  following re q u i re 
ments:

(A )  F o r  the  pu rpose  o f  d e te rm in ing  the  
type o f  resp ira to r  to  be used, o th e r  than  supplied- 
air positive p ressure  resp ira tors ,  the  em p lo y e r  shall 
m ake  a  d e te rm in a t io n  o f  the a tm o sp h e r ic  c o n c e n 
tra tion  o f  p a ra th io n  in the w o rk p lac e  initially (an d  
the rea f te r  w henever  p e r t in en t  w ork ing  cond it ions  
are  a l te re d )  and  shall ch oose  the  ap p ro p r ia te  
resp ira tory  p ro tec tive  device specified  in T ab le  1-1. 
T h e  e m p lo y e r  shall ensure  tha t  no  em ployee  is 
being exposed  to  p a ra th io n  in excess  o f  the  limit 
specified in Section  1(a) b ecau se  o f  im p ro p e r  
resp ira tor  selection, fit, use, o r  m a in te n a n c e ,  o r 
because  o f  changes  in w ork ing  conditions .

(B )  Em ployees  exper ienc ing  b rea th ing  
difficulties while w earing re sp ira to ry  p ro tec tive  
devices shall be medically  ex am in ed  to  d e te rm in e  
the ir  ability to  w ear  such  devices. If it is d e te r 
m ined  tha t  an em ployee  can n o t  b re a th e  a d e q u a te 
ly while w earing  a resp ira to r ,  the  em p lo y ee  shall 
no t  be a llow ed to  w ork  in any o p e ra t io n  requ iring  
the  use o f  a resp ira tor.  This provis ion  shall no t  re 
lieve the  em plo y er  o f  any o f  the  req u i re m e n ts  o f  
Section  2 (a ) .

(C )  A resp ira to ry  p ro te c t iv e  p ro g ram  
m eeting  the  re q u irem e n ts  o f  29 C F R  1910.134  
and  30 C F R  1 1 w hich  inc o rpo ra te s  the  A m erican  
N ational S tan d a rd  P rac t ices  for R esp ira to ry  P ro 
tect ion  Z 8 8 .2 -1969 shall be es tab lished  a n d  e n 
fo rced  by the  em ployer .

(D )  T he  em plo y er  shall p rov ide  resp ira 
tors  in a c c o rd a n c e  with Tab le  1-1 an d  shall ensure  
tha t  the  em ployee  uses the  resp ira to r  p rov ided .

(E )  R esp ira to ry  p ro te c t iv e  devices 
descr ibed  in Tab le  1-1 shall be those  ap p ro v ed  
u n de r  the  provisions o f  29 C F R  1910 .134  and  30 
C F R  11.

(F )  C anis te rs  o r  car tr idges  shall be 
d isca rded  an d  rep laced  with fresh  can is te rs  o r  c a r 
tridges in a cc o rd  with the  m a n u fa c tu re r ’s specifi
ca tions , o r  if the  o d o r  o f  pa ra th ion ,  pa ra th io n -co n -  
taining form ula t ions ,  d iluents ,  em ulsifiers, o r  sol
vents  is d e te c te d  while using the  resp ira to r ,  o r  if a 
b re a k th ro ug h - in d ica to r  ( i f  any )  ind ica tes  the  a b 
so rben t  is s a tu ra te d ,  w hicheve r  o c c u rs  first. Filters 
shall be c h an g ed  w h en ev e r  can is te rs  o r  cartr idges  
a re  ch an g ed ,  o r  a f te r  every  4 hours  o f  use, o r  if 
b rea th ing  beco m e s  difficult, w h icheve r  o ccu rs  first. 
U nused  can is ters  o r  car tr idges  shall be d isca rded  
and  rep laced  w hen  the  seals a re  b ro k e n ,  o r  o n  the  
exp ira tion  o f  the  m a n u fa c tu re r ’s r e c o m m e n d e d  
s torage life if the  seals a re  un b rok en .

(G )  T h e  em p lo y e r  shall en su re  tha t  
resp ira tors  a re  ad eq u a te ly  c lean ed  a n d  m a in ta ined ,  
and  tha t  em ployees  a re  in s t ruc ted  o n  the  use o f  
resp ira to rs  assigned th e m  an d  on  m e th o d s  for 
leakage  testing.

(H )  R esp ira to rs  specified  for use in 
h igher c o n c e n t ra t io n s  o f  a i rb o rn e  p a ra th io n  may 
be used in a tm o sp h e re s  w ith  low er co n cen tra t io n s .

(I)  R esp ira to rs ,  ex c e p t  co o led  supplied- 
air type, shall no t  be used fo r  m o re  tha n  15 
m inutes  if am b ien t  te m p e ra tu re  ex cee ds  85°F in 
the p a r t ic u la r  w orkp lace ,  ex cep t  in em ergencies .

(J) W h ere  an  em erg en cy  m ay deve lop  
which co u ld  result in ove rex p o su re  o f  em ployees  
to p a ra th io n ,  the  em p lo y e r  shall p ro v id e  re sp i ra to 
ry p ro te c t io n  as ind ica ted  in T a b le  1-1.

(3 )  F o r  p u rp oses  o f  this sec t ion ,  the  app li
ca t ion  o f  p a ra th io n  fo rm u la t ion s  is n o t  to  be c o n 
sidered  a n o n ro u t in e  o p e ra t io n  fo r  w hich  re sp ira 
tors  m ay be  used  in ex p o su re  s itua t ions  w here  the 
env ironm en ta l  limit is ex cee de d .  E ngineer ing  c o n 
trols, such  as en c lo sed  fi l tered-air  t r a c to r  cab ins 
and  a i rc ra f t  cockp its ,  shall be  u sed  w here  th e  e n 
v ironm enta l  cond it ions  e n c o u n te r e d  o r  the  ap p li 
ca t io n  m e th o d  se lec ted  p re se n t  a  reasonab le  
l ikelihood o f  the  en v iron m en ta l  limit be ing  ex 
ceeded .  W h e re  fi l te red-a ir  enc lo su re s  a re  used , air 
levels o f  p a ra th io n  shall be  regularly  m o n i to re d  to 
ensu re  co m p l ia n c e  with  the  s ta nd a rd .
Section 5 — Inform ing Em ployees of H azards from  
Parathion

(a )  Before  w ork  involving o c c u p a t io n a l  ex p o 
sure  to  p a ra th io n  begins,  all new  o r  reassigned  e m 
ployees shall be  in fo rm ed  o f  the  hazards  o f  
pa ra th io n ,  re lev an t  sym p tom s  o f  o v e rex p o su re  to 
pa ra th io n ,  a p p ro p r ia te  e m e rg e n c y  p ro c e d u re s ,  an d  
the  co nd it ions  an d  p re c a u t io n s  re q u i re d  for safe 
handling  o f  pa ra th ion .

(b )  W ith in  30 days a f te r  p ro m u lg a tio n  o f  a 
s tandard  based  on  the se  re c o m m e n d a t io n s ,  all e m 
ployees w hose  du ties  cu r ren t ly  involve po ten tia l  
exposu re  to  p a ra th io n  shall be in fo rm ed  as in p a ra 
graph  (a )  o f  this section .

(c )  A p ro g ram  o f  em p lo y ee  ed u c a t io n  shall 
be ins t i tu ted  within 30 days a f te r  the  effective da te  
o f  a p a ra th io n  s ta nd a rd .  T h e  p ro g ra m  shall be 
designed  to  ensu re  th a t  all em p lo y ees  o c c u p a 
tionally  exposed  to  p a ra th io n  u n d e rs ta n d  an d  
rem ain  aw are  o f  jo b  hazards  as  well as em ergency ,  
m a in te n a n c e ,  an d  c le a n u p  p ro c e d u re s ,  an d  tha t  
they know  how  to  co rrec t ly  use an d  m ain ta in  
resp ira to ry  p ro tec t ive  e q u ip m e n t  an d  p ro tec tive  
c lo th ing. T h e  tra in ing  shall be  r e p e a te d  a t  least a n 
nually a f te r  the  e m p lo y e e ’s initial tra in ing  requ ired
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TABLE 1-1
R ESPIR A T O R  SELECTIO N G U ID E  FO R  PRO TECTIO N  

A G A IN ST  PA R A T H IO N
Concentration of Parathion Respirator Type

0.5 mg/ eu m  or less

2.5 m g /c u  m o r  less

50 m g /c u  m or less

Em ergency 
(includes entry into 
vessels, bins, or  o ther  
containers  which are 
probably  con tam inated  
with pa ra th ion)

Half-m ask pesticide respirator.
or

Type C  supplied-air  respirator, d em and  type (negative
pressu re) ,  with half-mask faccpiece
Fullface gas mask (chin-, chest-, o r  back-m oun ted  type)

or
Type C  supplied-air respirator, d em and  type (negative
p ressu re) ,  with full facepiece.
T ype C  supplied-air  respirator, con tinuous  flow type with 
full facepiece or  suit

or
P ressure-dem and type resp ira tor  with full facepiece and 
im perv ious plastic shroud
Self-contained brea th ing  ap para tus  with positive pressure 
in full facepiece

or
C om bination  supplied-air  respirator,  pressure dem and 
type with auxiliary self-contained air supply

u n de r  this parag raph .
(d )  In addit ion  to  the  req u i re m e n ts  o f  p a r a 

g rap h  ( c )  above, em ployees  o ccupa t iona l ly  ex 
posed  to  p a ra th ion  shall be  k ep t  cu rren t ly  in
fo rm ed  th rou g h  posting  as specified  in Section  
3 (b )  an d  shall be in s truc ted  as to  the  availability 
o f  biologic m onito ring  inform ation . T he  in fo rm a
tion specified  in Sec tion  2 ( b ) ( 2 )  shall be k ep t  on 
file and  shall be readily  accessib le  to  eac h  e m 
ployee a t  o r  n ea r  eac h  w o rk p lac e  w h ere  exposure  
to p a ra th io n  may o ccu r .  In add it ion ,  e a c h  e m 
ployee shall be in fo rm ed  o f  his o r  h e r  biologic 
m onito ring  results as specified  in Section  
2 ( b ) ( 2 ) ( F ) .

( e )  Inform ation  as req u ired  shall be reco rd ed  
on the  “ M ateria l  Safety D a ta  S h e e t” show n in A p 
pendix V, o r  on a  s im ilar  form  a p p ro v ed  by the  
O ccu p a t io n a l  Safety an d  H ealth  A dm in is tra t ion ,  
US D e p a r tm e n t  o f  L abor.
Section 6 — W ork Practices

(a )  E m ergency  P roc ed u res
( 1 ) E ach  em p lo y e r  shall c o n ta c t  an d  advise 

a  physician , or o th e r  n ea rb y  m ed ica l  service, tha t  
an  em erg en cy  arising f rom  ex posu re  to  p a ra th io n  
exposure  c a n  occur.

(2 )  Unless o therw ise  specified  in this p a ra 
g raph ,  em ployees  o ccupa t iona l ly  exposed  to 
p a ra th io n  shall have p rov ided  to th e m  in a  readily  
accessib le  site e i the r  25 gallons o f  w a te r  fo r  eac h

person  o r  100 gallons, w h icheve r  is g rea te r ,  plus 
alkaline so ap  an d  towels, fo r  use in em ergencies .  
E m erge nc y  w a te r  supplies  a re  n o t  requ ired  in 
agricu ltu ra l  a ircraf t.  T ra c to rs  shall have  a t  least  10 
gallons o f  w a te r  s to re d  in c losed  con ta iners .  M ix
ing vehic les shall have  a t  least  20  gallons o f  w a te r  
s to red  in c losed  con ta ine rs .

( 3 )  P a ra th io n -m a nu fac tu r in g ,  -form ulating, 
and  fixed mixing facilities shall have em erg en cy  
showers.

( 4 )  W h e n e v e r  p a ra th io n  co n ta m in a te s  
c lo th ing  o r  personal  p ro te c t iv e  eq u ip m e n t ,  o th e r  
tha n  the  ou ts ide  o f  im perv ious  c lo th ing  o r  re sp ira 
tory  p ro te c t iv e  dev ices ,  the  em p lo y ees  shall m ove 
away from  the  possibility o f  fu r th e r  exposure .  T he  
c o n ta m in a te d  art ic les  shall be im m edia te ly  
rem oved  an d  the  em p lo y ee  requ ired  to  wash with 
a lkaline soap  an d  w ater.

(5 )  Before rem oving  ex terna lly  c o n 
tam in a ted  im perv ious  c lo th ing, its su rface  shall be 
w ashed  w ith  a lkaline soap  a n d  w a te r  o r  o th e r  
d e c o n ta m in a n t  o f  equal  o r  su pe r io r  effectiveness.

(6 )  W h en  a n  em ployer ,  a  superv isor,  o r  the
affec ted  em ployee  suspec ts  o v erex p o su re  to
p a ra th io n  (eg, kn ow n  exposu re ,  obvious signs or 
sym ptom s o f  po ison ing) ,  the  em ployee  shall be 
p laced  u n d e r  m edical  ob se rv a t io n  until a d e te r 
m ina tion  is m a de  by the  physician  in acc o rd a n c e  
with Sec tion  2 ( b ) ( 2 )  th a t  the  em p lo y ee  is capab le  
o f  re tu rn in g  to  work.
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( 7 )  Persons responsib le  fo r  fire p ro tec t io n  
shall be in form ed  tha t  fo rm ula t ions  o f  p a ra th io n  in 
com bustib le  solvents a re  being used , o f  the  high 
toxicity o f  the  p ro d uc ts  o f  c o m b u s t io n ,  an d  o f  the 
necessity  for using supplied-air  re sp ira to rs  in su p 
pressing fires involving para th ion .

(8 )  Any em ergency  o r  acc id en ta l  release 
(eg, app lica t ion  to  inc o r rec t  field) o f  p a ra th io n  
from  agricu ltura l  a i rc ra f t  shall be rep o r ted  im 
mediately  to  people  residen t  in the  a re a  a n d  to  a p 
p rop ria te  local regu la to ry  o r  h ea l th  officials.

(b )  E ngineering  C on tro ls
(1 )  E ngineering  con trols ,  su ch  as process  

enclosures,  filling e q u ip m e n t  with a u tom a tic  shu- 
toff, m echan ica l  m e te r in g  and  t ransferr ing  devices, 
and ventila tion  systems, shall be used if necessary  
to ensure  tha t  the  w orkp lace  en v iron m en ta l  limit 
specified in Section  1(a) is no t  ex cee de d ,  and  to 
m inimize skin exposu re  to  para th ion .

(2 )  C on tro l  o f  U nit  O p e ra t ion s
(A )  C on tro ls  o f  unit  o p e ra t io n s  o f  

equiva len t  o r  su pe r io r  effectiveness  m ay be  su b 
sti tu ted  for those specified  in p a rag rap h s  (B ) 
th rough  (1) below.

(B )  All fittings, hoses, tubing, pum ps, 
valves, an d  assoc ia ted  e q u ip m e n t  o p e ra te d  at posi
tive p ressure  shall be be sufficient to  w iths tand  2Vz 
t im es the  m ax im um  pressure  no rm ally  e n c o u n te re d  
and  shall be exam ined  at least  w eekly  for leaks 
and  o th e r  signs o f  d e te r iora tion .

(C )  All hoses, pipes, an d  tub ing  used for 
filling tanks  on loading o r  app lica t ion  vehic les with 
pa ra th io n  shall be eq u ip p ed  with q u ick -ac t ing  shu- 
to ff  valves o r  o th e r  dev ices  a t  the  d ischarge  ends 
to  p rev en t  dripping.

(D )  Back s iphoning  by hoses  used for 
filling vessels, tanks ,  o r  o th e r  co n ta in e rs  with 
pa ra th ion ,  o r  for ad d ing  any  o th e r  liquid if the  
co n ta in e r  a lready  con ta in s  p a ra th io n ,  shall no t  be 
pe rm it ted .

(E )  W h en  positive d isp lacem en t  pum ps 
are  used with hoses, pipes, o r  tub ing  eq u ip p ed  
with shu to ff  valves a t  the  d ischarge  end , a  relief 
device shall be installed to  bypass liquid b ack  to 
the  low-pressure side o f  the  system in o rd e r  to 
p reven t  ru p tu re  o f  hoses, pipes, tub ing , o r  pum ps.

(F )  All app lica t ion  e q u ip m e n t  with  2 o r  
m ore  nozzles shall have the  d is tr ibu tion  m anifo ld  
sh ielded to  m inimize o p e ra to r  ex p o su re  in the 
even t  o f  m a lfunction .

(G )  O p aq u e  tanks  used fo r  mixing, load 
ing, o r  app lica t ion  o f  p a ra th ion  shall be equ ip p ed  
with ind ica to rs  o f  the  level o f  liquid within the 
tank.

(H )  L oad ing  e q u ip m e n t  shall be fitted 
with an  au to m a t ic  sh u to ff  device to  p rev en t  o v e r 
filling.

(I) T an k  covers  shall be so c o n s tru c ted  
to  minim ize the  possibility o f  c o n te n ts  spilling in 
the  ev en t  o f  ro llover o r  aeria l  acc iden t .

(3 )  V entila t ion
(A )  If used , ven ti la tion  system s shall be 

designed  to  rem ove  p a ra th io n  f rom  the  b rea th ing  
zones o f  exposed  w o rk e rs  an d  to p re v e n t  the  a c c u 
m ulat ion  an d  rec ircu la t ion  o f  p a ra th io n  in the  
w orkplace .

(B )  Exhaust  ven ti la tion  system s d ischarg 
ing into  ou ts ide  a ir  shall c o n fo rm  to  applicab le  
local, s ta te ,  and  federa l  a ir  po llu tion  regulations.

( C )  A p ro g ra m  o f  per iod ic  preven tive  
m a in ten an ce ,  c lean ing , an d  inspec t ion  shall be 
estab lished  to ensu re  m ax im um  effectiveness  of 
ventila tion  systems. This  p ro g ram  shall inc lude a i r 
flow m easu rem en ts ,  in spec t ion  o f  d u c tw o rk  for 
leaks, an d  exam ina t ion  o f  the  co llec ting  ele- 
m e n t(s ) .  T h ese  p ro c e d u re s  shall be  p e r fo rm ed  b e 
fore m a nu fa c tu r in g  o r  fo rm ula t ing  o p e ra t io n s  
begin and  a t  least tw ice  m onth ly  du r ing  m a n u fa c 
ture  o r  fo rm ula t ion .

(c ) S torage
( 1 )  All loca t ions  in w hich  p a ra th io n  is 

s to red, o r  w here  access  is no t  o therw ise  limited, 
shall be  fen ced  and  loc ke d  and  shall be pos ted  as 
specified in Sec tion  3 (b ) .

(2 )  Provisions for the  s to rage  o f  c o n ta in e rs  
o f  p a ra th io n  or its fo rm ula t ions  are  given in 29 
C F R  1910.106 . All p a ra th io n  co n ta in e rs  shall be 
p ro te c te d  from  hea t ,  co rro s ion ,  m echan ica l  
dam age ,  a n d  sources  o f  ignition.

(3 )  C o n ta in e rs  o f  p a ra th io n  shall be in
spec ted  u p o n  rece ip t ,  and at least m on th ly  
the rea f te r ,  fo r  co rro s ion ,  leaks, b reaks ,  tears ,  or 
o th e r  defects .

(4 )  Partially-full an d  em p ty  p a ra th io n  c o n 
ta iners  shall be tightly c losed  an d  k ep t  in locked  
s to rage  a reas  until d isposed  o f  p roperly ,  excep t  
w here  d i re c t  superv is ion  is m a in ta ine d  c o n t in u 
ously.

( 5 )  P a ra th io n  shall on ly  be s to re d  in c o n 
ta ine rs  w hich  b ea r  the  label req u i red  in Section  
3 (a) .

(6 )  C o n ta ine rs  w h ich  are  norm ally  used for 
s to rage  o r  p re p a ra t io n  o f  food , feed , o r  d r ink  shall 
no t  be used  for s to rage  o f  pa ra th ion .

(7 )  N o  p erso n s  shall be allow ed to  eat,  
sleep, o r  sm oke  in any a re a  in w hich  p a ra th io n  is 
s tored.

(8 )  O u td o o r  s to rage  facilities shall be
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loca ted  a t  least 20 fee t  f rom  any dwellings or 
p o pu la ted  a re a  and  shall be eq u ip p ed  with a sprin 
k ler system, w here  feasible.

(d )  Personal H ygiene
(1 ) The  e m p lo y e r  shall p rov ide  a changing  

a rea  w here  s tree t  c lo thes  m ay be s to red  free from  
con ta m in a tio n  by para th ion .

(2 )  All req u ired  personal  p ro tec tive  
clo th ing  an d  p ro tec tive  e q u ip m e n t  shall be p ro 
vided and  laundered  o r  c lean ed  daily by the  e m 
ployer. T he  em ployer  shall en su re  tha t  all im perv i
ous personal  p ro tec tive  c lo th ing  is free from  
cracks, p inholes, o r  o th e r  signs o f  d e te r iora tion .  
Personal p ro tec tive  c lo th ing  grossly c o n ta m in a te d  
with p a ra th io n  shall be d e c o n ta m in a te d  and  la u n 
dered  separa te ly  from  o th e r  clothing.

(3 )  T he e m p lo y e r  shall m a ke  ex tra  c lo thes  
available at each  w ork site for use w hen  p ro tec tive  
o r  personal  clo th ing beco m e s  c o n ta m in a te d  with 
para th ion .

(4 )  Em ployees  o ccupationa l ly  exposed  to 
para th ion  shall be requ ired  to  w ash hands  an d  face 
with a lkaline soap  an d  w a te r  be fo re  eating, d r in k 
ing, sm oking , o r  using toilets.

(5 )  E m ployees  o ccupa t iona l ly  exposed  to 
para th ion  shall be requ ired  to  take  a  show er  a t  the 
end  o f  ea c h  w orkday  befo re  leaving work. T he  
em ployer  shall p rov ide  a lkaline so ap  and  c lean  
towels.

(e )  H ousekeeping ,  D eco n tam in a t io n ,  and 
W aste  Disposal

(1 )  All p a ra th io n  spills shall be c lean ed  up 
as soon as possible. C o n t in u o u s  surveil lance o f  
spills shall be p rov ided  until d e c o n ta m in a t io n  is 
co m p le ted .  C o n ta m in a te d  a reas  shall be ro p ed  off  
o r  access  to  them  o therw ise  p reven ted .  T h ey  shall 
also be posted.

(2 )  Spills o f  p a ra th io n  on  floors shall be 
a b so rbed  with absorb ing  clay. Sw eeping  co m p o u n d  
shall be utilized to  facil ita te  the  rem ova l  o f  all visi
ble t races  o f  p a ra th io n -c o n ta m in a te d  clay.

(3 )  All floors tha t  may be c o n ta m in a te d  by 
p a ra th io n  shall be  d e c o n ta m in a te d  with a strong  
alkaline so lu tion , o r  with an  eq u iva len t  o r  supe r io r  
d e c o n ta m in a tin g  so lu t ion , a t  least weekly.

(4 )  E q u ip m e n t  o r  fixtures co n ta m in a te d  
with p a ra th io n ,  inc lud ing  o p e ra to r  c o m p a r tm e n ts  
o r con tro l  posit ions on app lica t ion  and  loading 
eq u ip m en t,  shall be w ashed  with a s trong  alkaline 
so lu tion, o r  with an  eq u iva len t  o r  su pe r io r  d e c o n 
tam inating  solution , as soon  as possible.

(5 )  Drip pans  con ta in ing  a b so rb e n t  m a te r i 
al shall be utilized to  facil ita te  d e c o n ta m in a t io n  in 
locations w here  leakage  is likely to  occur .

( 6 )  Unless o therw ise  p ro v id ed  by local, 
s ta te , o r  federa l  regu la tion ,  c lo th ing, rags, bags, or 
fiber d ru m s  heavily c o n ta m in a te d  with  p a ra th io n  
shall be inc ine ra ted  with a d e q u a te  p recau t ion s  to 
p reven t  inha la t ion  o f  po ten tia lly  toxic fumes, 
vapors, o r  co m bus t ion  p ro d uc ts ,  o r  the  m ateria ls  
shall be  tak^n  to a san itary  landfill and  properly  
d isposed  of.

(7 )  AN em pty  c o n ta in e rs  c o n ta m in a te d  
with p a ra th io n  tha t  a re  to  be d isposed  o f  in a san i
tary landfill shall first be d e c o n ta m in a te d  with a 
s trong  a lkaline  so lu tion , o r  with  an equ iva len t  or 
superio r  d ec o n ta m in a t in g  solu tion , an d  then  p u n c 
tured b e fo re  disposal.

(8 )  Em pty  m e ta l  d ru m s  o r  c o n ta in e rs  c o n 
tam in a ted  with p a ra th io n  tha t  a re  to be rec la im ed  
shall be d e c o n ta m in a te d  with a s trong  alkaline 
so lu tion o r  with an  equ iva len t  o r  su pe r io r  d e c o n 
tam inating  solution be fo re  sh ipm en t.  T he 
rec la im er  shall be  in fo rm ed  o f  the  p a ra th io n  c o n 
tam ination .

( 9 )  W h en ev e r  it is n ecessary  for an  e m 
ployee to  pe r fo rm  m a in te n a n c e  o r  repa ir  w ork  on 
p a ra th io n -co n tam in a ted  eq u ip m e n t ,  such  as a ves
sel, pu m p , valve, p ipe , nozzle, e tc ,  the  eq u ip m en t  
shall be d e c o n ta m in a te d  with a s trong  alkaline 
solution, o r  with an equ iva len t  o r  supe r io r  d e c o n 
tam inating  solution , b e fo re  m a in te n a n c e  o r  repa ir  
is u n de r ta ke n .

(1 0 )  R eusab le  c lo th ing  tha t  has been  worn 
during  the  w ork  period  shall be p la ced  in a plastic 
bag o r  c o n ta in e r  and labeled  with  a suitable w arn 
ing o f  possible co n ta m in a t io n  with p a ra th ion .

(f)  O th e r  W ork  P rac t ices
(1 )  Em ployees  hand ling  p a ra th io n  c o n c e n 

tra tes  shall work  in team s. In add it ion ,  regardless 
o f  the  c o n c e n t ra t io n  o f  the  m a te r ia l ,  all mixers, 
loaders ,  flaggers, an d  app lica to rs  m ust  m a in ta in  
periodic  c o m m u n ic a t io n  with a p e rson  cap ab le  of 
su m m oning  em erg en cy  aid if needed .

( 2 )  E m ployees  po ten tia lly  exposed  to 
p a ra th ion  while spray ing  shall rem a in  upw ind  from 
the spray  w h en ev e r  possible.

(3 )  N o  aerial  ap p l ic a to r  may  mix o r  load 
pestic ides  con ta in ing  p a ra th io n  in w hole  o r  in part ,  
unless c losed  mixing or loading  system s a re  used. 
This p rov is ion  allows an  aerial a p p lica to r  to  su p e r 
vise mixing o r  loading  o p e ra t io n s  involving o pen  
systems.

(4 )  M ate ria ls  con ta in ing  p a ra th io n  shall not 
be used w hen  testing  mixing, loading, o r  app lica 
tion  e q u ip m e n t  for leaks, o r  w hen  testing  for 
c logged valves, lines, o r  s tra iners,  o r  w hen  e q u ip 
m e n t  is ca lib ra ted .
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(5 )  Dispersal e q u ip m e n t  con ta in ing  
p a ra th io n  m ay no t  be  tu rn e d  on  ou ts ide  the  a re a  
to  be trea ted .  E xcep t  in an em ergency ,  je t t ison  or 
o therw ise  dum ping  o f  p a ra th io n  f rom  applica t ion , 
mixing, o r  loading vehic les shall be p roh ib i ted  u n 
less p ro p e r  disposal p ro c e d u re s  a re  followed.

(6 )  Em ployees  pilo ting  agricu ltu ra l  a ircraf t  
m ay no t  fly th rough  the  drift  o f  an  app lica t ion ,  no r  
shall they  s ta r t  o r  co n tin u e  an  app lica t ion  if wind 
c rea tes  a drift  hazard  to  them selves  o r  o thers ,  no r  
shall they  spray o r  d us t  over  waterw ays, canals , 
buildings, dwellings, vehic les, o r  persons,  including 
flaggers.

Section 7 — Sanitation
(a )  F o o d  Facilities
S torage , p rep a ra t io n ,  d ispensing ( includ ing  by 

vending m a ch in es) ,  o r  ea t ing  and  drink ing  o f  foods 
o r  beverages  shall be p roh ib i ted  in a rea s  w here  
p a ra th ion  is p resen t.  E m ployees  m ay  n o t  carry  
food  o r  beverage  while w ork ing  in these  a reas  
because  o f  the  risk o f  co n ta m in a tio n .  T h e  e m 
ployer shall provide  an  a re a  free f rom  p a ra th ion  
c o n ta m in a tio n  in w hich  em ployees  m ay store 
lunches  an d  o th e r  foodstuffs  o r  to b a c c o  produc ts .

(b )  Sm oking
Sm oking  shall be p roh ib i ted  in a reas  w here  

pa ra th ion  is p resen t.  E m ployees  m ay  no t  carry  
to b a c c o  p ro d uc ts  while w ork ing  in these  a reas  
because  o f  the  risk o f  co n tam in a tio n .
Section 8 — M onitoring and Recordkeeping  
Requirem ents

(a )  E nvironm enta l  M onitor ing
(1 )  Each  e m p lo y e r  involved in the  m a n u 

fac ture  o r  fo rm ula t ion  o f  p a ra th io n  shall m on i to r  
env ironm en ta l  air levels o f  p a ra th io n  a t  least 
m onthly , ex cep t  as specified  o therw ise  by a p ro fes 
sional industria l hygienist. T h e  initial m onth ly  e n 
v ironm enta l  air sam pling  shall be c o m p le te d  within 
6 m o n th s  o f  the  effective da te  o f  a s ta nd a rd  in c o r 
po ra t ing  these  reco m m en d a t ion s .  If m on i to r ing  of 
an  e m p lo y e e ’s ex p o su re  to  p a ra th io n  reveals  tha t  
he is exposed  a t  c o n c e n t ra t io n s  in excess o f  the 
r e c o m m e n d e d  T W A  en v iron m en ta l  limit, con tro l  
m easures  shall be in i t ia ted  an d  the  em ployee  shall 
be  notif ied  o f  his ex p o su re  an d  o f  the  con tro l  m e a 
sures being  im p lem en ted  to  c o r re c t  the  situation.

M on itor ing  shall c o n t in u e  until tw o  consecu tive  
samplings, a t  least a w eek  apar t ,  ind ica te  th a t  e m 
p loyee ex p o su re  no  longer  ex cee ds  the  T W A  e n 
v ironm en ta l  limit specified  in Sec tion  1(a). 
M onth ly  m on i to r ing  m ay  the n  be resum ed.

(2 )  A ir sam ples  shall be co l le c te d  in the 
b rea th ing  zone o f  em ployees  to p e rm it  ca lcu la t ion  
o f  T W A  values for every  p a ra th io n  ex p o su re  area .

F o r  ea c h  T W A  d e te rm in a t io n ,  a sufficient 
n u m b e r  o f  sam ples  shall be ta k e n  to  cha rac te r ize  
eac h  em ployee"s ex p o su re  during  eac h  w ork  shift. 
V aria t ions  in w ork  an d  p ro d u c t io n  schedu les  shall 
be co n s id e re d  in dec id ing  w hen  sam ples  a re  to  be 
co l lec ted . T h e  n u m b e r  o f  rep resen ta t ive  T W A  
d e te rm in a t io n s  for an  o p e ra t io n  o r  p rocess  shall be 
based on  th e  varia tions  in loca t ion  and  jo b  fu n c 
tions o f  em ployees  in re la t ion  to  tha t  o p e ra t io n  o r  
process.

(b )  R e c o rd k e e p in g
(1 )  Sam pling  re c o rd s  shall be m ain ta ined  

so th a t  ex p o su re  in fo rm at ion  is available fo r  in 
dividual em ployees .  T h e se  re c o rd s  shall ind icate ,  
in add it ion  to  the  results  o f  a ir  sam pling , the  type 
o f  pe rsonal  p ro tec t ive  device ,  if any, in use by 
eac h  em p lo y ee  a t  the  t im e o f  sampling. E ach  e m 
ployee shall be a llow ed to  ob ta in  in form ation  on 
his o r  h e r  ow n en v iron m en ta l  exposure .

(2 )  R e co rd s  shall be m a in ta ine d  and  shall 
inc lude sam pling  and  analytical  m e th o d s ,  types o f  
resp ira tory  dev ices  used ,  an d  T W A  a i rbo rne  c o n 
cen tra t io n s  found. In add it ion ,  the  following 
reco rds  shall be m a in ta ine d  for eac h  em ployee  o c 
cupationa l ly  exposed  to  para th ion :

(A )  P reex p osu re  baseline  e ry th rocy te  
cho lines te rase  activity  o r  w ork ing  baseline 
cho lines te rase  activity, w h icheve r  is applicab le .

(B )  All cho lines te rase  activities  m e asu red  
during  em ploym en t .

(C )  M edica l reco rd s  co m p iled  during  e m 
p loym en t  ( inc lud ing  p re p la c e m e n t  exam ina t ions)  
in a c c o rd a n c e  with Sec tion  2 (a ) .

( 3 )  R e co rd s  req u ired  by this sect ion  shall 
be m a in ta ined  for 5 years  a f te r  the  w o r k e r ’s e m 
p loym ent has en d ed  and shall be m a d e  available to  
the  des igna ted  m edical  rep resen ta t ives  o f  the 
S ecre ta ry  o f  H ealth ,  E d uc a tio n ,  an d  W elfare ,  o f  
the S ecre ta ry  o f  L ab o r ,  o f  the  em ployer ,  and  of 
the  em p lo y ee  o r  fo rm er  em ployee .
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II. INTRODUCTION
This re p o r t  p resen ts  the  c r i te r ia  and  the  r e c o m 

m end ed  s ta nd a rd  based  th e re o n  which were 
p re p a re d  to m ee t  the  n eed  for p reven t ing  o c c u p a 
tional d iseases arising from  ex posu re  to  para th ion .  
T h e  c r i te r ia  d o c u m e n t  fulfills the  responsibil i ty  o f  
the  S ecre ta ry  o f  H ealth ,  E d uc a tio n ,  an d  W elfare ,  
u n de r  Sec tion  2 0 ( a ) ( 3 )  o f  the  O ccu p a t io n a l  Safety 
and  H ealth  A ct o f  1970 to  “ . . . d ev e lop  cr i te r ia  
dealing  with toxic m ateria ls  an d  harm ful physical 
agen ts  and  substances  which  will d e sc r ibe  ex 
posure  levels at w hich  no em p lo y ee  will suffer im 
paired  h ea l th  o r  functional  capac it ies  or 
d im inished  life expec tan cy  as a result  o f  his w ork 
e x p e r ie n c e .”

T he  N ationa l  Insti tu te  for O ccu p a t io n a l  Safety 
and  H ealth  (N IO S H ),  a f te r  a  review  o f  d a ta  and 
consu lta t ion  with o thers ,  fo rm alized  a system  for 
the  d ev e lop m en t  o f  cr i te r ia  u p on  w hich  s tandards  
can  be es tab lished  to  p ro te c t  the  h e a l th  o f  w orkers  
from  exposu re  to  h azardous  chem ica l  and  physical 
agents. C r ite r ia  for a re c o m m e n d e d  s tandard  
should enab le  m a n a g e m e n t  and  lab o r  to  deve lop  
b e t te r  eng ineering  con tro ls  resu lting  in m ore  
healthful w ork  env ironm en ts  and  m e re  com pliance  
with the  re c o m m e n d e d  s tandard  should  no t  be 
used as a final goal.

In evaluating  o ccu p a t io n a l  hazards  an d  setting 
priorities, it was d e te rm in e d  tha t  p a ra th io n  is one  
o f  the  chem ica ls  o f  g rea tes t  im m ed ia te  con ce rn .  
Sporad ic  cases  o f  occupa t iona l  an d  acc iden ta l  
poisoning due  to c o n c e n t ra te d  p a ra th io n  and  
pa ra th ion  a n d /o r  m e tabo lite  res idues  o n  fruits, 
vegetables, and  foliage have b een  repo r ted .  Since 
the late 1 9 4 0 ’s, w hen  p a ra th io n  was in tro d u ced  in 
the U nited  States fo r  use as an  insectic ide,  an  
ever-increasing  l i te ra tu re  on the  co m p o u n d ,  its 
p ropert ies ,  and m any aspects  o f  its use has a c c u 
mulated .

These  cr i te r ia  for a  s tandard  for p a ra th io n  are 
part  o f  a con tinu ing  series o f  c r i te r ia  d ev e lop ed  by 
NIOSH. T h e  p roposed  s tandard  applies  only to 
those processes  and  o p era t ions  involving the 
m anu fa c tu re ,  processing, and  use o f  p a ra th io n  as 
applicab le  u n de r  the O c cu p a t io n a l  Safety  and  
H ealth  A c t  o f  1970.

T hese  cr i te r ia  w ere  deve loped  to  ensu re  tha t  the  
s tandard  based th e re o n  would  ( 1 )  p ro te c t  e m 
ployees against  d ev e lop m en t  o f  a c u te  and  ch ron ic  
para th ion  poisoning, (2 )  be m easu rab le  by 
techn iques  tha t  a re  available to  industry  and 
gove rnm en ta l  agencies ,  and  ( 3 )  be a t ta inab le  with

existing technology . A l though  an  env ironm enta l  
limit is r e c o m m e n d e d  here in ,  b e c a u se  o f  the  ex 
tensive use o f  p a ra th io n  in ag ricu ltu re ,  em phasis  
has b een  p laced  o n  p ro p e r  w ork  p rac t ices  as a 
m eans  o f  m inimizing p a ra th io n  ex p o su re  an d  on 
the a p p ro p r ia te  b iologic m on ito r ing  and  m edical 
surveil lance  o f  em ployees  who w ork  with 
p ara th ion .  Also, the  re c o m m e n d e d  s ta nd a rd  
em phasizes  the  provis ion  o f  san itary  facilities and  
the apprisa l  o f  all em p lo y ees  o f  the  hazards  o f  
p a ra th io n  an d  the  im p o r ta n c e  o f  p ro p e r  sanitary  
and  w ork  p rac t ices  generally.

In add it ion  to  the  obvious  hazards  a t tend ing  ex 
posu re  to  c o n c e n t ra te d  p a ra th io n ,  m o re  subtle 
p ro b lem s  a re  posed  by the  po ten t ia l  ex posu re  o f  
large n u m b e rs  o f  ag ricu ltu ra l  w o rk e rs  to  p a ra th ion  
residues  o n  c ro p s  a n d  in the  agricu ltura l  w o rk 
p lace  in general .  N u m e ro u s  d o c u m e n te d  instances  
o f  m ult ip le  “ p ic k e r” po isonings exist b u t  the  fa c 
tors  involved in the  causa t ion  o f  the se  inc idents  
are  only poor ly  u n de rs to o d .  T o  p ro te c t  w orkers  
from  the se  hazards,  the  field reen try  c o n c e p t  has 
b een  given m u c h  c o n s id e ra t io n  du r ing  the  period  
1972-76. R e en try  in tervals  define  the  t ime 
b e tw een  app lica t ion  o f  the  pes tic ide  an d  en try  o f  
w orkers  fo r  any  activity  involving ex tensive c o n 
tac t  with the  c rop . T h e  p ro te c t io n  o f  field w orkers  
from  the  po ten tia lly  haza rd o u s  e ffec ts  o f  p a ra th ion  
and  p a ra th io n -m e tab o l i te  res idues  on  fruits, 
vegetab les ,  and  foliage th rou g h  the  es tab lishm en t 
o f  safe reen try  intervals  has b e e n  in tentionally  
o m it ted  f rom  this re c o m m e n d e d  s ta nd a rd  because  
o f  s ta nd a rds  p ro m u lg a te d  and  e n fo rced  by the  E n 
v ironm en ta l  P ro tec t io n  A gency  ( Federal Register  
39 :1 6 8 8 8-91 ,  May 10, 1974).

T h e  re c o m m e n d e d  s ta nd a rd  was no t  designed 
for the  popu la t ion -a t - la rge  an d  any ex trapo la t ion  
beyond  genera l  o ccu p a t io n a l  exposu re s  is no t  w a r
ran ted .

T he  d e v e lo p m e n t  o f  the  re c o m m e n d e d  s tandard  
for o ccu p a t io n a l  ex p o su re  to  p a ra th io n  has 
revealed  defic iencies  in the  d a ta  base  in the  fol
lowing areas: ( 1 )  ep idem io log ic  s tud ies  o f  w orkers  
exposed  to p a ra th io n  fo r  e x te n d e d  periods;  (2 )  
ch ron ic  an im al ex posu re  studies a t  low levels o f  
p a ra th io n  with em phas is  o n  C N S  effects; (3 )  
anim al e x p e r im en ts  to  d e te rm in e  the  carc inogen ic ,  
m utagen ic ,  an d  te ra to g e n ic  po ten tia l  o f  p a ra th ion  
for m an; ( 4 )  the value o f  e lec tro m y o g rap h y  in as
sessing the  toxic p o ten t ia l  o f  p a ra th io n ;  a n d  (5 )  
im p ro v em e n t  o f  the  sam pling  m e th o d  for personal
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m onitoring. A m ore  com ple te  d iscussion o f  these 
and several o th e r  gaps is p re sen ted  in C h a p te r  
VII— R esearch  Needs.
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III. BIOLOGIC EFFECTS OF EXPOSURE
P a ra th io n  ( 0 ,0 - d i e th y l  O -p -n itropheny l  

p h o s p h o ro th io a te )  belongs to  a family o f  or- 
g an o ph o sp h oru s  (O P )  co m p o u n d s ,  m e m b e rs  of 
which ac t  directly  o r  indirectly  as cho lines te rase  
(C h E )  inhibitors . D irec t  inhib itors, su ch  as paraox- 
on, a re  cap ab le  o f  reac ting  directly  with  the  C h E  
enzym es the reby  inactivating  them . P a ra th io n  is 
called  an  ind irec t  inh ib ito r  b ecause  it m ust  be c o n 
v erted  in the  en v iro n m en t  o r  in vivo to  the  oxon  
(ie, ac tive  fo rm ) b efo re  it can  effectively inhibit 
C h E ’s. O rg an o p h o sp h o ru s  insec tic ide  usage is in 
c reasing  tod ay  as a result  o f  the  p re sen t  re s t r ic 
tions against  the  use o f  D D T  a n d  re la ted ,  p e r 
sistent, ch lo r in a ted  h y d ro c a rb o n  insectic ides.

P a ra th io n  is co n v e r ted  in the  body  in p a r t  to 
pa rao x o n ,  a s trong  inh ib ito r  o f  the  enzym e 
ace ty lch o l in es te ra se .1 U p o n  inh ib it ion  o f  this e n 
zyme in the  tissues, ace ty lcholine , the  su bstance  
responsib le  for t ransm ission  o f  ne rve  impulses in 
m uch  o f  the  nervous  system, a cc um u la te s ,  p ro d u c 
ing an initial overs tim ula t ion  an d  su bsequen t  
b lockage o f  nerve  s tim uli .1

Extent of Exposure
In the  U n ited  S ta tes  during  1970, app rox im ate ly

15 ,259 ,000  po un d s  o f  p a ra th io n  w ere  p ro d u c e d .2 
T echn ica l  g rade  m ate ria l  is fo rm u la ted  for insec
ticidal app lica t ion  usually as 15% a n d  25%  wetta- 
ble pow ders ,  dust  c o n c e n t ra te s  (2 0 %  to  25% ) and  
ready-to-use  dry d ust  m ixtures  (1 %  to  10%), 
g ranules  (2%  to  25% ),  o r  em ulsif iable  c o n c e n 
tra tes  (2 -8  p o unds /ga llon ) .3,4 P a ra th io n  m ay  be e n 
c o u n te re d  as a  relatively p u re  subs tance  in the  
form  o f  techn ica l  g rade  m ate ria l ,  as a  le ss-concen
t ra ted  c o m p o n e n t  o f  various fo rm ula t ions , such  as 
d escribed  above, o r  as d ilute sprays an d  dusts  d u r 
ing field applicat ion. Even  w hen  p a ra th io n  is c o n 
ta ined  in enc losed  systems, po ten tia l  exposures  
may o c c u r  from  t ran s fe r  o f  liquid, spillage, o r  from  
leaking eq u ipm en t.  Exposure  m ay  a lso  o c c u r  d u r 
ing fo rm ula t ion ,  bagging opera t ions ,  mixing , and 
app lica t ion  o r  by acc iden ta l  o r  in ten t iona l  co n ta c t  
with pesticidal p rep ara t io ns  o r  incom ple te ly  e m p 
tied c o n ta in e rs  o f  form ulations.  S uch  acc iden ta l  
exposures  have b een  part icularly  f re q u e n t  am on g  
ch ild ren  less than  3 years  old.

A n u m b e r  o f  o ccu p a t io n s  with  po ten tia l  ex p o 
sure to p a ra th io n  a re  listed in T ab le  XVI-3.

Besides p a ra th ion ,  the re  a re  a  n u m b e r  o f  o th e r  
o rg an o ph o sp ho ru s  insecticides in use. In m ost 
cases, the n ew er  c o m p o u n d s  have a  low er m a m 

m alian  a cu te  toxicity  th a n  p a ra th io n  5 Partly a.-. j 
c o n se q u e n c e  o f  the  inc reas ing  use o f  com pet ing  
insecticides, the  a m o u n t  of p a ra th io n  m a n u fa c 
tu red  in this co u n try  d ro p p e d  f rom  a high figure of
2 0 ,00 0 ,0 0 0  pounds  (e s t im a te d )  in 1968 to
15 ,259 ,000  in 1970 .2

K oelle1 s ta ted  th a t  p a ra th io n  has  p robab ly  been 
responsib le  for m o re  cases  o f  acc iden ta l  poisoning  
and  d e a th  tha n  any o th e r  O P  pes tic ide  c o m p o u n d .

T h e  m a gn i tud e  o f  po ison ing  by p a ra th io n  from 
o ccu p a t io n a l  exposures  is m o re  difficult to  assess 
than  th a t  f ro m  a c c id en ta l  poisonings. A re la tion  
ship b e tw e e n  o ccu p a t io n a l  po isonings due  to  pes ti
cides an d  all o th e r  poisonings for the  Sta te  of 
California  can  be o b ta in e d  from  C alifo rn ia  D e p a r t 
m e n t  o f  Pub lic  H ea lth  R e po r ts .6,7 U ndei  Califo rn ia  
law,6 e a c h  physician  who a t ten ds  an  injured em  
p loyee m us t  file a  r e p o r t ,  the  D o c to r s ’ First R eport  
o f  W o rk  Injury, with the  Division o f  L abor 
Statistics an d  R e se a rch  in the  C a lifo rn ia  D e p a r t 
m e n t  o f  Industrial  R e la t ions  (S ta te  o f  Ca liforn ia  
L a b o r  C o d e ,  1967, S ec tion  6 4 0 7 ) .  The em ploy , r 
also files a repo r t ,  the  E m p lo y e r ’s R eport  o f  Indus 
trial Injury. By defin it ion , w ork  injury inc ludes o c 
cu pa t iona l  disease. T h e  phys ic ians’ rep o r ts  o f  o c 
cu pa t iona l  disease  a re  rev iew ed an d  subsequen tly  
published  by the  C a lifo rn ia  D e p a r tm e n t  o f  Public 
H ealth  in statistical r e p o r t  form . A gricu ltu ra l  w o r
kers, exclusive o f  se lf-em ployed  persons  and  u n 
paid  family labor,  a re  covered  by the  California  
W o r k m e n ’s C o m p e n sa t io n  Law an d  thus  co m e 
u n d e r  the  rep o r t in g  system.

In C a lifo rn ia  du r ing  1970, a  total  o f  33,085 
cases o f  o ccu p a t io n a l ly -re la ted  d iseases from  ail 
causes  w ere  re p o r te d .7 O f  these ,  207 cases  o f  
systemic poison ing , o r  0 .63% , w ere  due  to  O P  
pesticides  and  55 (2 7 % )  w ere  a t t r ib u ted  to
p a ra th io n .6 Sprayers,  p ickers ,  and  t ruck  and  t r a c 
to r  d r ivers  w ere  the  o ccu p a t io n a l  g roups  m ost af
fected . T h e  rep o r t  does  n o t  identify  fo rm ula to rs  as 
a ca tego ry  o f  o ccu p a t io n a l  exposure . Irrigator* and  
loaders  w ere  also frequen t ly  involved in poisoning 
by agricu ltu ra l  chem ica ls .  T h e  d a ta  from  C a lifo r
n ia  essentially  ag ree  with those  rep o r ted  by 
H a tc h e r  a n d  W ise m a n 8 and  T ab e rsh aw  and  
C o o p e r ,9 ind ica t ing  tha t  the  g rea te s t  oppo r tun it ie s  
for o ccu p a t io n a l  ex p o su re  to  p a ra th io n  exist d u r 
ing fo rm ula t ion  and  p ackag ing  op e ra t io n s ,  app lica 
t ion  e q u ip m e n t  loading  op e ra t io n s ,  and  aerial  and  
g round  applicat ions . In add it ion  to  the  55 rep o r ted  
cases  o f  system ic p a ra th io n  poisoning , 3 casf-s
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com pla ined  o f  resp ira tory  cond it ions ,  3 o f  skin 
conditions ,  3 o f  eye cond it ions , and  31 u n 
specified, for  a total o f  95 cases  o f  o ccu p a t io n a l  
illness due  to  fo rm ula t ions  o f  p a ra th io n .6 O f  these 
95 cases, 77 w ere  in ag ricu ltu re ,  8 in m a n u fa c tu r 
ing, 5 in t ran spo r ta t ion ,  c o m m u n ica t io n ,  an d  utili
ties, 4 o c c u rre d  in s ta te  an d  local g o ve rn m en t  
opera t ions ,  and 1 in trade.

T he rep o r t  o f  H a tc h e r  and  W ise m an 8 is an  ex 
am ple  o f  an  effort  to  identify p a ra th io n  poisoning 
in a  heavily  agricu ltura l  a re a  an d  the  resulting 
do c u m e n ta t io n  o f  a large n u m b e r  o f  cases. In the  
lower Rio G ra n d e  Valley in T exas  during  1968, 
118 cases  o f  O P  pestic ide  po ison ing  w ere  re 
ported . N ine ty  o f  these ,  o r  78 .2% , involved ex p o 
sure to pa ra th ion .  O f  the  118 cases  o f  O P  pes ti
cide poisoning, 97 w ere  the  result  o f  derm al ex p o 
sure, 20 o c c u r re d  by the  resp ira to ry  rou te ,  and  
only on e  case , a suicide a t tem p t ,  was by ingestion. 
T hese  cases  o c c u r re d  during  a year  w hen  
p a ra th ion  was used m o re  extensively  tha n  before  
in an effo rt  to  o v e rco m e  resis tance  by som e o f  the  
m a jo r  c o t to n  pests. T h e  au tho rs  co n c lu d e d  tha t  
the  w o rk m e n  o ccupa t iona l ly  exposed  e i the r  d id  
no t  know  o r  failed to  a p p rec ia te  the  inc reased  
hazards  associa ted  with de rm al  exposu re  to 
pa ra th ion ,  and  used only  the  p recau t ion s  they had 
used in p rev ious years  w hen  hand ling  methyl 
p a ra th ion  alone. T he  m ajori ty  o f  a c u te  or- 
g an o phosphorus  poisonings o c c u r re d  in m en e m 
ployed in aerial ap p lica t ion ,  a lm ost  89 .5%  o f  those  
a ffec ted  being  g round  personne l  w ho  assisted in 
loading the  p lanes with spray  m ate r ia ls  and  fuel, 
row flagging, loading, un load ing  an d  o pen ing  
d ru m s o f  undilu ted  m ate ria l ,  o r  un load ing  and 
c lean ing  aircraft.  N o  d ea th s  resu l ted  from  the 
acu te  O P  pesticide in tox ications d o c u m e n te d  in 
this study.

Exposure  o f  field w orkers  to  pestic ide  residues 
on the  foliage o f  c ro p s  has recently  b eco m e  a 
m a t te r  o f  national co n c e rn  ( Federal Register  
3 8 :10715-17 ,  M ay 1, 1973). D uring  the  years  
1959-1963 in Ca liforn ia ,  369 cases  o f  poisoning  
a t t r ibu ted  to  p a ra th io n  residues w ere  r e p o r t e d 10,11 
in field laborers  involved in p icking  oranges,  
g rapefru it ,  olives, and  peaches.  A t  least 3 severe 
ep isodes o f  O P  insec ticide residue po ison ing  in 
o rch a rd  w orkers  o c c u r re d  in C a lifo rn ia  during  
1970 .12 E ach  o f  the  3 o rch a rd s  involved had  been  
t rea ted  a b o u t  2 w eeks p r io r  to  c rew  en try  with  one  
or more  o f  a co m b in a t io n  o f  e th ion ,  G u th ion ,  
Delnav, o r  para th ion .  F o u r te e n  o f  35 c rew  m e m 
bers w ere  hospitalized a f te r  p icking o ranges  in a 
grove t re a te d  with p a ra th io n  an d  D elnav  nearly  5

weeks an d  4 m o n th s  earlier ,  respectively. In 
a n o th e r  ep isode , 10 w orkers  e x p e r ie n c e d  nausea , 
vomiting, and  d ia r rh e a  while w ork ing  in an orange 
grove previously  t r e a te d  (5 w eeks)  with a mixture 
o f  p a ra th io n  and m ala th ion .  Q u i n b y  and  L em 
m o n 13 re p o r te d  p a ra th io n  res idue poisonings in 
California ,  W ash ing ton ,  and British Colum bia .

S um m ar ies  o f  p e r t in en t  s ta te  peslic ide  reg u la 
tions are  p re sen ted  in A p p en d ices  VI and  VII.

NIOSH est im ates  tha t  app rox im ate ly  2 50 ,000  
w orkers  ( inc lud ing  field w o rk e rs  exposed  to 
res idues)  in the US a re  po ten tia lly  exposed  to 
para th ion .
Historical Reports

A cco rd in g  to  H o lm s te d t14, the  first ind ications 
tha t  O P  co m p o u n d s  m ight  be highly toxic a p 
pea red  d u r in g  the  early  1 9 30 ’s w hen  W'illy Lange 
and G e rd a  von K rueger  ex p e r ie n c e d  sym ptom s 
while synthesizing d im ethyl  and  diethyl 
ph osphoro f luo r ida te .  As early  as 1934, O t to  Bayer 
o f  the  I. G. F a rb en in d u s tr ie  ap p o in ted  G e rh a rd  
Schrader  to  investigate  syn the t ic  insecticides. By 
1936, S c h ra d e r  h a d  tu rn e d  his a t te n t io n  to or- 
g an o ph o sp h oru s  c o m p o u n d s  and ,  in 1937, he 
p a ten ted  th e  following genera l  fo rm ula  for co n ta c t  

R IO  0 (S )

R 2 0  X
insec tic ides .14 P a ra th io n  (E 6 0 5 )  an d  p a rao x o n  
(E 6 0 0 )  ca m e  o u t  o f  S c h r a d e r ’s labora to ry  in
1944 .14 M uc h  o f  the  in fo rm ation  ab o u t  S c h r a d e r ’s 
w ork  was d issem ina ted  ou ts ide  G e rm a n y  a t  the 
en d  o f  W o rld  W ar  II w hen  British Intell igence 
published  info rm ation  a b o u t  p a ra th io n  in 1947 in 
the  BIOS repo rts ,  as c ited  by M e tc a lf  an d  M a rc h .15 
Lim ited  p ro d u c t io n  fo r  agricu ltu ra l  use was begun  
in this c o u n try  in 19 48 .16 C ases  o f  para th ion  
poison ing  w ere  re p o r te d  soon  the rea f te r .  In 1949, 
G ro b  e t  a l 17 re p o r te d  th a t  a  m an  em plo y ed  as a 
mixer o f  liquid p a ra th io n  an d  clay p o w de r  had  
died  a f te r  re p e a te d  ex posu res  to th e  insecticide. 
The  fo llowing year,  G ro b  e t  a l18 desc r ib ed  the  
toxic effec ts  o f  p a ra th io n  in 32 m en  an d  8 w om en  
following acc iden ta l  exposures.  Since tha t  time, 
p a ra th io n  has b een  responsib le  fo r  m any  o c c u p a 
tional po isonings as d o c u m e n te d ,  for exam ple ,  by 
the  C a lifo rn ia  D e p a r tm e n t  o f  Public  H ealth  6'10 !2 
during  the  ensu ing  years.
Effects on Hum ans

Tab le  III-3 sum m arizes  the  exper im en ta l  and  
ep idem io log ic  effects  n o te d  in h u m an s  exposed  to

14



TABLE III-l
SIGNS A N D  SYM PTO M S A SSO C IA TE D  W ITH A C U T E  

A N D  SU B A C U T E  EX PO SU R ES TO PA R A T H IO N
Effector Organ Sign or Symptom

I. M U S C A R IN IC  manifestations
(a )  Gastroin testinal Anorexia;  nausea; vom iting; abdom ina l 

cram ps;  d ia rrhea; tenesm us; invo luntary  de 
fecation; eructation; ‘'h ea r tb u rn ” ; substernal 
pressure

(b )  Sweat glands Increased sweating
(c )  Salivary glands Increased  salivation
(d )  Lacrim al ( tea r )  glands Increased lacrim ation
(e)  C ardiovascular  system Bradycard ia ,  fall in blood pressure
( f )  Bronchial tree Tightness in chest; wheezing suggestive of 

broncho-constr ic tion; dyspnea; cough; in
creased bronchia l  secretion; p u lm onary  
edem a

(g)  Pupils P inpoin t  (miosis)  and nonreactive
(h )  Ciliary body Blurring o f  vision
(i)  Bladder Increased u r inary  f requency; invo luntary  

ur ination
2. N I C O T IN IC  manifestations

(a )  Striated muscle M uscu la r  twitching; fasciculation; cram ping; 
weakness ( includ ing muscles o f  respiration)

(b)  Sympathetic ganglia Pallor; tachycard ia;  elevation o f  blood pres
and adrenals sure

3. C E N T R A L  N E R V O U S  SY S T E M
manifestations Uneasiness; restlessness; anxiety; trem ulous

ness; tension; apathy; giddiness; withdrawal 
and depression; headache; sensation of 
“floating” ; insom nia  with excessive dream ing 
(n ig h tm ares ) ;  ataxia; slurred, slow speech 
with repetition; drowsiness; difficulty in co n 
centrating; confusion; em otiona l la'bility; 
com a with absence of  reflexes; Cheyne- 
Stokes respirations; convulsions; hyp erpy
rexia; depression o f  resp ira tory  and c ircu
latory centers (with dyspnea and fall in 
blood pressure)

Derived f rom  18,52

para th ion . Evaluative o r  qualifying in fo rm ation  on  
eac h  s tudy  is inc luded  in the  m o re  co m p le te  
descr ip tion  o f  the  study as  re p o r te d  in the  text.

(a )  Physiology
T h e  ac t ions  o f  such  o rg an o p h o sp h o ru s  c o m 

pounds  as para th ion  d ep en d  u p on  the  enzym es 
which they inhibit an d  the  physiologic e ffects  o f  
such enzym e inhibition. T hese  enzym es catalyze 
the  hydrolysis o f  ace ty lcholine  and  o th e r  cho line  
esters. In 1932, S ted m an  and  his c o w o rk e rs 19 sug
gested  the  te rm  “ ch o lin e -e s te ra se” (s ic)  for the

enzym e w hich  is p re se n t  in serum . O f  the  cho line  
esters, the  only on e  with  d e m o n s t ra te d  physiologic 
im p o rtan ce  to  m an  is ace ty lcholine ,  the  subs tance  
which m ed ia tes  the  t ransm ission  o f  nerve  impulses 
to  the  h e a r t  an d  to o th e r  parasym pathe t ica l ly  in 
ne rva ted  s truc tu res ,  inc lud ing  the  iris, the  salivary 
glands, the  s to m ach  an d  small in tes tine,  the  u r in a 
ry b ladder ,  the b ronch ia l  g lands, an d  a few p o s t 
ganglionic sym pathe tic  fibers, such  as those  to  the 
ecc r ine  sw eat  g lands .1 A ce ty lcho line  has been  
shown to  have a t ran sm i tte r  func t ion  also in 3 a d 
ditional classes o f  nerves: the  pregang lion ic  fibers
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o f  bo th  the  sym pathe t ic  and  p a rasym pathe t ic  
systems, m o to r  nerves  to skele tal  muscles, and  c e r 
tain n eu rons  within the  cen tra l  n e rvous  sy s tem .1

In m an, the re  a re  two principal types  o f  enzym es 
which hydrolyze cho line  esters: (1 )
ace ty lcho lines te rase  (A C h E ) ,  o r  t rue  
cholines te rase , and  (2 )  bu ty rocho l ines te rase  
(B uC h E ) ,  frequen tly  ca l led  p lasm a cho lines te rase ,  
serum  cho lines te rase ,  o r  p se u d o c h o l in e s te ra se .1 
A cety lcho lineste rase  o c c u rs  in n eu ro n s ,  at the  n e u 
ro m u scu la r  junc t ion ,  in e ry th rocy tes ,  and  in c e r 
tain o th e r  t issues.1 Practica lly  all o f  the  p h a r 
macologic  effects  o f  the  an t i-cho lineste rase  agents, 
including those o f  pa ra th io n ,  are  du e  to  the  inhibi
tion o f  A C hE , with the  su bseq u en t  acc um u la t io n  
o f  en d o ge no u s  ace ty lch o l in e .1

T h ro u g h o u t  the re m a in d e r  o f  the  d o c u m e n t ,  the 
designation  C hE  is used  in te rchangeab ly  with the 
w ord cholines te rase . In all in s tances  w here  C h E  
appears ,  it will be p re c e d e d  o r  fo llowed by e i the r  
R BC, des ignating  the  e ry th ro cy te  enzym e, or 
p lasm a (o r  b o th ) ,  o r b lood , o r  w hole  b lood  in 
o rd e r  ¡o clearly  ind ica te  which  ch o lin es te ra se (s )  
is/are being  re fe rred  to. In a sim ilar vein, the 
des ignation  RBC is used  in te rchangeab ly  with 
ery th rocy te .

B uC hE  is p resen t  in various types  o f  glial or  
satellite cells o f  the  cen tra l  and  p e r ip he ra l  nervous  
systems, as well as in the  plasm a, liver, and  o th e r  
o rgans .1 It has no know n physiologic function ; in
hibition o f  the  p lasm a enzym e a t  m ost  sites 
p ro d uc es  no a p p a re n t  func t iona l  d e ra n g e m e n t .1 
L eh m an n  an d  Liddell20 specu la ted  tha t  the  p lasm a 
C hE  may hydrolyze those  cho lines te rs  w hich  in 
hibit ace ty lcholines te rase .  T hese  inc lude p rop io- 
nylcholine and  bu ty ry lcho line ,  w hich  can  be 
fo rm ed  in vitro by enzym e system s responsib le  for 
the synthesis o f  ace ty lcholine  an d  may be 
p ro d u c e d  also by bacteria l  ac t ion  in the  gut. T h ere  
are a n u m b e r  of a typical p lasm a C h E ’s, d iscovered  
th rough  an investigation o f  a b n o rm a l  responses  to 
the m uscle relaxant, succiny lcholine , which ap p ea r  
to be genetica lly  con tro l led  varian ts  with differing 
abilities to hydrolyze ace ty lcho line  and  re la ted  
c o m p o u n d s .20,21

P ara th ion  has only a slight d irec t  inhib itory  a c 
tion on p lasm a and  RB C  C h E ’s bu t  its active 
m etabo lite ,  paraoxon ,  is a p o te n t  inh ib ito r  o f  these  
enzym es.22'25 T he  resu l tan t  p h osp h o ry la ted  enzym e 
is s table , so tha t  hydrolysis leading to  reac tiva t ion  
o f  the enzym e occu rs  slowly. Hydrolysis  is limited, 
how ever,  by an o th e r  sp on tan eo u s  reac tion ,  aging, 
which leads to  a s table ph osp h o ry la ted  RB C  C hE , 
re frac tory  to  sp on tan eo u s  o r  ind u ced  hydrolysis .1

Aging o f  the p h osp h o ry la ted  enzym e has b e e n  a t 
t r ibu ted  to  a m o n o  dea lky la t ion  o f  the  phosphory l  
o r  phosphonyl  moiety ,  resu lting  in a change  in the  
e lec t ron ic  charge  o f  the  p h o sp h o ru s  a to m  such 
tha t  it can  no  longer  be a p p ro a c h e d  by the 
hydroxyl ion o f  w a te r .28

R e ge ne ra t io n  o f  non-aged  p h o sp h o ry la te d  A C h E  
is ac c e le ra te d  by nuc leoph ilic  reac t iva to rs ,  such  as 
cho line ,  pyrid ine , hydroxy lam ine ,  hydroxam ic  
acids, and  ox im es.27 In 1951, W ilson28 rep o r ted  
tha t  cho line  and  hydroxy lam ine  reac t iva ted  diethyl 
p h osp h o ry la ted -A C h E  cons ide rab ly  fas te r  than  
w ater  alone . Childs e t  al29 found  th a t  the  oxim es 
w ere generally  su pe r io r  to  the  hydroxam ic  acids in 
reac tiva t ing  O P- inh ib i ted  ChE . W ilson30 32 synthes
ized and  tes ted  several  m o n o q u a te rn a ry  pyrid ine  
aldoxim es. S u b sequen tly ,33 py rid in“ ' ’-a ldoxim e (2- 
PAM ; p ra l idox im e)  m e th o c h lo r id e  was found  to be 
highly effective  in the  reac t iva t ion  o f  non-aged ,  in
h ibited  RB C and  n eu ro e f fe c to r  C h F ’s

(b )  A bsorp t ion
P a ra th io n  is ab so rb ed  th rou g h  the  gas tro in 

testinal t r a c t ,34'3” the  resp ira to ry  t ra c t ,37,38 an d  the 
skin, the  m u c o u s  m e m b ran es ,  and  the  eyes .11,16,39'41 
G leason  e t  al42 po in ted  ou t  th a t  the response  
sequence  and  the  interval b e tw een  ex p o su re  and 
response  are  partly  d e p e n d e n t  u p on  the  porta l  o f  
entry . R esp ira to ry  t r a c t  sym ptom s usually a p p e a r  
first du ring  a resp ira to ry  ex p o su re  43 w hereas  the 
p resen t ing  sym ptom s a re  m o re  likely to be gas
tro in tes tina l  following inges t ion .18 As show n by ex 
p erim en ta l  results ,5 p a ra th io n  (eq u iva len t  dose 
basis) is less toxic by the  derm al  ro u te  than  by in
gestion. H o lm s te d t43 sp ecu la ted  tha t  this m ay be 
due  to enzym es in the  skin caus ing  hydrolysis o f  
pa ra th io n ,  m uch  in the  sam e way th a t  p a rao x o n  is 
detoxified  partia lly  during  passage th rou g h  the  skin 
in m an,  rabb i t ,  and  ca t  as rep o r ted  by Fredriksson  
et al.44 H ow ever,  the  la t te r  invest iga tors44 were 
unable  to  show  th a t  s ignificant m e tabo l ism  of 
p a ra th io n  takes  p lace  in d erm al tissue; it was a b 
so rbed  in essentially u n ch an ge d  form . Passage of 
p a ra th io n  th rou g h  h u m a n  skin was show n to  be 
relatively slow (0 .001 /u,g/rnin/sq cm  in v itro) ,  45 
and  con seq ue n t ly  a d e rm a l  ex posu re  m ay result in 
a substantia l  as well as a p ro lo n g ed  period  o f  a b 
sorp tion . H ow ever,  a l though  d e rm a l  ab so rp t io n  of 
p a ra th ion  is a relatively  slow process ,  the  c o m 
pound  is n e i th e r  i r r i tan t  no r  caus t ic  in n a tu re 39 and 
the re fo re  p rov ides  no w arn ing  to  the  individual 
tha t  his skin has b een  c o n ta m in a te d  with 
para th ion .  Thus, d e rm a l  a b so rp t io n  lead ing  to 
signs an d  sym ptom s o f  po isoning  may o c c u r  
w ithout  any aw areness  on  the p a r t  o f  the  exposed
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individual. In actuality ,  d e rm a l  ab so rp tio n  has 
b een  show n to  be a  po ten tia lly  g re a te r  haza rd  than  
resp ira tory  abso rp t ion  fo r  p a ra th ion  app lica to rs .46

In co n tro l led  studies, D u rh am  e t  al46 eva lua ted  
the  com p ara t iv e  d e rm a l  and  resp ira to ry  exposure  
o f  w orkers  sub jec ted  to  the mist f rom  an  airb last  
spray  m ach in e  during  p a ra th io n  app lica t ion  in 
o rchards .  T h ree  test  subjects  w ere  a b o u t  equally  
exposed  to  the  p a ra th io n  spray  drif t  by t ran spo r t  
in a vehicle following the  spray  m a ch in e  a t  such  a 
d is tance  th a t  the  spray  mist th a t  c a m e  in to  co n ta c t  
with the ir  bodies  had  to  be fine e n o u gh  to  rem ain  
suspended  in the  a ir  for a  com para tive ly  long 
period. T h e  fine mist e n c o u n te re d  ap p ro x im a ted  
tha t  to  w hich  the  o p e ra to r  o f  the  sp ray  rig was ex 
posed. O n e  individual was com ple te ly  covered  
with ru b b e r  and  plastic clo th ing  to  p rev en t  skin 
co n tam in a tio n .  He w ore  no  re sp ira to r  an d  thus 
had  a resp ira tory  exposure .  A seco n d  w o rk e r  wore  
a  resp ira to r  and  b re a th e d  only n o n c o n ta m in a te d  
air; how ever ,  he w ore  o rd inary  c lo th ing  a n d  thus 
his ex p o su re  was d e rm a l  only. T h e  th ird  person  
had  n e i th e r  resp ira tory  no r  d e rm a l  p ro te c t io n ,  
o th e r  tha n  o rd inary  c lothing. All th re e  subjects  
wore a b so rb e n t  pads  to  provide  a  m e asu re  o f  the ir  
surface  exposu re s  to  a i rbo rne  pa ra th io n .  Analysis 
o f  the  abso rp t ion  pads  w orn  by the  subjec ts  c o n 
firmed th a t  all w ere  subjec ted  to  p a ra th io n  o f  the 
sam e o rd e r  o f  m agn i tude  (ap p ro x im ate ly  0.03 
mg/sq  in. for the  2 “ p r o te c te d ” w orkers ) .  H o w 
ever,  to ta l  p -n i t ropheno l  (P N P )  ex cre t ion  fo r  the  
m an  w earing  the  ru b b e r  an d  p lastic  clo th ing  
(resp ira to ry  exposu re  on ly) w as 0 .088  mg; fo r  the 
individual using the  p u re  air supply  (d e rm al  ex p o 
sure on ly ) ,  0 .666  mg; and for the  m an  using no 
special p ro tec tive  eq u ip m e n t  (b o th  resp ira tory  and  
d erm al e x p o su re ) ,  0 .433  mg. S ince  p a ra th io n  has 
been  show n by F red rik sson44 n o t  to  be hydrolyzed  
o r  t ran s fo rm ed  into  p a rao x o n  by the  skin o f  m an , 
the use o f  u r ina ry  P N P  excre t ion  a p p e a rs  to be a 
valid p ro c e d u re  fo r  the  relative m e a su re m e n t  o f 
p a ra th ion  abso rp tion .  T h e  results  show  tha t  d erm al 
abso rp tion  e x cee de d  th a t  by the  resp ira to ry  rou te  
by several  times, c learly  ind ica t ing  the  po ten tia l  
d anger  f rom  derm al exposu re  to  pa ra th ion .

D erm al abso rp tion  o f  p a ra th io n  may be in
c reased  by the  so lvent used. A bsorp t ion  o f  
pa ra th io n  f rom  the  skin o f  the  fo re a rm  w as a p 
prox im ate ly  tr ip led  by its app lica t ion  in the  know n 
irri tan t  xylol above  tha t  m e asured  w hen  it was a p 
plied in a c e to n e .47

(c )  M etabo lism
T h e  obse rva tion  by Diggle an d  G ag e22 tha t  

pa ra th io n  in a  pu re  s ta te  was a  p o o r  inh ib ito r  o f  
ra t  b ra in  C h E  in v itro  led to  the  conc lus ion  tha t

m e tabo lic  convers ion  was necessary . Incuba t ion  o f  
p a ra th ion  with liver slices did  p ro d u c e  the  active 
inhibitor,  O .G -d ie thy l-O -p-n i tropheny l  phosp h a te  
(p a ra o x o n ) .24,48 K ub is tova24 d e m o n s t ra te d  in vitro 
tha t  enzym atic  ox ida t ion  takes  p lace  also in the 
gut, lungs, k idneys, an d  su p ra ren a l  glands. G ar-  
dock i  and  H a 2:leton49 found  P N P  to  be the  m a jo r  
n o np h o sp ho ru s -co n ta in in g  e n d  p ro d u c t  o f  
p a ra th ion  m e tabo lism  in dogs, a l tho u g h  t races  o f  
p -am inopheno l  w ere  also found. P N P  has been  
show n to  be a  m a jo r  u r ina ry  m e ta bo l i te  o f  
p a ra th ion  in m a n .50,51

(d )  A c u te  Effects
T h e  a cu te  effects  o f  p a ra th io n  are  du e  largely to 

its ability to  inhibit C h E ’s th ro u g h o u t  the  b o d y .1 
As ind ica ted  in the  p reced in g  sec t ion , inh ib ition  o f  
these enzym es in anim als  ( inc lud ing  m a n )  leads to 
the a c c um u la t io n  o f  endogenous ly  p ro d u c e d  
ace ty lcholine ,  with the  resu l tan t  signs and  sym p
tom s in m an  set  fo r th  in T ab le  III-1.18,52 This  tab le  
classifies m a n ’s response  a cc o rd in g  to  m uscar in ic ,  
n icotin ic ,  and cen tra l  ne rvous  system (C N S )  
responses. M uscarin ic  e ffects  re fe r  to  the  ac t ion  of 
p a ra th ion  o n  a u to n o m ic  e ffec to r  cells o f  the  eyes, 
h eart ,  lungs, s to m ach ,  b lood  vessels, and  o th e r  o r 
gans .1 V ary ing  p ro p o r t io n s  o f  m uscar in ic  rece p to rs  
a re  also p re se n t  o n  a u to n o m ic  ganglion cells and  
o n  ce r ta in  co rt ica l  an d  subcor tica l  n e u ro n s .1 The  
n icotin ic  ac t ions  o f  p a ra th io n  re fe r  to  its effects 
(initial s t im ula t ion  in high doses  lead ing  to  su b 
seq u en t  b lo c k a d e )  on  a u to n o m ic  ganglion  cells 
and  the  n e u ro m u sc u la r  ju n c t io n ,  ac t ions  c o m p a r a 
ble to  those  o f  n ic o t in e .1 Such  a  classification 
s ch em e is o f  som e use in the  ra t iona le  for t r e a t 
m e n t  an d  diagnosis, s ince a t ro p in e ,  in the  dosages 

•normally u sed  to  t r e a t  p a ra th io n  poisoning , b locks 
the  m uscar in ic  an d  C N S  effects , bu t  no t  the 
n icotin ic  e f fec ts .1

T h e  frequen t ly  o b se rv ed  de lay  in o n se t  o f  sym p
tom s o f  po ison ing  a f te r  exposu re  to  p a ra th io n  is 
a t t r ib u ted  to  the re q u i re m e n t  th a t  p a ra th io n  be 
m e tabo l ized  in the  body  to p a ra o x o n .25 H ow ever,  
co m m erc ia l  p re p a ra t io n s  o f  p a ra th io n  have been  
re p o r te d 22 to  con ta in  small am o u n ts  o f  the  S-ethyl 
isom er w hich  can  p ro d u c e  localized effects  a t  the 
site o f  co n ta c t .  T h e  se q u e n c e  o f  sym ptom s d e 
pends  o n  the  ro u te  o f  en try  o f  p a ra th io n  p r e p a ra 
tions in to  the  body  and  o n  the ir  co m p o s i t io n .16,43

A p p e a ra n c e  (signs of)  o f  po ison ing  with derm al 
exposure  to p a ra th io n  is de layed , the  o n se t  being 
insidious after  a  la ten t  period  o f  on e  o r  m ore  
hours.»,17.52 D elayed  ab so rp t io n  o f  p a ra th io n  from  
m ateria l  deposi ted  on  the  skin o r  c lo th ing  can  also 
o c c u r  o v e r  a period  o f  several w eeks  o r  m onths.  
Kazen e t  al53 found  p a ra th io n  on  the  hands  o f  one
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m an 2 m o n th s  a f te r  his last know n  c o n ta c t  with 
the  insecticide. T h e  au tho rs  found  38.8/ng o f  
p a ra th ion  o n  the  h ands  o f  a n o th e r  pestic ide  a p 
p lica tor 31 days a f te r  spraying. T h e  delay  o f  o c 
c u r re n c e  o f  systemic effects  following derm al ex 
posure  to  p a ra th io n  m ay be a t t r ib u tab le  to  two 
factors:

( 1 )  the  slow ra te  o f  ab so rp t io n  th rou g h  the  
skin45;

(2 )  con tam ina ting  p a rao x o n  m ay be p a r 
tially detox ified  during  passage th rou g h  the  skin.44

A lthough  the acu te  lethal dose  fo r  m an  is u n k 
nown, the  results o f  animal experim en ts ,  as 
p resen ted  in the  A nim al Toxicity  sec t ion , d e m o n 
s tra te  the  ex trem e toxicity  o f  p a ra th io n  to  m a m 
mals.

M any o ccu p a t io n a l  acc id en ts  involving 
p a ra th ion  have o c c u r re d  th rou g h  the  derm al 
rou te .6’8'9,18 T ab e rsh aw  and  C o o p e r9 p re sen ted  the  
case histories o f  several w orkers  w ho  d eve loped  
signs an d  sym ptom s (eg , nausea , vom iting, w e a k 
ness, b lu rr ing  o f  vision) o f  O P  insec tic ide  po ison 
ing while p icking c i trus  fruits in o rc h a rd s  p rev i
ously sp rayed  with para th ion .  In som e cases, the 
insecticide had  b een  applied  as long as 25 days b e 
fore w o rk e r  en try , thus  im plica ting  the  derm al 
rou te  o f  exposure .  H ow ever,  it is difficult to  rule 
o u t  com ple te ly  the  possibility o f  c o n c u r re n t  
resp ira tory  and  oral in take.

Hartwell et al37 exposed  h u m a n  volun teers  to 
vapor o r  pa r t icu la tes  o f  p a ra th io n  g e n e ra te d  by 
e i the r  h ea ting  p a ra th io n  d ust  o r  techn ica l  g rade  
p a ra th io n  o r  by spray ing  techn ica l  g rad e  p a ra th io n  
into  a ch am be r .  N o  air sam pling  was perfo rm ed . 
Urinary  P N P  ex cre t ion  was d e te rm in e d  from  im 
m ediate ly  p r io r  to exposu re  until  40  hours  a fter  
exposure . Both RB C  and  p la sm a  C h E  activities 
w ere  d e te rm in ed .  N e i th e r  the  2% dust  h e a te d  to 
82°F and  120°F n o r  the  techn ica l  g rade  h e a te d  to 
82°F and  105°F p ro d u c e d  depress ions  exceed ing  
30% o f  p reex p o su re  values in e i the r  RB C  or 
p lasm a C h E  activity levels. Also, u r ina ry  PN P  
excre t ion  was m in im al in these  exposures .  H ow 
ever,  a sub jec t  exposed  to p a ra th io n  acc iden ta l ly  
h ea ted  to  150°F ex p e r ien ced  signs o f  poison ing , a 
decl ine  in RB C  a n d  p lasm a C h E  activities to  2%  
and  12% o f  no rm al ,  respectively, an d  the  excre t ion  
o f  large quan ti t ies  o f  P N P  (ap p ro x im a te ly  6 mg in 
7 days).

In one  T exas  ep iso d e ,8 a  g roup  o f  field w orkers  
e n te re d  a c o t to n  field con ta in ing  p lan ts  a b o u t  3V£ 
feet  tall app rox im ate ly  12 hours  a f te r  an  aerial a p 
plica tion  o f  a m ix ture  con ta in ing  p a ra th io n  and  
methyl p a ra th ion .  A fte r  w ork ing  a ro u n d  the  d e w 
laden  p lants  fo r  2V4-3 hours,  23 o f  the  w orkers

b e cam e  ill, exhibiting  signs an d  sym ptom s o f  or- 
g an o ph o sp h oru s  insec tic ide  poison ing . N o  ind ica 
tion  o f  the  dosage  rece ived  was p rov ided .  Because  
o f  the  ex trem e ly  low vap o r  p ressu res  o f  the  pes ti
c ides ,54'5” th e  t im e o f  en t ry  in to  the  t r e a te d  field, 
the  d ew -lad en  n a tu re  o f  the  foliage, a n d  the  n e c e s 
sity o f  w o rk e r -p lan t  su rface  c o n ta c t ,  these  acu te  
poison ing  cases  w ere  p ro b ab ly  d u e  prim arily  to 
d erm al ab so rp t ion  o f  th e  insecticides.

( e )  C h ro n ic  Effects
A n o th e r  haza rd  to  w orkers  re la tes  to  rep ea ted  

exposu re s  to  small qu an ti t ie s  o f  p a ra th io n ,  such  
tha t  du r ing  a pe r iod  o f  t im e the  cum ula t ive  effect  
on  tissue A C h E  m ay lead to  toxic effects. 
Pa ra th ion  itself, o r  its m e ta bo l ic  ox ida tion  p ro d u c t  
paraoxon ,  does  n o t  cu m u la te  to  a  significant 
degree  in the  body  as ev ide nc ed  by u rinary  P N P  
ex c re t io n .50-51 H ow ever,  the  effec ts  o f  rep ea ted  
small doses  d o  b e c o m e  cum ula t ive  if r ep lacem en t  
o f  A C h E  at its sites in tissues do es  no t k e e p  pace  
with the e x ten t  o f  inhibit ion  o f  the  e n zy m e .57

In an effort  to d e te rm in e ,  on  the  basis o f  daily 
ingestion, the  a m o u n t  o f  p a ra th io n  cap ab le  o f  
p roduc ing  m inimal toxicity , R ider  e t  al34 exposed  
groups  o f  five h u m a n  vo lun tee rs  to  daily o ra l  doses  
o f  e i the r  3 .0  mg, 4.5 mg, 6 .0  mg, o r  7.5 m g  for 
periods  app rox im at ing  30 consecu tive  days. E ach  
g roup  c o n ta in e d  2 con tro l  subjec ts  w ho rece ived  
only co rn  oil. T h e  g ro u ps  exposed  to  3.0 m g and
4.5 mg show ed  n o  chan g es  f rom  baseline  C h E  
levels. T h e  g roup  a t  the  6 .0-m g level susta ined  a 
slight (u n spe c if ied )  d ep ress ion  o f  p la sm a  C hE . T he  
effects  o f  7.5 m g/day  w ere  such  th a t  by day  16 the  
p lasm a C h E  levels o f  2 subjec ts  had  d e c re a se d  to 
50%  and  52%  o f  p re te s t  levels, respective ly , at 
w hich p o in t  ad m in is t ra t ion  o f  p a ra th io n  was 
d iscon t inued ;  by day 23 , the  p la sm a  C h E  activity 
o f  a n o th e r  tes t  sub jec t  h a d  d ro p p e d  to  54%  o f  his 
p re tes t  level, a t  w hich  p o in t  his p a r t ic ip a t ion  in the  
study w as ended .  T h e  rem ain ing  2 subjec ts  c o n 
t inued  th r o u g h o u t  the  35-day  tes t  period . T h e ir  
lowest p la sm a  C h E  values w ere  86%  an d  78%  o f  
p re tes t  values, respectively . T h e  low est R B C  C h E  
activity levels o b ta in e d  du r ing  the  s tudy  for the  3 
subjects  to w hom  the  adm in is t ra t ion  o f  p a ra th io n  
was d isco n t in u ed  w ere  63% , 78% , an d  86%> o f  
p re tes t  levels, respectively . T h e  2 subjec ts  who 
c o m p le ted  the  tes t  p e r io d  ex p e r ie n c e d  no  signifi
c a n t  red u c t io n  o f  R B C  C h E  activity. T h e  p lasm a 
C h E  was a ffec ted  to  a g re a te r  ex ten t  tha n  the  RB C 
C hE . T h e  investiga tors  co n s id e re d  th a t  average 
depress ions  o f  the  C h E  activities  in b lo o d  o f  20- 
25% below  co n tro l  values  w ere  significant. T he  
results  d e m o n s t ra te d  th a t  the  daily  ingestion  o f  7.5 
mg o f  p a ra th io n  by m a n  du r ing  35 days led to  a



significant reduc t ion  in b lood  C h E  activities and  
thus cons ti tu tes  an  unsafe  ingestion level. Because 
o f  the  incom ple teness  o f  the  d a ta  on  the  6 .0 -m g 
daily dose , N IO SH  co n c lud es  th a t  only the  4 .5-m g 
daily dose  can  be  reg a rd ed  as the  m axim um  safe 
dose  for p a ra th io n  tes ted .

In a n o th e r  study, E d so n 35 found  tha t  an  oral 
dose o f  7.2 m g para th ion /day ,  5 days /w eek , for 6 
w eeks p ro d u c e d  a 33% dec rea se  in w hole b lood 
C hE  activity  (16%  and  37% for R B C  and  plasm a 
C hE , respect ive ly) in 4 adu lt  fem ale  volunteers. 
This co r re sp o n d e d  to  a  daily oral in take  o f  0 .078  
mg/kg. No significant effects  on the  activities o f  
C h E ’s in b lood  w ere  obse rved  as a  result o f  the 
daily oral ingestion by groups o f  4 subjects  o f  
e i the r  sex o f  0 .6 , 1.2, 2.4, o r  4.8 mg o f  p a ra th ion  
for periods  ranging from  25 to 70 days. T h e  results 
show ed th a t  a safe no-effec t  daily oral dose  o f  
pa ra th ion  in hum ans  was smaller tha n  0 .078  m g/kg 
and  g rea te r  than  0 .058  mg/kg.

In 1958, R ider  et al36 published  the  results o f  
similar s tudies  which  d e m o n s t ra te d  tha t  the  daily 
ingestion o f  0 .05 m g/kg /day  o f  p a ra th io n  by h u 
m ans p ro d u c e d  no  significant d ec rea se  in p lasm a 
o r  RBC C h E  activities and  thus  cons t i tu ted  a  safe 
ingestion level.

Kay e t  al58 s tud ied  the effects  o f  ex posu re  to 
p a ra th ion  sprays on  the  C h E  activities  o f  the  b lood 
o f  Q u e b e c  apple-growers .  A irb o rn e  p a ra th io n  c o n 
cen tra t ions  w ere  d e te rm in ed ,  using im pingers  and  
fritted glass bubb lers  in series, b o th  during  and  
a f te r  spraying o f  15% w ettable  p o w d e r  (W /w )  in 
co n cen t ra t io n s  o f  0 .75  to 1.5 lb /100  gal o f  w a te r  
and  d ispersed  at the  ra te  o f  300-400  gallons/acre .  
T he  o rc h a rd s  w ere  sprayed  f rom  early  M ay 
through  June .  M easu rem e n ts  w ere  m a de  in 4 
o rch a rd s  during  approx im ate ly  4 w eeks, beginning 
on  M ay 28th . Both  hand-he ld  and  m echan ica l  
sprayers  w ere  used. Air sam ples  ta k e n  f rom  the 
b rea th ing  zones  o f  the  o p e ra to rs  ran g ed  f rom  2 mg 
to  15 m g /m 3 o f  air, reflecting do w nw in d  versus u p 
wind (w ith  heavy “ blow b a c k ” and  resu l tan t  high 
ex p o su re )  spraying. T h e  sprayers  w ere  exposed  for 
app rox im ate ly  2 days a t  10-day intervals  du r ing  a
2 -m on th  period . Personal p ro te c t iv e  m easures ,  
such  as coveralls, ru b b e r  boots ,  caps ,  and  fabric 
mitts, w ere  used by som e w orkers .  R esp ira to rs  
w ere indifferently  used  by app rox im ate ly  one-th ird  
o f  the  g roup. Both RB C  and p la sm a  C h E  activities 
w ere d e te rm in e d  by a m odified  M ichel techn ique .  
Blood sam ples  w ere  tak en  th r ice  du r ing  the  sp ray
ing pe r iod  and  singly during  the  first an d  fourth  
m o n th s  following the  te rm ina t ion  o f  exposu re ,  for  
use as con tro l  values. D epression  o f  RB C C h E  a c 
tivity at the  end  o f  exposure  av eraged  2 1 % for all

sprayers, 27%  for those  rep o r t in g  sym ptom s, and 
17% fo r  those  rep o r t in g  n o  sym ptom s,  the  d if
fe rence  b e tw e e e n  the  depress ions  in the  sy m p to 
m atic  and  the  sym ptom -free  groups  being  insignifi
can t.  T h e  results  fo r  p lasm a C h E ,  how ever,  
p re sen ted  a d ifferen t p ic tu re .  In the  g roup  re p o r t 
ing sym ptom s,  the  p la sm a  C h E  activity  was 20% 
low er tha n  in the  g ro u p  rep o r t in g  no  sym ptom s. 
Using the  average  co n tro l  value  fo r  all subjects  
d e te rm in e d  app rox im ate ly  3 m o n th s  following ex 
posure ,  the  p lasm a enzym e activities in the  groups 
repo r t ing  sym ptom s and  no sym ptom s were 
d ep ressed  22% and  3.5% , respectively. The 
au tho rs  re p o r te d  tha t  app rox im ate ly  o n e -h a lf  the 
exposed  w orkers  re p o r te d  n o  sym ptom s o f  ill- 
health . T h e  sym ptom s m e n t io ne d  by the  rem aining  
half  inc luded  nausea , h ead ach es ,  a n d  o th e r  n o n 
specific sym ptom s on o n e  o r  m ore  occasions,  with 
a few cases  o f  confin ing  illness o f  shor t  du ra t ion . 
T w o m a jo r  po in ts  m ust  be em ph as ized  co ncern ing  
these  results. Firstly, the  ex posu re  to  p a ra th ion  
was in te rm i t ten t  allowing tim e for partia l  re tu rn  o f  
b lood C h E  activity. R e ge ne ra t io n  an d  rep lacem en t  
o f  enzym e activity b e tw een  exposu re s  undoub ted ly  
a c c o u n t  for the  fact  th a t  depress ions  w ere  no t  
m ore  severe  in light o f  the m a gn i tud e  o f  the  a i r 
bo rne  exposu re  to pa ra th ion .  Second ly , little 
em phasis  can  be p la ced  o n  the  associa tion 
be tw een  the  o c c u r re n c e  o f  the  rep o r ted  n o n 
specific sym ptom s and  the  levels o f  depress ion  o f  
RB C  an d  p la sm a  C h E  activities  d u e  to  the  inability 
to ca lcu la te  inc idence  ra tes  from  the  data .  Hayes 
e t  al59 found  tha t  par t - t im e  O P  insec tic ide  app lica 
tors ex p e r ien ced  n au sea  no m o re  frequen tly  than  
did con tro ls  (5%> vs 4 % ) and  h e a d a c h e  less o ften  
(5%  vs 19%).

C N S  effects  o f  ch ro n ic  exposu re  to  p a ra th ion  
and  sim ilar co m p o u n d s  have b e e n  re p o r te d .8063 
G ershon  an d  Shaw®' re p o r te d  the  effects  on  the 
C N S o f  16 w orkers  “ chron ica lly  e x p o se d ” to  O P  
insectic ides, inc luding pa ra th io n .  O f  the  16 cases 
m e n t io ne d ,  only 4 case  rep o r ts  w ere  p re sen ted  by 
the  au thors .  In on e  case  involving p a ra th io n  ex p o 
sure, the  individual exh ib i ted  severe  depress ion , 
n igh tm ares ,  im pa irm en t  o f  c o n c e n t ra t io n  and 
m em ory ,  h e ad ach e ,  and  irritability. A 
sch izoph ren ic  reac t io n  inc lud ing  aud ito ry  hallu 
c inations was o bse rved  in a second  para th ion-ex-  
posed  w orker .  N a u se a  an d  vom iting , m uscle  
c ram p s ,  and  dizziness also o c c u r re d  in both . 
Pa ra th io n  ex p o su re  levels w ere  n o t  reported .  In 
bo th  o f  the se  cases, a f te r  cessa t ion  o f  ex posu re  for 
several m o n th s ,  these  effects  d is ap p ea red  an d  the 
pa t ien ts  w ere  feeling well. H ow ever,  it m us t  be 
em phas ized  tha t  bo th  o f  these  cases  involved e x p o 



sure to  p a ra th io n  and  o th e r  C hE -inh ib i t ing  insec ti
cides. O th e r  investiga tors64"*8 have p re sen ted  
reasons, an d  da ta ,  to  d o u b t  the  conclus ion  o f  
G ersh o n  and  Shaw th a t  the  psychoses  s tud ied  by 
them  w ere  co n seq u e n c es  o f  ex posu re  to O P  c o m 
pounds.

Mixed exposures  to  pestic ides  a re  c o m m o n  in 
agricu ltu re ,  a s ituation  w hich  co m p lica tes  d is t in 
guishing defin ite , specific biologic responses  to  ex 
posures  to  individual co m p o u n d s .  In a  sim ilar vein, 
D avignon e t  al62 rep o r ted  on  the  ch ro n ic  effects  o f  
insecticides, including pa ra th io n ,  in man. Signs o f  
possible ch ron ic  in tox ication  d u e  to insecticides 
were sough t  am on g  441 apple-growers .  Because  
the g row ers  had  been  exposed  a t  various t im es to 
u n d e te rm in ed  quan ti t ies  o f  m a la th ion ,  pa ra th ion ,  
az inphosm ethyl,  c a rb o p h e n o th io n ,  D D T , endrin ,  
carbaryl ,  and  o th e r  insectic ides, the  obse rved  in
creased  inc idences  o f  leu ko p en ia  an d  neuro log ic  
abnorm ali ties ,  including w eaken ing  o r  loss o f  
reflexes an d  d is tu rbances  in equ il ib r ium , cou ld  no t 
be a t t r ib u ted  securely  to para th ion .

D u rh am  e t  al,63 in a study o f  53 persons  exposed  
to O P  insecticides to  d e te rm in e  w h e th e r  o r  no t  
m ental  effects  m ay p re c e d e  or ta k e  p lace  in the  
com ple te  ab sen ce  o f  o th e r  m ore  d isabling signs or 
sym ptom s o f  O P  poisoning, found  n o  m enta l  ef
fects at levels w here  o th e r  clinical sym ptom s were 
no t  also p resen t.  In on e  case ,  an  a i rc raf t  loade r  
was exposed  to u n d e te rm in e d  am ou n ts  o f  
pa ra th ion ,  te t rae thy lp y ro ph o sp ha te ,  d e m e to n ,  and  
m evinphos  at various tim es fo r  app rox im ate ly  6 
weeks. Som etim e a f te r  the  th ird  w eek , he 
frequently  becam e dizzy, n o ticed  a  slowing o f  his 
driving reac tions,  an d  com p la in ed  o f  a  loss o f  
sense o f  timing. Prior to  the  a p p e a ra n c e  o f  these 
effects, his b lood C h E  activity was show n to  be 
severely dep ressed  (R B C  and  p la sm a  C h E  activ i
ties w ere  repo r ted  as 0 .10  an d  0 .27A pH /hr ,  
respectively). In add it ion ,  o th e r  m o re  co m m o n  
signs o f  poisoning, such  as m u scu la r  twitching 
(eyelids) , nausea , and  anorex ia ,  had  p re c e d e d  the 
m ental  effects. M enta l  confus ion  an d  ha l luc ina
tions o c c u r re d  in a n o th e r  w o rk e r  a f te r  6 w eeks  o f  
spraying trees  with p a ra th io n  using a  hand-he ld  
sprayer. H ead ach e ,  nausea ,  an d  pares thes ia  
p reced ed  the m enta l  effects , w h ich  inc luded  c o n 
fusion, hallucinations, an d  am nesia .  N o n e  o f  the  
so-called m ental  effects  pers isted  a f te r  te rm ina t ion  
o f  exposure .

T h e re  is an  ind ica t ion  tha t  e lec t ro m y o g rap h y  
(E M G )  can  de tec t  changes  in n e u ro m u sc u la r  fu n c 
tion in p ara th io n -ex p o sed  w orkers  w ho  show no  
ev iden t  effect  f rom  the ir  ex p o su re .67,68 T hese

changes  w ere  p re se n t  in tes t  sub jec ts  exposed  to  a 
variety  o f  pestic ides  even  w hen  th e re  was n o  m e a 
su rab le  d e c re a se  in b lo o d  C h E  activity  o r  adverse  
changes  as ind ica ted  by rou tine  physical ex a m in a 
tion.67 E M G  m ay p ro v e  to  be  a  sensitive m e th o d  to 
provide  an  early w arn ing  o f  ex p o su re  to  p a ra th ion  
as well as o th e r  O P  pesticides.

Som e a t ten t io n  has  b e e n  given to  the  possibility 
tha t  p a ra th io n  m ay  p ro d u c e  th e  type  o f  paralysis 
re p o r te d  as a  c o n s e q u e n c e  o f  ex p o su re  to  T O C P  
(tri-o-cresyl p h o sp h a te ) ,  D FP , a n d  m ipafox  ( N ,N ’- 
d iiso p ro py lp ho sp h o rod iam id ic  f lu o r id e ) .69 B idstrup 
e t  al89 s ta ted  tha t  acc o rd in g  to  th e ir  obse rva tions  
the  n o te d  effects  o f  m ipafox  close ly  resem bled  
those  o f  “ g in g e r” paralysis  cau sed  by the  drink ing  
o f  ex t ra c t  o f  J a m a ic a  g inger  c o n ta m in a te d  with 
T O C P . A l though  a case  re p o r t70 o f  su spec ted  
p a ra th io n -p ro d u c e d  d e lay ed  paralysis  was 
published  in 1950, it d o e s  no t  c learly  im plica te  
p a ra th io n  as a cause  o f  p e rm a n e n t  n eu ro m u scu la r  
dam age .  P e try 70 re p o r te d  th a t  d e lay ed  po lyneuritis  
d eve loped  in a  w o rk e r  w ho  had  sp rayed  a  d ilu te  
solu tion  o f  p a ra th io n  with in  c losed  ho th o u ses  d u r 
ing a 4 -w eek  period .  S u b seq u en t  to  eac h  o f  10-12 
app lica t ions ,  the  m an  ex p e r ie n c e d  n ausea ,  an  urge 
to  vomit, an d  anorex ia .  A p p rox im a te ly  50  days fol
lowing the  last spraying, du ring  which  t im e he 
b e cam e  ill with severe  gastritis  and  was hosp ita l
ized, he  n o ticed  a  feeling  o f  tingling, num bness,  
and  w eakness  in his legs w hich  u lt imately  
p rog ressed  to  a  p e rm a n e n t  paralysis  o f  the  
pe ro n eu s  muscles. H ow ever,  this ap p ea rs  to  be an 
isolated  h u m a n  case  a n d  d e lay ed  adverse  n e u 
ro m u scu la r  effects , such  as paralysis, have no t  
been  show n to  be a  usual e ffect  o f  p a ra th io n  ex p o 
sure, e i th e r  acu te  o r  ch ron ic .

T h e  q ues t ion  o f  variability  o f  individual su scep ti 
bility to  p a ra th io n  po ison ing  has n o t  b een  s tud ied  
fully. E xperim en ta l  d a t a 71 ind ica te  strongly  tha t  
bo th  p la sm a  a n d  RB C C h E  m ay  serve as 
“ b u ffe rs” , p ro tec t ing  func tiona l  A C h E  fro m  inhibi
t ion  by D FP. A lthough  few in n u m b e r ,  th e re  a re  in 
the  g enera l  popu la t ion  peo p le  w ho  have  a gene tic  
p lasm a C h E  varian t20,21 w hich, in the  he te rozygous  
o r  a b n o rm a l  hom ozygous  s ta te ,  m ay  serve less well 
as a buffer than  the  no rm al  enzym e. H ow ever,  
T ab ersh aw  an d  C o o p e r9 in s tudying the  case  h is to 
ries o f  108 individuals  po isoned  by p a ra th io n  or 
o th e r  O P  pestic ides  found  tha t  5 persons  with  the 
h e te rozygous  varian t  w ere  n o t  m o re  severely  
po isoned  tha n  those  with  the  n o rm a l  enzym e. P e o 
ple he te rozygous  fo r  this varian t  o c c u r  in the  n o r 
mal p o pu la t io n  to  the  ex ten t  o f  37 /1 ,0 0 0 ,  while 
the  f req u en cy  o f  the  a typical h o m ozygo te  has been
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es t im ated  a t  1/2820 o f  the  p o p u la t io n .21 D ep res 
sion o f  liver funct ion  by hep a to to x ic  m ate ria ls  can  
result in low er p la sm a C h E .72 L ow  p la sm a  levels 
are  also seen  in m alnu tr i t ion ,  ch ro n ic  deb ili ta ting  
d isease , a cu te  in fectious d isease , a n d  an e m ia .72'74 
Drugs w hich  have b e e n  show n to  d e c re a se  p lasm a 
C h E  activity  inc lude physostigm ine an d  re la ted  
c o m p o u n d s ,75 V itam in  K,72 folic a c id ,72 
te t rae th y lam m o n iu m  ch lo r ide ,72 qu in ine  an d  a 
n u m b e r  o f  o th e r  an t im alaria l  d ru g s ,78 m orph ine ,  
codeine ,  and  re la ted  analgesics .77

T he  ra te  o f  re tu rn  o f  p lasm a C h E  activity to  its 
norm al value in m an  following dep ress ion  by 
p a ra th ion  has b een  show n to  be app ro x im a te ly  3- 
4 % /d ay .18 In a study  o f  18 subjec ts  w hose p lasm a 
and  RBC C h E  had  b e e n  d ep ressed  by para th ion ,  
the  p lasm a enzym e inc reased  a t  an  average  ra te  o f  
app rox im ate ly  9% o f  no rm al activ ity  du r ing  each  
o f  the  first 3 days. This ra te  d e c re a se d  to  5% by 
the  fou rth  day  and  to  3% by the  te n th  day, a f te r  
which it rem a ine d  steady. D uring  the  first 3 -days 
following depress ion , the  RB C en zy m e  activity in
c reased  at an  average ra te  o f  app rox im ate ly  3.3%  
o f  no rm al activity. This ra te  d im in ished  to  b e tw een  
1-2%/day by the  fo u r th  day and  re m a in e d  re la t ive
ly co n s tan t  the re a f te r  (R B C  C h E  activity  inc reased  
ab o u t  90%  in 70 days).

Epidem iologic Studies
E pidem iologic  studies o f  pa ra th io n -ex p o sed  

w orker  p opu la t ions  have been  d ire c te d  a t  identify
ing the  types  o f  w orkers  at g rea tes t  risk, the  e n 
v ironm enta l  cond it ions  associa ted  m o s t  frequen tly  
with poisoning, an d  the  biologic results  o f  p ro 
longed exposure  in an effort  to  d e te rm in e  w h e th e r  
o r  no t ch ron ic  effects  occu r .  O n e  s tudy50 involving 
exposure  to  p a ra th ion  ind ica ted  th a t  m ixing-plant 
personne l,  com m erc ia l  g round  ap p lica to rs ,  a irc raf t  
app lica t ion  w orkers ,  an d  o rc h a rd  w orkers  w ere  the 
groups a t  g rea tes t  risk, while field m en  and  
w areh o u sem en  were a t  lesser risk.

In 1976, M addy  and  P e op les78 re p o r te d  on  o c c u 
pational illnesses du e  to exposure  to  pestic ides  or 
the ir  residues in C a lifo rn ia  during  1973-75. U n d er  
the ca tegory  o f  system ic illness the  5 o ccupa t ions  
experienc ing  the  g rea tes t  p ro b lem s  in those  years 
were: (1 )  g round  ap p lica to rs— 96 cases; (2 )  mixers 
a n d /o r  loade rs— 74 cases; (3 )  in d o o r  w orkers  ex 
posed to  pestic ides— 50 cases; ( 4 )  fo rm ula t ion  
p lant w o rk e rs—41 cases; and  (5 )  f i rem en  exposed  
to pesticide fires— 37 cases. Field w orkers  exposed  
to pesticide residues was the  n u m b e r  6 category , 
with 28 rep o r ted  systemic illnesses.
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T h e  rem ain ing  18 ca tego r ies  a c c o u n te d  for only 
39% o f  the  re p o r te d  o c c u p a t io n a l  illnesses du e  to 
pesticides. T hese  d a ta  ind ica te  the  m o re  h azardous  
o c c u p a t io n s  in the  pes tic ide  “ ind u s t ry .” This re 
po r t  by M addy  an d  P e op les78 en co m p asses  all 
pesticides  an d  is no t  specific  to  pa ra th ion .

In 1950, Brow n an d  Bush79 re p o r te d  a study of 
w orkers  in an  industria l  p la n t  m a nu fa c tu r in g  b o th  
c o n c e n t ra te d  p a ra th io n  and  a  dus t  fo rm ula t ion  
con ta in ing  pa ra th ion .  A ir sam ples  w ere  ta k e n  a t  8 
locat ions th r o u g h o u t  th e  p lant ;  2 sam ples  w ere  
tak en  in the  b rea th in g  zone o f  w o rk e rs  an d  the  
o thers  w ere  genera l  a tm o sp h e re  samples. Blood 
C h E  (R B C  an d  p la sm a)  activity  m e asu rem en ts  
w ere  p e r fo rm e d  o n  12 w o rk e rs  en g ag ed  in various 
jo b s  d u r in g  a  6 -m o n th  period . T h e  c o n c e n t ra t io n  
o f  p a ra th io n  in the  a ir  varied  f ro m  0.1 to  0.8 
m g /m 3, with a  m e a n  ex posu re  c o n c e n t ra t io n  o f  
ab o u t  0 .2 -0 .3  m g /m 3. D etails  o f  t im es  o f  sampling  
w ere  n o t  given. A g re a te r  tha n  30% dep ress ion  in 
e i the r  o r  b o th  p la sm a  an d  R B C  C h E  activity  was 
o bse rved  in 5 exposed  w orkers  f rom  w hom  succes
sive b lood  sam ples  w ere  ta k e n  du r ing  a  6 -m on th  
p ro d u c t io n  period. T h e  au tho rs  r e p o r te d  th a t  the 
p lasm a en zy m e  activity  was d ep re ssed  m o re  than  
tha t  o f  the  R B C ’s. H ow ever ,  b ased  on  b lood  C hE  
activity levels m e asu red  5 m o n th s  following the 
cessat ion  o f  p a ra th io n  m a n u fa c tu re  (ie , using these 
values as co n tro l  levels) RB C  en zy m e  activity was 
d ep ressed  to  a g rea te r  ex ten t  tha n  th a t  o f  the  
p lasm a in these  5 w orkers  du r ing  the  exposure  
phase. S ince  the  d a ta  d o  n o t  allow  fo r  co rre la t ion  
o f  the  C h E  activity  o f  w hole  b lood  with a i rbo rne  
c o n c e n t ra t io n s  o f  p a ra th io n  on  a  p rec ise  basis, the  
only reasonab le  conc lus ion  f rom  th e  results  is tha t  
co n tin u o us  exposu re  to an  a i rb o rn e  c o n c e n t ra t io n  
o f  p a ra th io n  above  0 .2 m g /m 3 can  result in a 
r educ t ion  in b lood  C h E  activity. T h e  d a ta  d o  no t  
identify a  safe ex posu re  level. N o  m e n t io n  was 
m a de  o f  p e rc u ta n e o u s  p a ra th io n  absorp tion .

A r te rb e r ry  and  assoc ia tes50 used  m e asu rem en ts  
o f  bo th  b lood  C h E  an d  u rinary  excre t ion  o f  P N P  
to  identify o c c u p a t io n s  with high exposures  to 
para th ion . T hese  b iologic ind ica to rs  w ere  used to 
d e te rm in e  the  ex ten t  o f  ex p o su re  to  p a ra th io n  bv 
w orkers  pe rfo rm ing  a  varie ty  o f  jobs .  T h e  study 
g roups  inc luded  mixing p lan t  p e rsonne l ,  c o m m e r 
cial g ro u nd  app lica to rs ,  pa rt- t im e g ro u nd  app lica 
tors, a i rc ra f t  app lica t ion  w orkers ,  w orkers  in 
o rch a rd s  (especia lly  th in n e rs ) ,  field m en, 
w a reh o u sem en ,  m isce l laneous  w orkers ,  and  r e 
sidents  living n ea r  o rch ard s .  Only  the  mixing p lant  
w orkers  show ed  a defin ite  dec rea se  in C h E  activity 
within the  b lood , lim ited  to  C h E  activity  in the  
R B C ’s (3 6 %  decline) .  P N P  ex cre t ion  was g rea tes t



in the com m erc ia l  g ro u n d  ap p l ic a to r  g roup  and  
d ecreased  in the  following order:  par t - t im e  g round  
applica tors ,  mixing p lant  pe rsonne l,  a i rc raf t  app li
cation  w orkers ,  and  w orkers  in o rch a rd s  
(especially  th inners).  T h e  PN P excre t ion  o f  the 
field men  and  w areh o u sem en  was less than  half 
tha t  o f  the o rch a rd  workers .  T h e  study d e m o n 
stra ted  tha t  mixing p lan t  pe rsonne l,  g round  a p 
plica tors  (co m m erc ia l  and  p a r t - t im e) ,  a irc raf t  a p 
plica tion  w orkers ,  and  o rch a rd  w orkers  w ere  the 
groups a t  g reatest  risk, while field m en  and 
w areh o u sem en  were at lesser risk.

Q uinby  and  L e m m o n 1J called  a t ten t io n  to  the 
residue o f  p a ra th ion  on the  foliage o f  t rees  and  
vines as a source  o f  poisoning. T h ey  investigated 
1 1 ep isodes  o f  g roup  po ison ing  involving m ore  
than  70 persons  from pestic ide  res idues  on  the  su r
faces o f  p lants . Illness was con f irm ed  by low b lood 
C h E  values and re lief  o f  sym p tom s by a trop ine . 
O ne  ep isode  involving 16 cases o c c u r re d  33 days 
after  spraying. T w o  days a f te r  the  o u tb rea k  o f  
poisoning, res idue analysis show ed  th a t  the  leaves 
con ta in ed  8 ppm  o f  para th ion .

Milby and  c o w o rk e rs11 s tudied  an o u tb re a k  of 
para th ion  poison ing  in 186 p e a c h  o rc h a rd  workers. 
A fter e l im ina tion  o f  the  spraying-picking interval 
by m a tc h in g  w orkers  in the  various o rch a rd s  on 
the basis o f  similar m ean  intervals, illness 
d eve loped  in o rch a rd s  tha t  rece ived  an average  of
7.14 p o un d s /ac re  o f  p a ra th io n  bu t  did  no t  deve lop  
in those  tha t  rece ived  an  average  o f  4 .99 
p ounds /ac re .  H ow ever,  Milby e t  a l ,11 utilizing 
b rea th ing  zone air sam ples  and  skin washes to 
m easure  the  po ten tia l  inha la t ion  and  d erm al expo 
sures, ca lcu la ted  tha t  the  maxim al daily dose  o f  
para th ion  with which a w o rk e r  cou ld  have co m e 
into c o n ta c t  was no t in excess o f  4 mg. This value 
was der ived  in the  following m anner :  the  ingestion

o f  4 p e a c h e s /d a y  with p a ra th ion  res idue levels o f  
125/xg/peach; inha la t ion  o f  350/Ag p a ra th io n /d ay  
based  o n  the  h ighest  b rea th in g  zone  co n cen t ra t io n  
found  in the  study, 35/n.g/m3, an d  a b rea th ing  rate  
o f  10 m 3/day; an d  a ca lcu la ted  daily de rm al  ex p o 
sure o f  a ro u n d  3,000f/.g based  o n  multip ly ing the 
results o f  skin-rinse analyses  by skin surface  areas. 
They  co n c lu d e d  tha t  insufficient p a ra th io n  was 
p resen t  on  the  su rface  o f  t rees  to  p ro d u c e  illness 
in the  o rc h a rd  w orkers ,  an d  th a t  som e u n m e a 
sured , yet active an t ic ho l in es te rase  agen t ,  p robab ly  
pa raoxon , also m us t  have b een  presen t .  S upport ing  
this conc lus ion  was the  fac t  tha t  on e  sam ple  o f  
leaves ana lyzed  for p a rao x o n  ind ica ted  the 
p resence  o f  3 .0  p p m  p a rao x o n  an d  2.8 ppm  
para th ion .
Animal Toxicity

Table  III-4 sum m arizes  an im al d a ta  on  the  tox 
icity o f  p a ra th io n  by various rou te s  o f  ad m in is t ra 
tion. Evaluative o r  qualifying in fo rm at ion  on  each  
study is inc luded  in the  m o re  co m p le te  descrip tion  
o f  the s tudy  as re p o r te d  in the  text.

(a )  A cu te  Effects
L D 50  d a ta  for various species a re  p re sen ted  in 

Tab le  III-2.
B ecause  the re  is a s ignificant sex d if fe rence  in 

response  to  p a ra th io n  in rats ,5’80 s ep a ra te  values 
are  p rov ided  for m ales  an d  females. Such  m a rk ed  
sex d if fe rences  w ere  n o t  seen in o th e r  species .5'8UiH1

(b )  S u b acu te  S tudies
A cum ula t ive  toxic a c t io n  o f  p a ra th io n  in fem ale 

rats was show n by D uBois  e t  a l .80 A fter  daily in- 
t rap e r i to n ea l  doses  o f  3 m g/kg  o f  pa ra th io n ,  none  
o f  15 tes t  an im als  survived m o re  than  five doses  o f  
the  insecticide. Daily in t rap e r i to n ea l  doses  o f  1 
and  2 m g /kg  o f  p a ra th io n  fo r  10 days resu lted  in 
46%  an d  87%  m orta l i ty ,  respectively . N one  o f  5

T A B L E  III-2  

L D 50 V A L U E S O F PA R A T H IO N  
(m g/kg)

IV [80] IP [80] Oral [5] Dermal [5]
Rats

Male —  7 13 21
Female —  4 3.6 6.8

Mice —  9-10 —  —
Cats 3-5 —  —  —
Dogs 12-20 —  —  —
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TABLE III-3
EFFEC TS O N  H U M A N S FR O M  P A R A T H IO N  EX PO SU R E

Route(s) of 
Exposure

Number of 
Subjects Exposed

Exposure Concentration and Duration Effects Reference
Respiratory 1

Derm al and 
respiratory

1 female 
and 32 male 
adults  ( 39 
nonexposed 
controls)

I male

12. plus 
I listed 
as being 
"not exposed"
I 15*

2%  p ara th ion  dust ( P D )  heated 
to 8 2 CF  for 30 min. on  day 1; 
2%  P D  heated  to 120°F  for 30 
min. on  days 2 and 3; 1 ml tech 
pa ra th io n  ( T P )  heated  to 8 2 °F  
fo r  30 min. on  day 6; 1 ml T P  
hea ted  to  105 °F  for 30 min. on 
day 8; 1 ml T P  heated  to 120 F  
for  30 min. on  days 10-12 (in 
all exposures brea th ing  zone 
concentra tions  of  p a ra th ion  were 
u n k n o w n ).
F irs t  3 exposures listed for above 
subject.

1 ml T P  heated  to 105-115°F  
for 30 min. on 4 consecutive 
days; 5 ml T P  heated  to  150 °F  
for 10 min. on  5th day.

A  “ few days” (unspecified) ex
posure during each 10-day spray
ing interval over  a 2 -m onth  pe 
riod to a irborne  concen tra tions 
of para th ion  ranging from  2 to 
15 m g /c u  m (dur ing  orchard- 
spraying opera t ions) .

Exposed  to a 1 :10 ,000  spray of 
p a ra th ion  10-12 times during a 
1-month period  (dur ing  h o t
house spraying opera t ions) .

In te rm it ten t  exposures to  p a ra 
th ion at  concen tra tions  of  0.1- 
0.8 m g /c u  m.

Varied, but un k n o w n  (no  air 
sampling pe rfo rm ed ) .

N o  signs or  sym ptom s of  para th ion  [37]
poisoning observed. A t 8 2 °F ,  lowest 
RBC C h E  activity was 8 0 %  of p re 
exposure value. Insignificant plasma 
C h E  inhibition. N o  depression of 
C h E  activities at 105°F. A t 120“F, 
lowest RBC and p lasm a blood C hE  
activities were 63%  and 66% of p re 
exposure values, respectively.

N o  signs o r  sym ptom s of  pa ra th ion  [37]
poisoning observed. A t  8 2 °F .  low'est 
RBC C h E  activity was 8 5 %  of p re 
exposure value; insignificant inhibi
t ion of  plasma ChE. A t  120°F , low
est R BC and p lasm a C h E  activities 
were 78 %  and 8 9 %  of preexposure 
values, respectively.
N o  clinical signs of  poisoning either [37]
during or following the first 4 ex
posures; af ter  10 min. at 150°F  
(acc iden ta l) ,  the subject developed 
unspecified signs of  para th ion  pois
oning.
Signs and sym ptom s, including head- [58]
aches and nausea, were reported  by 
about  one-half  of  the exposed group.
Average RBC and plasma C h E  activ
ities were 21 % and 13% lower at the 
end of  the spray period than they 
were about  4 m onths  later. T he  
plasm a C h E  activity in the group 
with sym ptom s was 2 0 %  low'er than 
in the sym ptom -free  group.
Subject experienced nausea and vom- [70]
iting several hours after each spray
ing: was hospitalized about 2 months 
later with gastritis. Ultim ately d e 
veloped polyneuritis  in the legs.
N o  signs or  sym ptom s of para th ion  [79]
poisoning. Apparently  significant de 
pressions o f  both RBC and plasma 
C h E  activit ies in some employees.
36%  decline (m e a n )  in the RBC [50]
C h E  activity in the blood of mixing- 
plant employees. N o  significant de
cline in the p lasm a C h E  activity of 
either mixing-plant employees or any 
of  the o ther exposure groups.
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TABLE III-3 (c o n t i n u e d )

Route(s) of 
Exposure

Number of Subjects Exposed
Exposure Concentration 

and Duration Effects Reference
Derm al

Oral

Not stated 
( cotton-field 
workers)

5. plus 2
nonexposed
controls

4 (males 
and females)

E n te red  the field about 12 hours 
af ter  the aerial application of  a 
m ixture of  methyl para th ion  and 
para th ion ;  w orked  for  2.5-3 
hours.
Subjects orally ingested capsules 
containing 3.0, 4.5, 6.0, o r  7.5 
mg p a ra th io n /d a y  for  approx
imately 30 days. C ontro ls  r e 
ceived corn  oil only.

Subjects  orally ingested 0.6, 1.2, 
2.4, 4.8, or  7.2 mg p a ra th ion /  
day, 5 d a y s /w ee k  fo r  25-70 days 
(4  adult  females received the 
7.2 m g /d a y  d o s e s ) .

8 (4 males 
and 4 females)

Subjects orally ingested 4 dose- 
levels of  para th ion  for 12 weeks 
at 3 weeks/dose-level.  T h e  suc
cessive doses (capsules conta in
ing pa ra th io n  in co rn  oil) were 
0.003, 0 .010, 0 .025, and 0.050 
m g /k g .  2 subjects received corn 
oil only.

23 workers  exhibited signs/'symp- [8]
toms of  O P  poisoning; 13 required  
hospitalization while 10 were suc
cessfully treated as outpatients.

N o  significant inhibition of RBC or [34]
plasma C h E  activities at 3.0 and 4.5 
m g /d a y  doses. “Slight" (unsta ted  % ) 
inhibition of  p lasm a C h E  at the 6.0 
mg para th ion- day dose. P lasm a ChE 
activities w'ere inhibited to 50%  and 
52% of  pretest levels in 2 o f  5 sub
jects receiving 7.5 mg p a ra th io n /d a y  
for 16 days. After  23 daily doses of
7.5 m g para th ion, a third subject's 
plasma C h E  activity was 54%  of his 
norm al value. Effects were less on 
the R BC activities of  the exposed 
subjects. N o  s igns /sv m ptom s of po i
soning were reported  by the authors.
Effects on blood C h E  activities were [35]
observed only at the 7.2 m g /d ay  
dose: whole blood C h E  activity de 
clined to 67% of control activity 
af ter  6 weeks (R B C  and plasma C hE  
activities at this t ime w'ere 84% and 
63%  of contro l activities, respec
tively). N o  s igns /sy m ptom s of p a ra 
th ion  poisoning were repor ted  by the 
author.
N o  effects on RBC or  plasma C h E  at [36]
any dose level. N o  signs; symptoms 
of para th ion poisoning were reported  
by the authors.

* 35 mix ing-plant personnel, 2 com m ercial  g round  applicators, 44 part-time ground  applicators,  4 a ircraf t  applicat ion workers, 
7 o rch ard  workers, 3 fieldmen, w arehousem en , and  miscellaneous workers ,  and  20 residents n ea r  o rchards.

24



TABLE III-4
RESULTS OF A N IM A L  TO X IC IT Y  STUDIES OF PA R A T H IO N

Route ofAdministration Species Number Results Reference
In traperitoneal injection:

a) 3 m g / k g / d a y
b) 2 m g /k g /d a y
c) 1 m g /k g /d a y
d )  0.5 m g /k g /d a y

Oral: 1 m g /k g  for 9 days, 
followed by 2 m g /  kg for 
2 days, followed by 
5 m g /k g  for 4 days
Oral:

a )  12 m g /k g

b) 8 m g /k g

c) 6 m g /k g

d)  4  m g /k g  
Subcutaneous injection:
1-4 m g /k g  for 6 days
In traperitoneal injection:

4.5 m g /k g
a) injected into animals 

fed a casein-free diet 
for 30 days

or
b )  into animals fed a 15% 

casein diet for 30 days
Subcutaneous injection: 
(adm in iste red  in 3 successive 
doses “adequa te  to produce a 
severe cholinergic response” )
In traperitoneal injection:

a)  1 m g / k g / d a y
and

b) 1.3 m g / k g / d a y

Intraperitoneal injection:
1.0 and 1.5 m g /k g  (animals  
killed at 2 or  5 hours 
after  para th ion injection)

Oral:
1.3, 2.6, or  5.3 m g / k g / d a y  
for 5 days

Rats
(fem ale)

Rats
(sex

unsta ted)

Mice

Rats 
( fem ale)

Rats
( male)

a )  15
b )  15
c) 24
d)  5 

U n reported

2 0 /g ro u p  for 
behavioral 
tests; 6 / group 
for C hE  
determ inations

a) i:

b )  12

Chickens U n reported

Rats
(fem ale )  a)  13

b)  13

“4 or  m ore” / 
dose

M ice U n reported
( male)

a) N o ne  survived m ore  than 5 doses
b )  8 7 %  mortali ty after 10 days
c) 4 6 %  mortali ty after 10 days
d)  N o  deaths after 20 days of  dosing 
No alteration of  conditioned behavior

a) Im paired  p e rfo rm an ce  on  a passive- 
avoidance task; killed 40 %  of test

b )  Im paired  p e rfo rm ance ;  killed 19% 
of test mice

c)  Im paired  p e rfo rm ance ;  killed 10% 
of test mice

d)  Im paired  perfo rm an ce
N o  effect on  passive-avoidance learning: 
m arked  effects on brain A C h E

[80]

[82]

[83]

[83]

[8 6 ]

100%) mortali ty

67%  mortali ty

N o  muscular  weakness or  paralysis 
observed

All treated rats exhibited signs of  acute 
para th ion poisoning (trem ors,  respira
tory difficulty, cyanosis).  A progressive 
m yopathy developed in rats receiving I 
and 1.3 m g /k g /d a y .  Less than 5% of 
muscle fibers studied were affected.
Both doses p roduced  similar depressions 
of  brain and RBC C hE :  20-25%  and 
slightly less than  50% inhibition, re
spectively. N o  gross signs of  para th ion  
poisoning were observed. At 2 hours 
after para th ion injection, plasma levels 
of  free corticostcronc increased by 75%  .
N o  significant alteration in the m e tab 
olism of androgens.

[8 8 ]

[89]

[91]

[92
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Route ofAdministration Species Number Results
TABLE III-4 (c o n t i n u e d )

Reference
Inhalation:

a) 0.04-230.0 m g /c u  m 
for 4 hours

b)  0.015-37.1 m g /c u  m 
for 4 hours

c) 0.01 m g /c u  m
7 h o u rs /d a y ,  5 days/  
week, for 6 weeks

d )  0 .10 m g /c u  m 7 h o u rs /  
day, 5 days/w-eek,
for 6 weeks

e) 0 .74 m g /c u  m 7 h ou rs /  
day. 5 days/w eek ,
for 6 weeks

f)  0.001 m g /c u  m 7 
hours 'day, 5 days/ 
week, for 6 weeks

g) 0.01 m g /c u  m 7 hou rs /  
day. 5 days/w'eek.
for 6 weeks

h) 0 .20 m g /c u  m 7 hou rs /  
day, 5 days/w eek ,  
for 6 weeks

Oral:
a )  0.1 8-7.0 m g /k g  

(single doses)
b)  0.50. 1.26, 2.5, and

10.0 m g /k g  
(single doses)

c) 0.25 m g /k g ,  5 days/  
week, for  6 weeks

d )  0 .10 mg./ kg, 5 days/  
week, for  6 weeks

e) 0.05 m g /k g .  5 days/  
week, for 6 weeks

f) 0 .50 m g /k g .  5 days/  
week, for 6 weeks

g) 0 .10 m g /k g .  5 days/  
week, for 6 weeks

h)  0.05 m g /k g ,  5 days/  
week, for 6 weeks

a ) Rats 
(m ale )

b)  Dogs 
(m ale )

c )  Rats 
(m ale )

d)  ”

e )

f )  Dogs 
(m ale )

g)

h)

a) 3 4 /g ro u p

b) 4 / group

c) 8 0 / group

d)  8 0 / group

e) 8 0 /g ro u p

f)  6 / group

g)

h)

a)  L C 5 0  =  84.0 m g /c u  m [Edge-
R B C  C h E 5 0  =  5.4 m g /c u  m wood
Plasm a C h E 5 0  =  7.3 m g /c u  m Arsenal

b )  L C 5 0  =  grea ter  than  37.1 m g / c u m  study]

c)  1 ra t  died on  the 1st day. R B C  C h E  
activity decreased to 6 9 %  of norm al 
during  week 4.

d)  N o  toxic signs were seen. RBC C h E  
activity decreased to 5 7 %  of norm al 
after  1 week o f  exposure.

e)  An im als  developed congestion of  the 
lungs. R B C  C h E  activity decreased 
to 58%  of  norm al af ter  1 week of 
exposure. R B C  C h E  activity de
creased to 16%i o f  norm al after  5 
weeks of  exposure.

f)  N o  significant inhibition o f  either 
R BC or  p lasm a C h E  activities.

g)  RBC C h E  activity decreased to 7 9 %  
of norm al af ter  2 weeks of  exposure;
101% of  norm al at the end o f  the 
6-w'eek exposure  period. A fte r  6- 
weeks exposure, the p lasm a C h E  
activity was depressed to 58 %  of 
normal.

h )  R BC C he activity decreased to  54 %  
o f  norm al af ter  2 weeks o f  exposure; 
p lasm a C h E  activity at this t ime was 
26 %  of  normal.

a )  Rats 
(m ale )

b )  Dogs 
(m ale )

c )  Rats 
(m ale )

d )  "

e)

f)  Dogs 
(m ale )

g)

h )  ”

a )  10 /g ro u p  a) R B C  C h E 5 0  =  2.6 m g /k g  [Edge-
plasma C h E 5 0  =  2.5 m g /k g  wood

b) 4 /g r o u p  b )  RBC C h E 5 0  =  1.5 m g /k g  Arsenal
plasma C h E 5 0  =  1.7 m g /k g  study]

c)  8 0 /g ro u p  c )  R B C  and p lasm a C h E  activities were
inhibited to 4 6 %  an d  5 2 %  of 
norm al af ter  6 weeks o f  exposure.

d )  ” d )  Lowest R B C  C h E  activity observed
was 78%  of norm al a f te r  4  weeks of  
exposure. P lasm a C h E  activity in
hibited to 20%  of  norm al af ter  2 
weeks of  exposure.

e )  ” e) N o  significant inhibition o f  RBC or
p lasm a C hE  activities.

f)  6 /g ro u p  f) R B C  and plasma C h E  activities were
4 2 %  and 15% of norm al,  respec
tively, af ter  6 weeks of  exposure.

g)  ” g) RBC and plasm a C h E  activities were
8 0 %  and 61 %  of  norm al,  respec
tively, af ter  6 weeks o f  exposure.

h )  ” h )  R B C  and p lasm a C h E  activities were
83%  and 5 4 %  of  norm al,  respec
tively, af ter  6 weeks o f  exposure.
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Route ofAdministration Species Number Results
TABLE III-4 (c o n t i n u e d )

Reference
in traperitoneal injection:

a )  3.0 m g /k g ,  given as 
a single ip injection 
to pregnant rats  on 
the 11th day after 
insemination

b) 3.5 m g /k g ,  given as 
a single ip injection 
to pregnant  rats on 
the 11th day after 
insemination

Subcutaneous injection: 
a )  2 m g /k g /d a y  for 

4  davs

b)  1.5 m g / k g / d a y  for  
4 days beginning on 
days 1, 7, or  13 of 
gestation

c )  2.0 m g / k g / d a y  for 
4 days beginning on 
days 1, 7, o r  13 of  
gestation.

In traperitoneal injection: 
injected ip with single doses 
o f  4, 8, 10. 11, or  12 m g /k g  
at varying times during 
gestation. L apa ro tom y 
perfo rm ed  on mice on  the 
19th day o f  gestation.

Rats
(fem ale) a)  5 a )  Sym ptom s o f  poisoning in the dams.

H igh  incidence of  resorptions and 
reduced fetal and  placental  weights. 
O ne edem atous  fetus ou t  of  28.

b )  5 b)  Sym ptom s o f  poisoning in the dams.
High incidence of  resorptions and 
reduced fetal and placental weights. 
N o  fetal m alform ations  reported.

a )  28

52 rats used 
in experiments 
b )  and  c)

Rats a )  Signs of  para th ion  poisoning, includ
ing salivation, lacrim ation, diarrhea,  
and tremors observed in test ani
mals. 2 of  28 rats died af ter  the 2nd 
injection. Severe depression of  blood 
and bra in  A C h E ’s.

b )  Signs of  para th ion  poisoning in dams. 
Brain A C h E  activity of  pups was 
norm al bu t  was depressed in the
dams. N o  fetal resorptions were
observed.

c)  Signs o f  p a ra th ion  poisoning in dams. 
4 rats died, 3 du r ing  the 3rd tri
mester. Brain A C h E  activity of  pups 
was norm al but was depressed in the
dams. N o  fetal resorptions were
observed.

M ice U n repor ted  12 m g /k g  adm inistered  on gestational
( fe m ale )  days 12,. 13, and  14 p rodu ced  90 %

incidence o f  deaths in utero. 12 m g /k g  
adm inistered  on gestational days 8, 9, 
and 10 produ ced  27 %  incidence of 
deaths in utero. Para th ion  significantly 
reduced fetal body weight.

[97]

[98]

[99]

fem ale rats  in jec ted  with  0.5 m g /kg /day  d ied  a fter  
20  days o f  c o n tin u o us  dosing. T h e  sym ptom s 
p reced in g  d e a th  o f  the  an im als  w ere  similar to 
those  o b se rved  in acu te ly  p o isoned  rats. F rom  
these  results  the  investiga tors  c o n c lu d e d  th a t  . . 
c o n tin u ed  ex p o su re  to  suble thal doses  o f  p a ra th io n  
results  in su ba cu te  po ison ing  in rats  and  suggests 
the  possibility o f  a cum ula t ive  ac t ion  by p a ra th io n  
in o th e r  an im als  a f te r  co n t in u ed  ex p o su re  to  the  
in sec t ic ide .”

T he  effect  o f  p a ra th io n  o n  av o id an ce  behav io r  
in the  ra t  was re p o r te d  by Bignami and  G a t t i .82 
Pa ra th io n  was given orally  to  ra ts  previously 
tra ined  to  give av o id an ce  responses  in fully a u to 
m a te d  shuttle-boxes. N o  m odif ica t ions  o f  behav io r  
w ere  o b se rv ed  during  daily doses  o f  1 m g/kg  o f  
p a ra th io n  given for 9 days, o f  2 m g /kg  given fo r  2 
days, an d  o f  5 m g/kg  given fo r  4 days.

In 1973, R e ite r  e t  al83 re p o r te d  the  e ffects  o f  
p a ra th io n  o n  C h E  activities a n d  learn ing  in mice.

A single-trial, pass ive-avo idance  task  was u sed  to 
eva lua te  learning. B lood  an d  b ra in  C h E  activities 
w ere  d e te rm in ed .  M ice u sed  in the  a cu te  phase  o f  
the study w ere  s ta rved  for 18 h o u rs  p r io r  to  oral 
adm in is t ra t ion  by in tu b a t io n  o f  p a ra th io n  (in 
po lye thy lene  glycol) a t  a  dose  o f  6 mg/kg. A t  least 
20 an im als  in ea c h  g ro u p  w ere  used  fo r  the 
behav io ra l  tests an d  at least 6 an im als  p e r  g roup  
for the  C h E  de te rm ina t ions .  This  dose  p ro d u c e d  
d ea th  in a b o u t  10% o f  th e  anim als, usually within 
15 m inu te s  o f  adm in is tra t ion . T h e  an im als  died 
with typical signs o f  p a ra th io n  poisoning: t rem ors ,  
convuls ions,  an d  resp ira to ry  distress. Pa ra th io n  
was ad m in is te red  a t  various  t im es  p r io r  to  the  
learning trial an d  a t  various  t im es p r io r  to  re te s t 
ing. T h e  m ax im um  effec t  on  p e r fo rm an ce ,  a t  a 
dose  o f  6 m g/kg , o c c u r r e d  w hen  p a ra th io n  w as a d 
m inis te red  within the  first h o u r  b e fo re  the  learning 
trial; a b o u t  3 1% o f  the  m ice  t r e a te d  within this 
period  rem a ine d  o n  the  p la tfo rm  du r ing  retesting.
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P ara th ion  in oral  doses  o f  4  mg/kg , 8m g/kg, and  
12 m g/kg  was also adm in is te red  to  g roups  o f  m ice  
45 m inu tes  pr io r  to  the  learn ing  trial. As in the  
case o f  the  6 m g/kg  dose , the se  doses  o f  p a ra th io n  
resulted  in im p a irm e n t  o f  p e r fo rm an ce .  H ow ever ,  
the 8 m g/kg  dose  killed 19% o f  the  m ice  while 12 
mg/kg killed 40% o f  the  an im als  tes ted . Thirty  
minutes  a f te r  adm in is tra t ion  o f  an  o ra l  dose  o f  6 
mg/kg o f  pa ra th ion ,  A C h E  an d  C h E  activities in 
b o th  b lood and b ra in  dec l ined  to  30-55%  o f  c o n 
trols. T o  d e te rm in e  the effects  o f  subacu te  
p a ra th ion  t re a tm e n t ,  m ice  w ere  given daily sc in
jec t ions  o f  p a ra th ion  for a period  o f  6 days in 
doses ranging  from  1 to  4 mg/kg. This  t r e a tm e n t  
had  no e ffec t  on  pass ive-avoidance learning. H o w 
ever, m a rk e d  effects  w ere  seen on  A C h E  an d  C h E  
activities in b lood  an d  brain. It is in teresting  to 
no te  tha t  w hen  m e asu red  18 hours  a f te r  the  sixth 
sc in jec tion , the  2 m g/kg  dose  p ro d u c e d  the  sam e 
deg ree  o f  inhibition which was p re se n t  Vz hour  
a fter  the  6 mg/kg  a cu te  dose , nam ely , a  55% 
reduc t ion  in b ra in  A C h E , with n o  effect  on  le a rn 
ing.

T he  results  ind ica ted  tha t  a cu te  ex posu re  to  high 
doses o f  p a ra th io n  im pa ired  passive-avo idance  
learn ing  in m ice  an d  tha t  m axim al changes  in C h E  
activity co r re la ted  closely with p eak  behav io ra l  ef
fects. C o n t ra ry  to  the se  results w ere  those  in mice 
exposed  subacu te ly  to  pa ra th ion .  N o  effects  on  
learn ing  w ere  obse rved  in m ice  in jec ted  subcu- 
taneously  with  p a ra th io n  fo r  6 days desp ite  the 
fact  tha t  significant depress ions  in b lood  an d  brain  
C h E ’s occu rred .  T h e  au tho rs  c o n c lu d e d  th a t  these 
anim als w ere  ab le  to  co m p e n sa te  fo r  inc reased  
am ou n ts  o f  A C h  at cen tra l  synapses.

T h e  possibility th a t  po ten t ia t io n  m ay  o c c u r  with 
co m b in a t io n s  o f  two o r  m ore  an ticho lines te rase  
agents  has b een  discussed  by D uB ois .84 O f  p a r t ic u 
lar in te rest  has b een  the  c o m b in a t io n  o f  E P N  and  
m a la th ion  w hich  causes  p o te n t ia t io n  o f  the  acu te  
toxicities o f  the  c o m p o n e n ts .85 D uBois  rep o r ted  
tha t  p a ra th io n  show ed  simple, additive  acu te  tox
icity with  E PN , D ip terex , Systox, C o-R al ,  an d  Di- 
Syston an d  less than  simple, add itive  acu te  toxicity 
with m a la th ion  an d  G uth ion .  P o ten t ia t io n  o f  tox 
icity was n o t  obse rved  fo r  para th ion .

O th e r  factors  which  may inf luence  sensitivity to 
pa ra th ion  include d ie t  and  p reex p o su re  levels o f  
p lasm a a n d  RBC ChE . In a s tudy  o f  the  effects  o f  
diet,  C aste r l ine  an d  W illiams86 found  th a t  low 
p ro te in  d ie ts  inc reased  the  susceptib il i ty  o f  rats  to 
para th ion .  An in t raper itonea l  dose  o f  4.5 m g/kg  
resu lted  in 100% m orta l i ty  in ra ts  fed  a  casein-free  
d ie t  for  30 days vs on e  o f  67%  in rats  fed a  15% 
casein  d ie t  for  a  similar period. C a ste r l ine  and

Williams found  th a t  single doses  o f  p a ra th io n  in
hib ited  liver an d  b ra in  A C h E  to  a g rea te r  ex ten t  
w hen  an im als  w ere  fed a n  essentially  p ro te in -free  
diet.

T he  im p o r ta n c e  o f  p la sm a  C h E  an d  RB C  C h E  in 
the p ro te c t io n  o f  ace ty lcho l ines te rase  a t  tissue 
sites was clearly  d e m o n s t ra te d  by K arcz m ar  and  
K oppany i.71 In on e  series o f  ex p er im en ts ,  they  in
fused g ro u ps  o f  10-18 a trop in ized  dogs  with  e i the r  
isotonic saline, T y ro d e s ’ so lution, g lucose, o r  a 
0 .2%  so lu tion  o f  A C h  in saline. P lasm a  and  RBC 
C h E ’s w ere  m e asu red  m a no m etr ic a l ly  b e fo re  and  
a fter  the  infusions. T h e  m axim al hem od i lu t ion  
produced  by the infusions (c o n c e n t ra t io n  o f  
hemoglobin decreased  by 2 6 i  6% ) was a c c o m 
panied by a decrease  in the activities o f  the C h E ’s 
o f the blood of 2 8 t  7%. W hen  these dogs were 
given iv injections o f  s tandard  doses o f  ACh and 
BCh (benzoy lcho line ) ,  the p ressor  responses  
elicited in tha t  way were abou t  twice those o b 
tained in the  same dogs before  the infusions. 
R eduction  o f  the activities o f  the C h E ’s o f  the 
blood by dilution with the saline solutions was 
concluded  to  have e n h an ced  the abilities o f  
choline esters  deg radab le  by these enzym es to 
stimulate sym pathe tic  ganglia and the adrenals.

In a second  series o f  34 experim en ts ,  norm al 
dogs were transfused serially for up  to 15 times 
with b lood from heparin ized , a trop in ized  dogs tha t 
had been given iv doses o f  D FP  (2.5 to  4.0 m g/kg) 
to inactivate the C h E ’s in their  b loods. In this way, 
the bloods o f  the  rec ip ien t  dogs w ere  dilu ted  with 
respect to  bo th  RBC an d  p lasm a C h E ’s w ithout  
any general hem odilu tion . In this series o f  ex p er i 
ments, a 40%  d ecrease  in the  activities o f  the 
C h E ’s in the b lood en h a n c e d  the p ressor  response  
to injected ACh bu t  no t  tha t  to injec ted  
m ethacho line  (M C h ) .  W hen  additiona l t ran s fu 
sions had  red u ced  activities o f  the  C h E ’s o f  the 
blood to 10 to 15% o f  the no rm al values, the 
responses to both  in jec ted  A C h and  M C h were in 
creased  fourfold. A t this time, iv injec tions o f  D FP  
(0.25 to 0 .50  m g/kg) into these dogs en h a n c e d  
still fu r ther  the  responses  to injected  BCh bu t  no t  
those to injec ted  A Ch, p resum ably  by inhibiting 
all, o r  at least most, o f  the rem aining  B uC hE in 
the b lood an d  tissues o f  these dogs.

A third g roup  o f  15 a trop in ized  dogs was given 
sufficient D F P  to inhibit com plete ly  the  C h E ’s o f  
all tissues. T he  responses to  injected A C h  and  BC h 
were increased. T hese  animals w ere  then  t r a n s 
fused with b lood  from norm al dogs to  res tore  the  
activities o f  the C h E ’s o f  their  b loods to ap p ro x i
mately norm al levels. A lthough the  ganglionic 
A C hE  and  the  B uC hE o f  the intestine were still in 
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hibited in these dogs, the  responses  to injec ted  
ACh and BCh were similar to those recorded  b e 
fore the adm inistra tion  o f  DFP.

Eight con tro l  experim en ts  were ca rr ied  ou t  in 
which both  the d o no r  and  the rec ip ien t  dogs were 
normal. T he  responses in the rec ip ien t  dogs to in 
jec ted  ACh, BCh, M Ch, n icotine, and  ep ineph rine  
varied from the m ean pre- transfus ion  m agnitudes  
by less than 15% after  a series o f  transfusions.

These experim en ts  d em o n s tra ted  apparen t ly  the  
ability o f  the C h E ’s o f  the  b lood to reac t  with c i r 
culating cholinergic and an ticho lines te rase  c o m 
pounds and  to reduce  the ir  im pacts  upon  active 
sites o f  e ffector organs. A ccord ingly , p lasm a and  
RBC C h E ’s have been  cons idered  to have im p o r 
tant buffer-like roles in pro tec ting  the A C hE  at 
neuroeffec to r  junc t ions  and  o th er  active sites from 
the inhibitory actions  o f  para th ion  and  o th e r  or- 
g anophosphorus  an ticho lines te rase  com pounds .

Recovery o f  an animal from para th ion  poisoning 
and its reestab l ishm ent o f  norm al susceptibility to  
intoxication by OP com pounds  dep en d  upon the 
reestablishm ent o f  norm al activities o f  C h E ’s in 
blood and tissues. A lthough para th ion  is classified 
as an “ irrevers ib le” inhibitor of C h E ,  the reac tion  
is reversible, at least initially.87 G r o b 87 d e m o n 
strated in vitro tha t  the com bina t ion  betw een  
parath ion and  C h E ’s from  hum an  plasm a, R B C ’s, 
and brain was partially reversible during  a p p ro x i 
mately the first 3 hours  after  add ition  of the c o m 
pound to the  enzyme, and irreversible after tha t  
time. DuBois et al*° dem ons tra ted  tha t  in rats a c u 
tely poisoned with 5 mg/kg o f  p a ra th ion  brain C hE  
activity regenera ted  from  an observed  low o f  5.8% 
after */2 hour to 97% o f  norm al activity in 4 hours.

In animals, para th ion  has no t b een  shown to 
exert toxic effects o th er  than those related  to in 
hibition o f  AChE. T he  ability o f  som e O P c o m 
pounds to p roduce  persistent paralysis a c c o m 
panied by toxic changes  in distal axons and de- 
myelination o f  the sheath  o f  the d am aged  axon has 
focused a grea t  deal o f  interest  on the part  o f  
researchers  in this effect. Barnes and  Denz™ found 
that ne i ther  para th ion  nor pa raoxon  p ro d uc ed  a 
paralytic effect in ch ickens  w hereas T O C P , DFP, 
and mipafox did. Severe cholinergic responses bu t  
no dem yelinating  lesions were observed  in
chickens after 3 successive doses o f  para th ion
(am o un t  unspecified). T h e  ch ickens  w ere  obse rved  
for 3 weeks after the third  dose.

In 1972, Kibler89 repo r ted  tha t  para th ion-in- 
duced  histologic ev idence o f  skele tal  muscle
necrosis in rats. T h ir teen  Sprague-Daw ley  rats
received daily ip injections o f  p a ra th ion  at a dose  
o f  1 mg/kg and 13 received 1.3 mg/kg. All in 

jec ted  rats d em o n s tra ted  several signs o f  acu te  
para th ion  poisoning 20-30 m inutes  a fter  each in 
jection. T hese  signs inc luded  t rem o rs ,  respiratory  
difficulty with tach y pn ea  and mild cyanosis, le tha r 
gy, and d ecreased  responsiveness to sensory  s t im u 
li. These lessened in severity during  the next 2-3 
hours. Anim als receiving both  doses  were sacr i
ficed on days 1, 3. 5. 8, 10, 12, and  14 after  the 
first injection. Six rats died as the  result o f  
parath ion toxicity ( th e  doses adm in istered  
rep resen ted  approxim ately  0 .5-0 .75  the  LD 50 for 
this species);  26 animals were killed by injection 
of pen tobarb i ta l  sodium ; then sections o f  the ir  
quadriceps, gas trocnem ius, and  soleus muscles 
were p rep a red  and  s tud ied  microscopically .

A ccord ing  to the  au tho r ,  the  an im als  receiving 1 
mg/kg o f  p a ra th ion /day  deve loped  a progressive 
myopathy which reached  a peak  on day 8, a fter  
which the n u m b e r  o f  new lesions d im inished. Rats  
receiving 1.3 m g/kg/day developed  large n um bers  
o f  com ple te ly  d isrup ted  and phagocytized  muscle  
fibers by the 3rd day. A lthough  the  a p p e a ra n c e  o f  
new lesions progressed  to  day 5, the ir  fibers did 
not con tinue  to unde rgo  d eg en era t ion  and  su b 
sequent phagocytosis. Kibler rep o r ted  that less 
than 5'/i o f  muscle fibers s tudied  were affected  
and tha t this pe rcen tage  “ is far too  small to 
produce clinical w eak n ess .” T he  effects  observed  
were postu la ted  by the a u tho r  to be due to ex ces 
sive ACh at the n eu rom uscu la r  jun c t io n  caused  by 
inhibition o f  A ChE. T he  doses o f  para th ion  a d 
ministered were very large. No m ention  was m ade  
o f  dem yelination  o f  nerves, bu t  the a u tho r  may not 
have looked at nerves.

In 1975, Jo h n so n 9" published a review article on  
neurotoxicity  caused  by o rg an o ph o sp ho ru s  esters. 
The study by Barnes and  D en zHH was re fe renced  
along with a later study by Johnson  on the n e u 
rotoxicity o f  cer ta in  o rg an o ph o sp ho ru s  c o m 
pounds, including paraoxon . P a raoxon  did no t 
produce  ataxia. J o h n s o n ’s p ap e r  provides an in 
teresting discussion o f  the  possible m echan ism  o f  
delayed neurotoxicity .

The stress o f  exposure  to p a ra th ion  has been  
show n91 to result in increased  plasm a levels o f  free 
co rt icos te rone  (P F C )  in rats. M u rp h y 91 a t t r ibu ted  
this action o f  para th ion  to  its stim ulation  o f  p itu i
tary A CTH  since deple tion  o f  ad rena l  ascorb ic  
acid acc om p an ied  the increase in PFC. T he 2 
lowest doses o f  para th ion  tested  (1 .0  and 1.5 
mg/kg) p ro d uc ed  20-25%  inhibition o f  brain C hE  
and approxim ately  50% inhibition o f  RBC C hE . 
No gross signs o f  poison ing  were obse rved  in these 
animals. PFC levels inc reased  by ab o u t  75% two 
hours after injection o f  para th ion .
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In 1974, T h om as92 reported  on the  effects o f  
parath ion and o th e r  pesticides on  the m ouse  
reproductive  system. Para th ion  in daily oral doses  
o f  1.3, 2.6, o r  5.3 mg/kg was adm in is te red  by gas
tric intubation  for 5 days to male mice and  effects  
on the rep roductive  system de te rm in ed  by m e a su r 
ing the up take  and subsequen t  m e tabolism  o f  1 , 2 -  
3H -testosterone by the p rosta te  gland. The up take  
o f  tritiated tes tos te rone  was no t  affected  by 
p re trea tm e n t  with para th ion . Regardless o f  the  
dose o f  para th ion , no changes in the  pat te rn  o f  
radiosteroids were de tec ted . T h o m a s  conc luded  
that para th ion  did not p roduce  any  significant 
changes upon  the up take and  m etabolism  o f  a n 
drogens by sex accessory  organs o f  the  mouse.

(c )  New Unpublished  R esearch  D ata
Based on the limitations o f  the a fo rem en t io n ed  

data , the  decision was m ade by NIOSH in late 
1973 tha t  ex trapola t ion  from the then  existing d a ta  
to a reco m m en d ed  safe env ironm enta l  limit (ie, 
safe a i rborne c o n c e n t r a t io n ) for m an  could  no t  be 
achieved with an accep tab le  degree  o f  scientific 
reliability. In o rd e r  to ob ta in  add itiona l in fo rm a
tion regarding the inhalation toxicity o f  pa ra th ion  
in experim ental  animals, and particularly  inhala- 
tion-to-oral toxicity ratios, re sea rch  was u n 
dertaken  for the  Institute by the Toxicology Divi
sion, B iomedical Labora tory , Edgew ood  Arsenal. 
The research  described  below was co n d u c te d  d u r 
ing the period July 197 4-D e cem ber  1975, during  
which time the para th ion  criteria  d o c u m e n t  was 
held in abeyance.

The research  consisted o f  2 parts: (1 )  acu te  in 
halation and oral toxicity studies on rats and  dogs; 
and (2 )  subacu te  inhalation and oral  toxicity s tu 
dies using the same 2 species. P u re b red  adu lt  male 
beagle dogs and adult m ale  Sprague- 
Dawley/W istar strain rats were used in the exper i 
ments. T he  effects o f  the  insecticide on bo th  RBC 
and  plasm a C hE  were used to ca lcu la te  inhalation- 
to-ora! toxicity ratios for rats and  dogs.

These ratios were then  used by NIOSH to  d e te r 
mine a p red ic ted  safe environm enta l  limit for  m an 
based on a known safe hum an ingestion dose (see 
C h ap te r  V, D evelopm ent o f  S tandard ) .

Technical grade para th ion  o f  99 .3%  purity  was 
used in the inhalation and oral experim ents .  
C h am b er  air samples collec ted  during  the  inha la
tion phases o f  the work were analyzed to  d e te r 
mine w hether  any paraoxon was p resen t  in the air 
being b rea thed  by the  animals. N o paraoxon  o r  
any o th e r  m ore  toxic derivative o f  para th ion  was 
de tected  in any samples. Particle d iam ete rs  of the  
aerosols genera ted ,  as de te rm ined  by use o f  a 
R ochester cascade im pactor,  were 1.0-2.0 microns.

RBC and  p lasm a C h E  activity levels were d e te r 
mined by an  au to m a ted  co lor im etr ic  p rocedu re .  
Norm al ho rse  serum  was analyzed periodically  as a 
standard.

(1 )  A cu te  Inhalation Toxicity in Male Rats 
and  Male Dogs

In acu te  inhalation toxicity tests, groups o f  34 
rats were exposed during  4 hours  to  c o n c e n t r a 
tions o f  para th ion  ranging from 0 .04  to 230 .0  
m g /m 3 in a 1,000-liter dynam ic flow cham ber .  
G roups o f  4 dogs w ere  exposed  to para th ion  for 4 
hours a t  5 c o n cen tra t io n s  ranging from  0.015 to 
37.1 m g /m 3. T he LC 50  for rats was est im ated  to  
be 84.0 m g /m 3 while tha t  for dogs was de te rm in ed  
to be g rea te r  than 37.1 m g /m 3 ( the  highest dose 
tested). T he  C h E 5 0  for RBC C hE  in the ra t  was 
5 4 m g /m 3 and that for p lasm a C h E  was 7.3 
m g/m 3. In the  exper im en t  with dogs, the investiga
tors were unab le  to es t im ate  a C h E 5 0  dose for this 
species because  o f  the p ro n ou n ced  and in c o n 
sistent effects  on blood ChE  activity by the ex p o 
sure con cen tra t io n s  used. No dea ths  o ccu rred  in 
dogs exposed  to the  a fo rem en t io n ed  c o n c e n t r a 
tions. H owever,  b lood C hE  activities were signifi
cantly depressed  by all exposure  co ncen tra t ions .  
These da ta  seem ra the r  rem arkab le  because  the  
lowest c o n cen tra t io n  p ro d uc ed  nearly  the  sam e in 
hibitions o f  the activities o f  RBC and plasm a 
C hE 's  as the largest co n cen t ra t io n ,  and  in close to  
the same tim es (1.5 days vs 1.0 day).  The c o n c e n 
trations re fe rred  to above  differed  by a fac to r  o f  
m ore  than 2 ,470  times, so tha t  the C t  doses o f  
para th ion  rece ived  by the  groups o f  dogs exposed  
to the two ex trem e  c o n cen tra t io n s  would be ex 
pected  to d iffer by this sam e factor.

At the lowest exposure  level for dogs, 0 .015 
m g/m 3, the RBC and p lasm a C hE  activities after 4- 
hour exposure  were 62% and  18% o f  norm al,  
respectively. Tw enty  hours  a fter  the te rm ina t ion  o f  
exposure the  values w ere  49% and 14% o f  norm al,  
respectively. Fourteen  days a f te r  exposure  the  
RBC and p lasm a ChE: activity levels had risen to 
58% and 75% o f  norm al,  respectively. T he d a ta  
are p resen ted  in T ables  XVI-5 th rough  XVI-8. 
Similar results were obse rved  a t  a i rbo rne  para th ion  
concen tra t ions  o f  0.15 mg/nv! and  greater;  the 
RBC and plasm a C hE  activities w ere  significantly 
depressed.

T rem ors,  convulsions, respiratory  difficulty, and  
excessive salivation were seen in rats  exposed  to 
para th ion  c o n cen tra t io n s  o f  50 m g /m 3 o r  greater.  
The EC50 's  for t rem ors  and  convulsions were es t i 
m ated  to be 73.7 m g /m 3 and 1 10.6 m g /m 3, re sp e c 
tively. At the lowest level tes ted , 26.1 m g /m 3, o c 
casional sneezing, d ia rrhea ,  urina tion  (scro ta l  a re a
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wet with urine ) ,  le thargy, and  “ w et dog sh a k e s” 
were observed  in test  animals. T h e  highest  c o n c e n 
tration tha t  did no t  cause  dea ths  was 35.0 m g /m 3. 
A no-effect con cen tra t io n  was no t  d e te rm in ed  fo r  
the ra t  in this series o f  exposures. A t the  end  o f  
the 4 -hour exposure  to para th ion  at a c o n c e n t r a 
tion of 0.04 m g /m 1, the average RBC C hE  activity 
of the exposed rats was 84% o f  norm al.

(2 )  S ubacu te  Inhalation Toxicity  in Male 
Rats and Male Dogs

G roups  o f  80 male rats were exposed  for 7 
hours/day, 5 days/week for 6 w eeks  to  aerosol 
concen tra t ions  o f  0 .01, 0 .10, an d  0 .74 mg
p ara th io n /m 3. Toxic signs were not seen  in the rats 
exposed to the 0.01 and  0 .10 m g /n r ! c o n c e n t ra 
tions o f  para th ion  excep t  for 1 an im al tha t  died on 
the first day o f  exposure  to 0.01 mg p a ra th io n /m 3. 
M icroscopic exam ination  revealed  congestion  o f  
the lungs with the  highest para th ion  con cen tra t io n  
used, 0 .74  m g /n r ’. Two rats died, on e  on the 10th 
day o f  exposure  and  one  on the 28th  day o f  e x p o 
sure. Both animals had congested  lungs on gross 
exam ination. The lowest dose tes ted , 0.01 m g /m 3, 
was es t im ated  from the  acu te  toxicity phase  o f  the 
study to be a no-effect dose.

The average blood hem a tocri t  value , 47 .2  mg%, 
ob ta ined  from 9 exposed rats a fter  the  last ex p o 
sure to para th ion  a t  a co ncen tra t ion  o f  0 .74  mg/nr* 
was not significantly different from tha t  ob ta in ed  
from 4 con tro l  animals. The exposed  rats gained 
weight th roughou t  the  exposure  and  postexposure  
periods with all 3 para th ion  concen tra t ions .

With the lowest exposure  level, 0.01 m g /m 3, the 
greatest effect o f  the para th ion  on RBC C hE  o c 
curred  during  week 4, when the activity d ec rea se d  
to 69% o f  normal. In con trast,  the  RBC C hE  a c 
tivity decreased  to 57% and 58% o f  norm al a f te r  
one week o f  exposure  to 0 .10  a n d  0 .74  mg 
p a ra th io n /m 3, respectively. After 5 w eek s’ ex p o 
sure to an airborne para th ion  co n cen t ra t io n  o f  
0 .74 m g /m 3 the RBC ChE activity had been  
lowered to 16% o f  normal. In a lm ost all cases, the 
RBC C hE  was inhibited to a g rea te r  ex ten t  than  
the plasm a ChE. O f  the 3 concen tra t ions ,  0.01 mg 
p a ra th io n /m 3 p roduced  the  least inhibition o f  the  
ChE activity o f  e i ther R B C ’s o r  p lasm a. T he  in te r 
mediate co n cen tra t io n ,  0.10 mg p a ra th io n /m 3, ex 
erted a m odera te  inhibitory effect  w hereas  the  
highest, 0 .74  m g /m 3, con cen tra t io n  p ro d u c e d  
m arked  inhibition. Tab le  XVI-9 sum m arizes  these  
data.

The results o f the acu te  studies with dogs in 
d icated  tha t  this species is more  sensitive than  rats 
to inhaled pa ra th ion ,  as shown by the  effects on  
ChE activities in the  blood o f  the  dog. A c 

cordingly, g roups o f  6 dogs were exposed  to a i r 
borne para th ion  con cen tra t io n s  o f  0 .001 ,  0 .01, and  
0 .20  m g /m 3 for 7 hours/day , 5 days/w eek, for 6 
weeks. RBC arid p lasm a C hE  activity d e te rm in a 
tions were m a de  after  1 day and  1, 2, 3, 5, and  6 
weeks o f  exposure  to aeroso ls  o f  p a ra th io n  an d  a t  
various t imes following cessation o f  exposure . T h e  
RBC and p lasm a C hE  activity values are shown in 
Table X V I-10. W ith  the  0.001 m g /m 3 exposure  
con cen tra t io n  bo th  the  RBC and  p lasm a C h E  a c 
tivities were no t  inhib ited  significantly during  the  
6-week exposure  period  and  the  6-w eek p o s tex p o 
sure period. Thus, the lowest exposu re  c o n c e n t r a 
tion cons ti tu ted  a safe level on  the  basis of inhibi
tion o f  b lood  C h E ’s. A fte r  2 weeks o f  exposure  to  
0.01 m g /m 3, of pa ra th ion  the  RBC and  p lasm a 
C hE  activities were 79% and  70% o f  norm al,  
respectively (average o f  6 dogs). A fte r  a 6-week 
exposure  to  0.01 m g /m 3, the co rrespond ing  act iv i
ties were 101% and 58%, respectively. W ith 0 .20  
mg p a ra th io n /m 3, the effects on  RBC and  p lasm a 
C hE  were great. A fter 2 weeks o f  exposure  to this 
co n cen tra t io n ,  the  RBC and  plasm a activities w ere  
54%> and 26% o f  norm al,  respectively. T he  RBC 
and plasm a C h E  activities d ecreased  to  41% and  
36% o f  no rm al,  respectively, a fter  6 weeks o f  e x 
posure; the RBC C hE  activity did no t  re tu rn  to 
normal until 4 w eeks a fter  te rm ina t ion  o f  the ex 
posure. All 3 p a ra th ion  c o n cen tra t io n s  ex e r ted  
grea te r  inhibitory effects  on  the p lasm a enzym e 
than on tha t  o f  the R B C ’s. O th e r  than  effects o n  
blood C h E ’s, no toxic signs w ere  obse rved  in th e  
dogs with any  o f  the 3 exposure  concen tra t ions .

(3 )  A cu te  and  S ubacu te  O ral  Toxicity in 
Male Rats an d  Male Dogs

Prelim inary  to subacu te  feeding studies, 50  adu lt  
male rats an d  20 adult  male dogs were used to  
de term ine  the  acu te  24-hou r  L D 5 0 ’s following s in
gle oral doses  o f  p a ra th ion  in co rn  oil. T hese  
values w ere  6.85 (6 .1 8 -7 .6 0 )  m g/kg  and  8.27 
(4 .79 -14 .29 )  mg/kg for male rats a n d  male dogs, 
respectively. T he  results indicate  th a t  para th ion  is 
approx im ate ly  equitoxic  when adm in is te red  orally 
to these 2 species. Tab les  X V I-1 1 a n d  XVI-12 list 
the dose levels adm in is te red ,  the  p e rc e n t  o f  
animals o f  each  species responding  a t  each  level, 
the average p e rcen t  inhibition o f  RBC and  p lasm a 
C h E ’s, and the  Bliss statistical analysis o f  the  data .

A cute  C h E 5 0  values w ere  also d e te rm in ed  for 
male rats and  male dogs. T he  dose range for 
groups o f  10 rats was 0.18 to  7.0 m g/kg  o f  
parath ion; 7 d ifferent doses  in co rn  oil being used. 
Dogs in groups o f  4 w ere  given the following oral 
doses o f  para th ion  in co rn  oil: 0 .50, 1.26, 2.5, an d
10.0 mg/kg. In both  species, b lood samples for



ChE activity d e te rm ina tions  were taken  24-hours 
postexposure.

For male rats the RBC and p lasm a C h E 5 0  
values were de te rm ined  to be 2.6 (2 .1 -3 .1 )  and
2.5 (2 .1 -3 .0) mg/kg, respectively. In male beagle 
dogs, the ChE5() values for RBC and p lasm a were 
found to be 1.5 (1 .1 -2 .1)  and  1.7 (0 .9 -3 .0 )  mg/kg, 
respectively. Like the  LD 50 da ta ,  the C h E 5 0  
values es t im ated  for the 2 species indicate  that 
orally adm in istered  pa ra th ion  is approxim ately  
equitoxic in male rats and male beagle dogs. These 
data are p resen ted  in T ables  X V I-13 through  XVI-
16.

Two hundred  and forty rats rece ived  daily doses 
o f  1 ml/kg o f  corn  oil, 5 days/week, for 6 weeks 
and served as controls. A n o th e r  240 animals were 
divided into 3 groups o f  80 rats each. T hese  
groups o f  rats received 1 ml/kg o f  co rn  oil c o n 
taining para th ion  in concen tra t ions  o f  0.25 mg/ml, 
0 .10 mg/ml, o r 0.05 mg/ml. All rats were weighed 
daily on 5 days/week and  dosed, p resum ably  by 
s tom ach tube, on a ml/kg basis. W ith  the  highest 
dose, 10 control  and 10 exposed rats were sacri
ficed for b lood  sampling at 1 , 3 ,  4, 5, and 6 w eeks 
during oral dosing, and  at 1 , 2 ,  4, and 6 weeks 
postexposure . With the 2 lowest doses, RBC and 
plasma C hE  activities were d e te rm in ed  at 1 , 2 ,  4, 
and 6 weeks during exposure  and  at various times 
following the  cessation o f  oral dosing until 
com plete  res to ra tion  o f  enzym e activity had o c 
curred. The  results o f  this study are given in Table  
X V I-17. T he highest daily dose , 0 .25 m g/kg  o f  
parath ion inhibited ab o u t  54% o f  RBC ChE  activi
ty and ab o u t  48% o f  p lasm a activity by the end o f  
the 6-week exposure  period. N o significant blood 
ChE inhibition resulted from  the 0 .05 mg/kg dose. 
The lowest RBC C hE  activity obse rved  at the in 
term ediate  dose o f  0 .10  mg/kg was 78% o f  norm al 
(following the  4th  week o f  exposure ) .  Inhibition o f  
plasma ChE  was less m a rk ed  in general  than tha t 
o f  the RBC enzyme. Thus, the 2 lowest doses e x 
erted no p ro found  effects on e i ther the RBC or 
the p lasma C hE  and  can  be cons idered  safe oral 
doses for rats. N one o f  the test an im als  exhibited  
toxic signs o f  para th ion  poisoning e i the r  during o r  
after exposure . W eight gained  by pa ra th io n - t rea ted  
rats was no t significantly different from  that gained 
by the control  animals.

In a similar m anner ,  the effects o f  orally a d 
ministered para th ion  on the RBC and  p lasm a 
ChE 's  of dogs were determ ined . T w enty -four  adult  
male beagle dogs in g roups o f  6 each  were dosed 
orally 5 days/week for 6 weeks with one o f  4 c o n 
centrations o f  para th ion  in corn  oil: 0 .00, 0 .05, 
0.10, or, 0 .50  mg/kg. All dogs w ere  weighed

weekly. Blood samples for C hE  de te rm ina t ions  
were taken  a t  1, 2, 4, and  6 w eeks during ex p o 
sure and  at 1 , 2 ,  4, and  6 weeks postexposure , if 
required.

The effects  on the  b lood C h E ’s o f  the dog  by 
these daily doses o f  para th ion  are p resen ted  in 
Table X V I-18. T he  0 .50  m g/kg  dose  p ro d u c e d  
after 6 w eeks abou t 58% inhibition o f  RBC ChE  
and abou t  85% inhibition o f  the  p lasm a enzyme.

With respec t  to the RBC C h E  activity, the 0 .10  
mg/kg and 0.05 mg/kg dose levels p ro d uc ed  a p 
proximately equ ivalen t results. W ith  0 .10 mg/kg o f  
para th ion , the RBC activity was 8 O'/i o f  norm al 
after 6 w eeks o f  exposure  and  with the  0.05 mg/kg 
dose, 83%. However, the p lasm a C hE  activity was 
inhibited to a significantly g rea te r  ex ten t  by the 
daily dose o f  0.1 mg/kg o f  para th ion  than  by the 
lower dose. No toxic signs were obse rved  in any o f  
the test or control  dogs during or after  exposure  to 
these oral doses o f  para th ion .  T h ere  was no signifi
can t effect on bodv weight in any o f  the exposed  
animals. T he  only conclusion  from  these results is 
that a daily dose o f  0.05 mg/kg may not p ro d uc e  
any dele te r ious  inhibition o f  the C h E ’s o f  the 
blood o f  the dog during  6 weeks and  tha t the 2 
highest doses  p robably  a re  no t  safe for rep ea ted  
daily oral ingestion.

E xperim ents  w ere  p e rfo rm ed  also to d e te rm in e  
the rates o f  recovery  o f  the  RBC and plasm a C hE  
activities in male rats an d  dogs. A total o f  60 rats 
and 4 dogs were adm in is te red  single oral doses o f  
para th ion  in corn  oil o f  2.8 mg/kg and 2.5 mg/kg, 
respectively. Twenty  con tro l  rats rece ived  co rn  oil 
alone. No m ention  was m ade  by the investigators 
of control dogs. Rats were bled at 4 hours and  1, 
2, 3, 7, and 14 days postexposure ;  dogs were bled 
at 1, 11, 15, 29, and 36 days postexposure .  T he  
rates o f  recovery  for bo th  RBC and plasm a ChE  
activities ag ree  with those  rep o r ted  previously in 
the cri teria  d o cum en t .  The  RBC C hE  activity 
recovered  a t  the following rates: 1.7%/day and 
1.6%/day for male rats and  m ale dogs, re spec t ive 
ly. For rats, the p lasm a C h E  activity re tu rned  a t  a 
rate o f  3.1 %/day w hereas  in dogs the rate was 
5.5%/day. T he  results are  p resen ted  in Tables  
X V I-19 and  XVI-20.
Carcinogenicity, M utagenicity, Teratogenicity

M alform ations  in the em bryon ic  skele ton  o f  the 
Japanese  quail by pa ra th ion  have been  rep o r ted  by 
L utz-O stertag  et a P  and  by Meiniel et a l . iM T hese  
workers e i the r  injected eggs with a 0.1% solution 
of para th ion  or im m ersed  the eggs in a 2% so lu 
tion o f  pa ra th ion - in -ace tone  for 30 seconds. T h e  
dose rece ived  by the em bryos  can n o t  be ca lcu la ted
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but must have been  very high. All em bryos  from 
eggs t rea ted  with pa ra th ion  by im m ers ion  show ed 
abnorm alities, principally localized in the cervical  
region. M alform ations o f  the axial skele ton  and  
reductions in the length o f  the spine were c o m 
mon. Similar results f rom  studies on hen  and  quail 
eggs were published by Meiniel in 1973 .95

Khera and B edok96 ob ta ined  similar results in 
chick and duck  em bryos. They in jec ted  1 mg o f  
parath ion (presum ably  in p ropylene glycol) into 
the yolk sac o f  p re in cu ba ted  or 4 -day -incubated  
chick eggs and 4-day-incubated  duck  eggs. C on tro l  
eggs o f  bo th  species were injec ted  with sterile 
propylene glycol. Para th ion  t re a tm e n t  resulted  in 
characterist ically  to r tu o u s  and  sh o r ten ed  vertebral  
colum ns com posed  o f  abnorm al vertebral  bodies  
(fused neural  a rches).

Kimbrough and  G a in es97 repo r ted  the effects  o f  
para th ion  on the  ra t  fetus. In traperi tonea l  in jec 
tions o f  para th ion  in dam s in doses o f  3.0 and  3.5 
mg/kg caused  a high inc idence o f  resorp tions  and  
reduced  the weights o f  the fetuses and  placentas.  
With the higher dose, one  edem a to u s  fetus was o b 
served ou t  o f  a total o f  28. H ow ever,  the investiga
tors em phasized  tha t  only those doses o f  para th ion  
tha t  p ro d uc ed  toxic sym ptom s in the  dam s af
fected  the fetus.

Talens and W oolley98 reported  the  effects o f  e x 
posure to para th ion  during  gesta tion on d ev e lop 
m ent in the rat. Fem ale  rats were subcutaneously  
injected with 2 mg/kg o f  para th ion  fo r  4 days and 
then killed a t  various intervals for d e te rm in a t io n  o f  
blood and  brain A C hE  activities. C holinergic  signs 
o f  poisoning, including salivation, lacrim ation, 
d ia rrhea , an d  trem ors  were obse rved  in the test  
animals; 2 o f  28 animals died after the  second  in 
jection. Twenty-six hours  after  the  last injection, 
the A C hE  activities in the  n eoco r tex ,  brain  stem , 
remaining brain, and  b lood w ere  21%, 40%, 19%, 
and 49% o f  contro l  activities, respectively. T o  
determ ine  effects  on deve lopm en t,  p reg n an t  rats  
were injec ted  subcutaneously  with 1.5 o r 2.0 
mg/kg para th ion  daily for 4 days beginning on day  
1, 7, o r  13 o f  gestation. Signs o f  poisoning  w ere  
seen in the  dam s (m os t  severe w hen adm in is te red  
during  the th ird  tr im ester) .  F o u r  o f  52 rats in 
jec ted  with the highest dose d ied, 3 during  the  
third tr im ester .  In surprising con tras t  to the  effects  
in the dams, the brain A C h E  activity o f  the  pups  
a t  birth was norm al in all t rea ted  groups. A t birth , 
the average litter size o f  the p a ra th io n - t rea ted  
dams did n o t  differ from  tha t o f  controls . Thus , 
fetal resorp t ion  did no t  occu r ,  in co n tra s t  to  the  
results previously rep o r ted  by K im brough and  
G aines .97 Average bir th  weights o f  pups born  to

dam s injected  with para th ion  during  the  la tter  
third o f  p regnancy  w ere  significantly lower than  
those o f  controls . By the second  w eek, body  
weights w ere  norm al in pups from all t rea ted  
groups. T he  a u th o rs ’ s ta tem en t  th a t  the s lower 
body growth and later deve lopm en t  may be a t 
t ributable  to poor  m ate rna l  behav io r  appears  
reasonable in light o f  the  fact tha t  brain  A C hE  a c 
tivity was norm al in the pups a t  b ir th  and  also to 
their observations tha t  the  p a ra th io n - t rea ted  dam s 
appeared  to pay less a t ten tion  to the ir  pups than  
unpoisoned mothers.

In 1975, H arb ison99 repo r ted  the  results o f  his 
study on para th ion - induced  toxicity during  
prenatal deve lop m en t  in mice. Mice were injec ted  
ip with para th ion  a t  doses o f  4, 8, 10, 1 1, o r  12 
mg/kg. C ontro l  mice were injec ted  with co rn  oil. 
Laparo tom y was p erfo rm ed  on p reg n an t  mice on  
gestational day 19. At this t ime, the  n u m b e r  and  
positions o f  live, dead ,  and  reso rbed  fetuses w ere  
no ted  and  then fetuses were rem oved  an d  
weighed. T he  g reatest  effects w ere  obse rved  w hen  
para th ion  was injec ted  during  gesta tional days 12, 
13, and 14. During this period, a dose o f  12 mg/kg 
killed 90% o f  the fetuses, while the  sam e dose was 
lethal to 27% of the fetuses in u te ro  during  ges ta 
tional days 8, 9, and 10, the period  o f  early o r 
ganogenesis. A dose o f  12 mg/kg was no t  lethal to  
the m ate rna l  animal, ^ h e  body weights o f  surviv
ing fetuses w ere  significantly reduced  by para th ion  
t rea tm en t.  As in the case o f  resorp tions, a g es ta 
tional period  susceptibility was observed;  the  
developing organism a p p ea red  to  be m ore  
susceptible to para th ion - induced  reduc t ion  in body 
weight during  late organogenesis  o r  the  fetal m a tu 
ration period. D ata  w ere  also p resen ted  showing 
that phénobarb i ta l  greatly  p ro te c te d  the d ev e lop 
ing fetus from  the  effects o f  ip- in jected  para th ion .

Weis and W eis100 subjec ted  fertilized killifish 
(Jundulus heterclitus)  eggs to p a ra th io n  a t  c o n c e n 
trations o f  1 and  10 ppm . T h e  insecticide was d is
solved in a ce to n e  and ad d ed  to dishes con ta in ing  
the eggs a t  the 8-16 cell stage, in filtered sea 
water. W hen  controls had  reac he d  the  19-20 cell 
growth s tage, em bryos in 1 ppm  p ara th ion  were in 
stage 17-18 while those  in 10 ppm  were in s tage
17. Sixty-four p e rcen t  o f  eggs exposed  to 10 ppm  
o f  para th ion  successfully form ed axes vs 93% in 
controls. A fte r  3 days in para th ion , 10-12 em bryos  
were rem oved  from  the 1- and 10-ppm dishes, 
washed, and  placed in c lean sea water. Fifty p e r 
cen t o f  the group exposed  to 10 ppm  para th ion  
developed  a thin feeb ly-beating  tube  with ru d im e n 
tary cham bers  s tre tching  betw een  the yolk and  the  
em bryo, instead o f  a norm al heart .  T he au tho rs
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stated that o th e r  tissues and sp on tan eo u s  m o v e 
ment were normal. T he c o n cen tra t io n s  o f  
parath ion d id  not p ro d u c e  dea th  in the em bryos. 
Because of the  species used and  the  n a ture  o f  the 
exposure, it is impossible to ex trapo la te  the se  
results to man.

In 1973, M o h n 101 repo r ted  on the  m u tagen ic  
potential o f  para th ion  and  o th er  insecticides. T h e  
induction o f  5 -m ethy ltryp tophan  (5 -M T )  resis tant 
m utations in Escherichia coli by p ara th ion  was 
evaluated. A concen tra t ion  o f  20/xg 5-M T/ml was 
used and the inoculum con ta ined  300 ,0 0 0 -5 0 0 ,0 0 0  
cells/ml. Cultures  with a low sp on tan eo u s  m u ta t ion  
frequency were used. T he test  system was su b 
jected  to 0 .043 M para th ion  with no increased  m u 
tagenic activity observed; the n u m b er  o f  5 -M T r e 
sistant m utat ions did no t  differ significantly from 
the spon taneous  value.

In a 1975 review artic le  dealing with m u ta g e n e 
sis by pesticides, F a h r ig 102 c o m p ared  the  results o f  
4 studies with para th ion . O ne  o f  the m utagenic ity  
studies was his own, which was published  in 1973 
and is described  a b o v e .101 Tw o o f  the 4 studies 
were apparen tly  no t  published and  are  re fe renced  
in F ahr ig ’s review as personal com m unica tions .  
The fourth  study was pe rfo rm ed  by the  a u tho r  b u t  
the da ta  had not been  published. Results  in the 3 
unpublished studies were ob ta ined  using the fo l
lowing p rocedures:  ( 1 ) spot test for  back-m uta-  
tions to p ro to trophy  in the  2 auxo troph ic  strains, a 
21 and a 742, o f  S. marcescens and  for fo rw ard  
m utations to galactose p ro to tro p h y  in the 
phenotypic galactose-negative Gal RS strain o f  E. 
coli\ (2 )  a liquid holding test for fo rw ard  m u ta 
tions to s trep tom ycin  resistance in E. coli-, and  (3 )  
a liquid holding test for  mitotic gene  conversion  
at the ade2 and trp5 loci o f  5. cerevisiae. Fahrig  
reported  tha t  para th ion  was negative in all tes t  
systems.

No papers  have been  found  report ing  the  
p roduction  o f  carc inom as  or o th er  m alignancies  by 
parath ion. However, para th ion  is presen tly  u n 
dergoing carc inogenesis  bioassay by the N ational 
C ancer  Institute. (H  Kraybill, written  c o m m u n ic a 
tion, M arch  1976) M ale O sborne-M ende l  rats 
have been fed para th ion  (ad  lib itum ) for 18 
months in the ir  diets at con cen tra t io n s  o f  30 an d  
60 ppm. Fem ales o f  the sam e species and  strain 
were fed para th ion  in the ir  diets at 20 and  40  ppm  
for the same length o f  time. M ale and  fem ale m ice 
(B«C3F1 s tra in ) were fed 80 an d  160 ppm  
parath ion  in their  diets for 16 m onths.  T he  o b se r 
vation periods for rats and  mice w ere  6 m onths  
and 5 m onths,  respectively. A l though  a  p re l im ina
ry report  was an t ic ipated  during the  Fall o f  1975,

it did no t  materialize. Results o f  the  carc inogenesis  
bioassay o f  p a ra th ion  have no t  b een  m a de  ava i la 
ble to NIO SH  as o f  July 1, 1976. W h en  the  b ioas
says are  c o m p le ted  and  the  results m a d e  available 
to NIOSH, a p p ro p r ia te  ac t ion  will be taken.

The  d a ta  p resen ted  in this section  re la ting  to  the  
testing o f  para th ion  for carc inogen ic ,  m u tagen ic ,  
and  te ra togen ic  activity in various m am m alian  an d  
nonm am m alian  species indicate  th a t  the  c o m 
pound  is no t  active in these respects .  It is c o n 
cluded tha t  para th ion  is unlikely to p ro d u c e  m u ta 
tions, te ra ta ,  o r  c a n c e r  in humans.
Correlation of Exposure and Effect

Evaluation o f  the  litera ture  per ta in ing  to  the e f 
fects o f  overexposure  to para th ion  indicates tha t  
para th ion  is abso rbab le  a fter  inha la t ion ,37,38 in- 
gestion,34-3* and  im pingem ent on  conjunctiva l,  c u 
taneous, or m ucous  m e m b ra n e s ,1116-39'41 and  in
duces e i the r  subclinical (ie, dep ress ion  o f  b lood 
C hE  activity) o r toxic (ie, s igns/sym ptoms o f  
para th ion  po isoning) effects, o r  bo th ,  dep en d in g  
on the am o u n t  absorbed . It is p ro b ab le  tha t  the  
high solubility o f  p a ra th ion  in lipoid m ed ia  in 
fluences its absorp tion  th rough  the  skin and  its d is 
tribution in the body. Pa ra th ion  is co n v er ted  in 
vivo and oxidized in the  air to p a ra o x o n 22"25 which 
then reac ts  with, an d  inhibits the  activity of, C hE  
enzyme th rou g h o u t  the  b o d y .1 W hen  the C h E  a c 
tivity o f  tissues is inhibited  to  a ce r ta in  deg ree ,  
resulting in a d is rup tion  o f  norm al enzym e fu n c 
tion, a local condit ion  o f  excess co n cen t ra t io n  o f  
acetylcholine results. T h e  signs and  sym ptom s o f  
para th ion  poisoning arise from the  totali ty  o f  these 
individual local e f fec ts .1 T he signs and  sym ptom s 
m ost f requently  seen  in para th ion  poisoning  are  
p resen ted  in Table  III-1.

Effects o f  para th ion  du e  to ac t ions o th e r  than  
inhibition o f  A C hE  are no t  proved. K arczm ar and  
K oppanyi71 d em o n s tra ted  tha t  bo th  RBC and  
plasma C h E ’s may serve as “ b u ffe rs ,” p ro tec ting  
neu roeffec to r  C h E ’s from  inhibition by para th ion .  
E xperim en ts81,91' '03 have shown tha t  in anim als  
poisoned with pa ra th io n ,  the b lood  C h E ’s a re  
depressed  along with tissue C h E ’s. Similar results  
in hum ans  have been  r e p o r t e d 17'18; a  d ecrease  in 
the activities o f  the  b lood C h E ’s reflects  c o n c o m i
tant, bu t  no t  necessarily p ropor tiona l,  reductions  
in tissue C h E ’s. G ro b  e t  a l 18 m ade  a com parison  o f  
the C hE  activities o f  various tissues o f  two subjects  
who died a f te r  exposure  to  p a ra th io n  with the  
average ChEi activities o f  8 subjects  who had  
received no  exposure  to para th ion  o r  any o th e r  
anti-C hE agen t  and  w ho had no  disease o f  the  
CNS, liver, kidneys, o r  b lood-form ing  organs. In
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the 2 pa ra th ion-po isoned  individuals, the  p e rc e n t 
age o f  con tro l  C hE  activities for various tissues 
were: p la sm a— 2.5%, R B C ’s— 16.5%, liver— 60%, 
k idney— 88%: (one  pa t ien t) ,  ce rebra l  c o r 
tex— 26.5%, tha lam us— 52%, c e re b e l lu m — 52.5% , 
p ons—41%, and m edu lla— 39%. Both pa tien ts  
developed m arked  signs/sym ptoms o f  p a ra th ion  
poisoning p rior  to dea th . The  b lood C h E ’s and  the  
urinary excretion  o f  PN P are the only w ell-dem on- 
strated and practical  m easures ,  from  the  v iewpoint 
o f  a com pliance  s tandard , o f  subclinical para th ion  
exposure presently  available. C h ron ic  o ccupa t iona l  
exposures to para th ion  are  typified by repea ted  a b 
sorption o f  am oun ts  o f  para th ion  which in single 
doses would not p ro d uc e  s igns/sym ptom s o f  
poisoning. H owever,  the effect o f  repeti tion  during  
a sufficiently long period o f  high eno u gh  doses is 
to progressively inhibit tissue ace ty lcho lines te rase  
to the poin t where decreased  enzym e function  
results in the  developm ent o f  s igns/sym ptom s o f  
poisoning.80 N either para th ion  nor its m etabolites  
cum ulate  in the  body .50,51,104 H owever,  the effects 
o f  para th ion  on C h E ’s may be cum ulat ive  d e p e n d 
ing on the rate  o f  enzyme inhibition. G ro b  e t  a l18 
dem onstra ted  in hum ans tha t  a fter  inhibition by 
parath ion, RBC C hE  activity re tu rn ed  at an 
average daily rate o f  1-2% while the  p lasm a C hE  
activity re tu rned  a t  the average ra te  o f  3-4%/day. 
If the daily inhibition o f  blood enzym es exceeds  
the daily recovery  o f  C hE  activity, the re  will u lti
mately be a progressive decrease  in tissue enzym e 
activity to a level w here  signs/sym ptom s o f  po ison 
ing will probably  occur.  Thus, m on ito ring  o f  the  
RBC and plasm a C hE  activities serves as an in 
dica tor o f  w hat is happening  to tissue C h E  ac t iv i ty  
levels. A review o f  the  da ta  p r e s e n te d 1K,34,35,3i),R7,103 
reveals tha t  both  p lasm a and RBC C h E  activity 
may be depressed  s im ultaneously upon  exposure  to  
para th ion , with the p lasm a enzym e inhibited to a 
greater ex ten t  (ie, preferentially  inh ib ited).  Thus , 
plasm a C hE  activity is usually dep ressed  m ore  
promptly and  extensively and recovers  m ore  
rapidly than RBC C hE  activity when para th ion  is

adm inistered  in uniform  oral daily doses. A c 
cordingly, if RBC C h E  activity ra the r  than  p lasm a 
C hE  activity were being m on ito red  on  a fixed ro u 
tine it might provide a be t te r  w arn ing  tha t  ex ces
sive absorp tion  o f  p a ra th ion  was occu rr in g  than  
would be prov ided  by m onitoring  o f  p lasm a C hE  
activity. In the s ituation  w here  absorp tion  o f  
para th ion  occu rs  on eac h  o f  several serial days and  
then ends a few days before  a p rese t  m onitoring  
time, p lasm a C hE  activity cou ld  re tu rn  to  no rm al 
before the b lood  sam ple  was co l lec ted  w hereas  the 
RBC C hE  activity would be m ore  likely to rem ain  
depressed.

For this reason, se lection  o f  RBC C hE  activity 
for rou tine  biologic m on ito r ing  o f  b lood  to  d e te c t  
exposure to  para th ion  seem s ap p rop r ia te .  D e te r 
mining bo th  p lasm a and  RBC C h E  activities would  
not significantly increase the  likelihood o f  d e te c t 
ing progressive inhibition o f  tissue C h E  above tha t  
provided by m onitoring  RBC enzym e activity 
alone.

In sum m ary , progressive depress ion  o f  tissue 
C hE  activity to a dangerous  ex ten t  is believed to 
be p reven tab le  by a biologic m onito ring  p rogram  
involving m e a su re m e n t  o f  the activity o f  RBC 
ChE. Thus , by p reven ting  a ch ron ic  but sustained 
progressive depression  o f  this b lood  enzym e, 
poisoning by para th ion  may be p reven ted .  H o w 
ever, it is highly unlikely tha t  in f requen t  b lood  
ChE m onitoring  can  p reven t  the  o c c u r re n c e  o f  
acu te  poisoning caused  by a relatively massive e x 
posure with a resu ltan t p rec ip itous  dec l ine  in bo th  
the b lood and the tissue C h E ’s. In cases o f  serious 
overexposures  to  p a ra th ion ,  such  as by c o n ta m in a 
tion o f  a large a rea  o f  skin by spills o r  splashes o f  
concen tra te  material, it is re c o m m e n d e d  tha t  bo th  
the RBC and  the  p lasm a C h E ’s be m easured ,  
because the  latter type o f  C hE  is m o re  sensitive to  
inhibition by single large doses o f  p a ra th ion  than  
the  RBC ChE,, the  la t ter  re taining still its value as 
an indicator o f  cum ulat ive  absorp tion  o f  para th ion  
during a relatively long period  o f  t ime.
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IV. ENVIRONMENTAL AND BIOLOGIC METHODOLOGIES
M easurem ents  o f  a tm ospheric  c o n cen tra t io n s  o f  

para th ion  within the work areas  o f  pesticidal 
m anufacturing  and form ulat ion  p lan ts  and  during  
application o f  pa ra th ion-con ta in ing  pesticides in 
agricultural opera t ions  provide an indication  o f  the  
airborne levels o f  para th ion  e n c o u n te re d  by w o r
kers in these operations . Various exper im en ts  have 
also been con d uc ted  in o rder  to d e te rm in e  the ex 
tent o f  derm al exposure  to p a ra th ion  during  
similar operations.  T he  results o f  such studies 
define the need  to w ear p roper  p ro tec tive  clo th ing  
and eq u ipm en t  during potentially hazardous  o p e ra 
tions to p reven t  the o ccu rren ce  o f  poisoning by 
parath ion. R eco m m en de d  env ironm en ta l  con tro ls  
and work p ract ices  are essential for the  con tro l  o f  
occupational  para th ion  exposure.

Brown and  Bush79 m easured  a i rbo rne  para th ion  
concen tra t ions  at several locations in and  n ea r  a 
pa ra th ion-m anufac tur ing  and  -form ulating p lant. 
C oncen tra t ions  o f  the toxicant ranged  from 0.1 to  
0.8 m g /m 3. As m en tioned  previously, p lant  w o r
kers experienced  significant declines in the ir  b lood 
C hE  activities. No m ention  was m a de  o f  en g in ee r
ing controls.

Several reports  dealing with a i rbo rne  c o n c e n t ra 
tions o f  para th ion  in fields and  o rch a rd s  following 
spray application  have ap p e a re d .58’105-111 In 1951, 
Stearns e t  a l 105 applied a spray m ix ture  con ta in ing  
4 lb o f  15% wettable para th ion  and  10 lb o f  wetta- 
ble su lfu r /100 gal to  a 16-acre grove o f  g rapefru it  
trees at a ra te  o f  1,173 gal/acre. Air sampling was 
carried  ou t  during the spraying o p e ra t io n  and  a t  
24-hour intervals for the  next 3 days, then  a t  48- 
hour intervals for 6 days. A final air  sam ple was 
collected 19 days after  application. A b rea th ing  
zone sample taken during  application  analyzed a t  
0.03 ppm (0 .36  m g /m 3) o f  para th ion .  O n the fo l
lowing 3 days, the m axim um  a irbo rne  c o n c e n t r a 
tion found was 0 .005 ppm  (0 .06  m g /m 3). Seven 
days a fter  applica tion , para th ion  co u ld  no t  be d e 
tected  in the o rchard  air.

Batchelor and  W a lk e r106 analyzed air samples  
from fruit o rch a rd s  sprayed with p a ra th ion  an d  
D DT a t  average single app lication  ra tes  o f  1.8 an d
10.1 lb /acre ,  respectively. T h e  m ate ria l  was a p 
plied by e i the r  high-pressure hand  spray e q u ip 
m ent, air-blast equ ipm en t,  o r  aircraft.  In addit ion , 
the au tho rs  de te rm ined  a irborne  p a ra th io n  c o n c e n 
trations during  pesticide mixing/loading o f  bo th  
the high-pressure hand  sprayer and  the air-b last  
sprayer in a mixing p lant  and  in a w arehouse .  T h e

results indicated  tha t  the application  o f  para th ion  
is considerably  less hazardous  than  its mixing and  
loading into app lica tion  eq u ipm en t,  especially in 
o rchard  operations.  A pplicat ion  by high-pressure 
hand sprayers resulted  in slightly h igher a t 
mospheric  con cen tra t io n s  o f  p a ra th ion  than were 
brought ab o u t  by use o f  e i ther air-blast g round  rigs 
or aircraft applica tion  equ ipm ent.  T h e  m ean  a ir 
borne co ncen tra t ions  resulting from  these th ree  
m ethods o f  applicat ion  were 0 .09, 0 .03 , and 0.05 
m g/m 3, respectively. In con tras t ,  m ean  a irbo rne  
concen tra t ions  for mixing/loading o p era t ions  in 
volving ord inary  w ater-w ettab le  p o w d e r  (W W P ) ,  
antidusting W W P, and  liquid c o n c e n t ra te s  w ere  
2.15, 0 .37, an d  0 .02 m g /m 3, respectively. By utiliz
ing filter pads  a t tached  to various parts  o f  the  
o p e ra to r ’s body  and  clo th ing (shoulders ,  fo rearm s,  
thighs, back  o f  neck ,  and  ch es t) ,  es t im ates  o f  the  
potential derm al exposure  w ere  m ade . Similar es t i 
mates o f  the  potential respiratory  exposu re  were 
m ade  by m easur ing  the para th ion  abso rbed  o n to  
filter pads con ta ined  in resp ira tors  worn by the  
subjects. T he  derm al p a ra th ion  exposu re  o f  spray 
opera to rs  was found to  average 12.8 and  21.5 
mg/sq f t /h r  in high-pressure spraying and  air-blast 
spraying, respectively. T he ca lcu la ted  average 
daily d erm al exposure  o f  the  w orkers  engaged  in 
either h igh-pressure  h and  spraying o r  air-blast 
spraying was 7.7 versus 0 .02  mg/kg fo r  resp ira tory  
exposure (using the  resp ira to r  pad  tech n iq u e ) .  T he  
resp ira tor p a d  techn ique  gave values tha t  were a p 
proxim ately  3-5 times as great as those  ca lcu la ted  
on the  basis o f  the a irbo rne  samples. H ow ever,  
D urham  a n d  W o lfe 112 suggested tha t  bo th  
techniques provide the  sam e value w hen  the  d a ta  
are adjusted  to reflect the ir  d e m o n s t ra te d  ratio  o f  
impinged to  inhaled toxicant. T h e  results ind icate  
the relative m agn itudes  o f  exposures  during mix- 
ing-loading and  applica t ion  o f  p a ra th ion  by the  
dermal and the resp ira tory  routes, an d  the need  
for p ro tec tive  clo th ing an d  equ ipm en t.

By sam pling within a few feet o f  the spray 
o p e ra to r ’s b rea th ing  zone, a irbo rne  p a ra th ion  c o n 
cen tra t ions  ranging from  2.0 to 15.0 m g /m 3 were 
m easured  by Kay and  assoc ia tes58 during  the  ap p li 
cation  o f  15% w ettable  p o w der  in the  c o n c e n t r a 
tion o f  0.75 to 1.5 lb /100  gal o f  w ater  an d  
dispersed at the rate  o f  300-400  gal/acre .  High 
concen tra t ions  o ccu rred  primarily w hen  spraying 
during windy conditions. W orkers  exposed  to these  
concentrations; o f  p a ra th ion  e x p e r ien ced  dec l ines
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in blood C hE  activities. A ir samples  w ere  also co l
lected while w orkers  a d d e d  15% p a ra th io n  w etta -  
ble pow der to  spray tanks. Pa ra th ion  c o n c e n t r a 
tions derived  from  two tests in which  the  dust 
cloud rose to  the o p e r a to r ’s b rea th ing  zone w ere  
16 and 26 m g /m 3. During  the app lica t ion  o f  0.75 
lb o f  15% para th ion  w ettab le  p o w de r  an d  10 lb o f  
sulfur in 100 gal o f  w a te r  (a  low -concen tra t ion  
mixture) to  app le  trees, Kay e t  a l58 m e asured  14.0 
m g/m 3 o f  para th ion  in the b rea th ing  zone a ir  o f  
the opera to r .  T he following day, the  a irbo rne  c o n 
centra tion  o f  para th ion  was d im inished  to 0 .09  
mg/m3 and  approxim ately  3 w eeks later it was 
measured  a t  0.03 m g /m 3.

Jeg ie r107 repo r ted  on the  health  hazards  to  t r a c 
tor opera to rs  from insecticide spraying o f  crops. 
Air samples were co l lec ted  at the  t ra c to r  o p e ra 
to rs ’ b rea th ing  zone an d  the  results o f  the analyses 
for para th ion  were used to ca lcu la te  resp ira tory  
exposures. Filter pads a t tach ed  to  doub le-un it  
respirators and to  the fo rehead  and  wrists o f  o b 
servers riding beside the  t rac to r  drivers  w ere  used 
to  calculate  resp ira tory  ( a  second  m e th o d )  an d  
dermal exposures. Pa ra th ion  was app lied  to apples  
as a  spray in co n cen tra t ions  o f  0 .4 -4 .0  lb o f  15% 
wettable p o w d e r /100 gal o f  water. T h e  air c o n c e n 
trations o f  para th ion  ranged  from  0 .05  to 0 .26  
mg/m 3 with a m ean  o f  0 .15  m g /m 3 (1 0  samples). 
Jegier es t im ated  a m ean  resp ira tory  exposure  o f  
0.03 m g /h o u r  (range  o f  0 .01-0.05 m g /h o u r )  from 
analyses o f  the  filter pads. C alcu la t ion  o f  resp ira to 
ry exposure based on  the  air sam pling  results and 
a  lung ventila tion ra te  o f  444 l ite rs /hour p rovided  
an es tim ated  resp ira tory  exposure  to para th ion  o f  
0 .07 mg/hour.  T he  m ean  derm al exposu re  was 
estim ated a t  2.4 m g /h o u r  ( range  o f  0 .7-5 .8  
mg/hour).

Using similar absorp tion  pad tech n iq u es  to m e a 
sure the potential  resp ira tory  and  derm al exposure  
o f  workers spraying p a ra th ion  on  vegetab le  crops  
with hand  knapsack-m is ters,  Sim pson and  B e c k 108 
estimated the  daily (8  h ours)  d e rm a l  and  resp ira
tory exposures  a t  72.8 m g  and 2 .32 mg, re sp ec 
tively. A study o f  the  b lood C h E  activity o f  the  
sprayers ind icated  tha t  30% o f  those  tes ted  had  
decreased  levels. T h e  investigators d id  no t specify 
w hat level o f  enzym e depress ion  they regarded  as 
significant; however, they  s ta ted  tha t  w orkers  with 
activities less than  60% o f  the ir  p reexposure  values 
were rem oved  from exposure .  All samples co l
lected in the  o p e ra to r ’s b rea th ing  zo n e  by midget 
impingers con ta ined  p a ra th ion  in excess o f  0.1 
m g/m 3.

Wolfe e t  a l 109 s tudied the exposure  to  para th ion  
o f  o rchard  sp raym en  opera t ing  low-volume spray

rigs and  co m p a re d  it with tha t  o f  spraym en  using 
high-volume sprayers. Pa ra th ion  w as  applied  to  
fruit trees  in the  low-volume spray in 8-12 tim es 
the c o n cen tra t io n  o f  the  high-volum e m ixture  
(0 .24 -0 .36%  vs 0 .03%  p a ra th io n ) .  Both  the p o te n 
tial derm al an d  resp ira tory  exposu re s  were c a lc u 
lated by a t tach in g  a b so rb en t  cellulose pads to  vari
ous parts  o f  the w o rk e r ’s body o r  clo th ing  an d  by 
placing filter pads in special single- o r  doub le-un it  
respirators designed  to p reven t  d irec t  im pingem ent 
o f  spray d ro p le ts  o n to  the  resp ira to r  pads. T he  
total de rm al  exposure  was ca lcu la ted  on the  basis 
o f  the  exposed  person  wearing  a short-sleeved, 
o pen -n eck ed  shirt, no  gloves o r  hat, with his 
c lothing providing com ple te  p ro tec tion  o f  the 
areas covered . Since d rench ing  sprays can w et the  
w o rk e r ’s clothing, derm al abso rp tion  can  o c c u r  
through nonim perv ious  clothing; how ever,  the 
dermal exposure  values ca lcu la ted  by W olfe e t  
a l109 on the basis o f  minimal p ro tec tive  clo th ing  
would tend  to  provide w ork prac t ice  r e c o m m e n d a 
tions on the  conservative  side. T h e  am o u n t  o f  
para th ion  draw n into the  resp ira to r  with sufficient 
velocity to reach  the  ab so rb en t  pad  was c o n 
sidered to  rep re sen t  resp ira tory  exposure .  T h e  ca l
cu la ted  po ten tia l  de rm al  exposure  for opera to rs  o f  
low-volume spray eq u ip m en t  was 27.9  m g /hour  as 
com pared  to  19.4 m g /h o u r  with high-volum e (ie ,  
dilute spray) eq u ipm en t.  The  a u th o r s 109 a t t r ibu ted  
the  d if fe rence  to an  observed  g rea te r  para th ion  
con tam ina tion  o f  the  hands o f  the spraym en 
working with the  low-volume spray. Potential  r e s 
p iratory  ex posu re  for low-volume spraying was 
0 .055  m g /hour ,  o r  ab o u t  2.7 times tha t  es tim ated  
fo r  o p e ra to rs  o f  conventional high-volume m a c h 
ines (0 .0 2 0  m g/hour) .

Samples o f  spray mist were tak en  during  and  
after  spraying o p era t ions  with para th ion  in a 
s tu d y 110 o f  o rch a rd  w orkers  in Q uebec .  Para th ion  
was applied  as a spray ( a  fine mist) com posed  o f  
1.5-4 lb o f  15% w ettable  p o w d e r /1,000 lb o f  w a te r  
to  apple  trees. During the  spraying opera t ions ,  a ir  
samples w ere  tak en  in the  t rac to r-d r ive rs ’ 
b reath ing  zones  using fritted-glass bubb lers  c o n 
taining a lcohol.  Both a ir  residual an d  leaf residue 
analyses w ere  p e rfo rm ed  subseq u en t  to ap p lica 
tion. For sprays con ta in ing  3-4 lb of p a ra th ion  
15% w ettable  p o w d e r /1,000 lb o f  w ater ,  app lied  a t  
the rate  o f  0 .12-0 .15  lb ( o f  15% w ettable  p o w de r)  
for each  tree ,  average spray c o n cen tra t io n s  in the 
o p e ra to rs ’ b rea th ing  zones  ranged  from 0 .29  to  
0 .52 m g /m 3 o f  air. U nder  near-windless condit ions,  
the investigators found  an  a irborne  para th ion  c o n 
cen tra t ion  o f  0 .12  m g /m 3 in the o rc h a rd  1 h o u r  
after  spraying. Pa ra th ion  was no t  d e tec ted  in the
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orchard  air a fter  1 hour  o f  com ple t ing  spraying in 
winds o f  3-4 mph.

Braid et a l " 1 assessed the  po ten tia l  exposure  
from drifting para th ion  dust by tak ing  samples o f  
the a i rborne dust and o f  vegetation at dis tances  up 
to 400 feet from  the dusting m ach ine .  O ne  p e rc e n t  
parath ion dust was applied  at a rate  o f  40  lb/acre  
from a t rac to r-d raw n  duster  which d ispersed  the 
material at a  height o f  approxim ately  2 feet above 
ground. T he  air was sampled a t  a height o f  4 ft 
above g round, co rresponding  to the average 
breathing zone height o f  people w ork ing  in the  
field, using e lectrostatic  precipita tors .  T h irty -n ine  
cubic feet o f  air was sam pled  in eac h  o f  five 13- 
minute dusting trials. A irborne dust  loads were 
determ ined  a t  distances o f  50, 100, 200, 300, and 
400 feet from the application equ ipm en t.  A verage 
wind speed during the  5 trials was 6 .6  mph. T he  
airborne para th ion  co n cen tra t ions  at dow nw ind  
distances of 50. 100, 200, 300, and  400  feet were
3.0. 0.85, 0 .22, 0 .07, and  0.03 mg/m'’1, respec t ive 
ly-From the results o f  these studies, it is ev ident  
that derm al exposure to para th ion  is significant 
and actually consti tutes  a greater  po ten tia l  hazard  
than respiratory  exposures  in m ost occupationa l  
situations.

G enera l  room  ventilation is needed  in para th ion-  
m anufacturing  and form ulating  areas.  In addition , 
exhaust systems are needed  at loaders, b lenders,  
mills, kettles, packaging equ ipm ent,  and all o th e r  
possible sources  o f  vapor,  spray, or d us t  conta in ing  
parath ion. Liquid and dust exhaust  systems m ust 
be so designed tha t ne i ther  the w orkers  nor o th e r  
hum an and animal life in the su rround ing  a rea  a re  
at risk. Dust exhaust systems should  be vented  
through a dust co l lec to r  and organ ic  vapor a b 
sorber, so tha t  air ven ted  to  the a tm o sp h e re  is 
adequate ly  sc ru b b e d .’* Detailed inform ation  on the 
design and installation of exhaust  systems for 
vapor and dusts o f  para th ion  should  be sought 
from c o m p e ten t  sources , such as ventila tion  e n 
gineers o r  industrial hygienists.
Air Sampling Methods

The sampling of air for para th ion  is com plica ted  
by the fact tha t  it may exist in vapor  o r  par t icu la te  
(ie, aerosolized liquid o r  dust)  form. T hus  s a m 
pling devices must be versatile in the ir  ability to 
trap  all the physical s ta tes o f  a irbo rne  para th ion . 
The most widely used pesticide air sampling  
devices include: G reenburg-Sm ith  o r  midget impin- 
gers5«,iofi. 10«,1 1 2 -1 ih bubblers o r  sc rubbers  (fr i t ted  
glass ab so rb e rs )58’114-11*-119-120, glass f iber f i lte rs118,121 
or cellulose filter p a d s 10*1’11” ' 1 1 2 .1 1 3 .1 1 8 .1 2 0  ̂ gauze p a(j s

112-113, and packed  ad so rb en t  co lum ns, such as a lu 
m in a .112,122 Nylon chiffon screens have also been  
u sed .123 Each  device has its advan tages  and d isad 
vantages, sum m arized  by Miles e t  a l 118 as follows:

. . p acked  co lum ns  are very efficient for 
trapping vapors, bu t  recovery  o f  the  sam ple  is 
frequently  difficult; the filter systems perm it  the 
collection o f  large vo lum es o f  air in short periods 
o f  time, bu t  their efficiency for vapors  is low and 
unknow n losses o f  part icu la te  and aeroso l  sam ples  
occu r  during the sampling  period; the  scrubbers  
are  good for aerosols and  vapors, bu t the sam pling 
rate is slow and  the use o f  s in tered glass p rec ludes  
the co llec tion  o f  partic les; and cold traps a re  o f  
limited value iri field w ork in view o f  the m a in 
tenance  p rob lem . M idget and  G reenburg -S m ith  
type impingers seem to  offer a co m p ro m ise  in tha t  
they can be op e ra ted  a t  a reasonably  fast ra te ,  
they are  very efficient for collection  o f  part icu la te  
m atter ,  and with p ro p e r  selection o f  solvent they  
can collect aerosols and  vapors  effic ien tly .”

D urham  and  W o lfe ,112 in the ir  review o f  s a m 
pling m e thods  for h u m an  resp ira tory  exposure  to  
pesticides, s ta ted  tha t  the  midget im pinger has 
been repo r ted  1o duplica te  “ reasonably  w ell” the 
spectrum  o f  partic le sizes p icked  up by the nostrils 
in breathing. They fu r the r  s ta ted  th a t  the  G r e e n 
burg-Smith im pinger has the advan tage  o f  s a m 
pling large volumes of air in a given time, thus im 
proving sensitivity w here  the c o n cen tra t io n  o f  
pesticide is low o r  the exposure  t im e is brief. 
Using a 4 -hour  sampling t im e for the  G reen b u rg -  
Smith im pinger, Miles et a l118 rep o r ted  a sensitivity 
of 2.0 n g /m :! o f  para th ion  in air, o r  1/25 ,0 0 0 th  the 
airborne con cen tra t io n  pe rm it ted  in the  p roposed  
environm enta l  s tandard.

Because o f  the low air sampling ra te  inheren t  in 
the midget im p ing e r ,117 sensitivity for similar s a m 
pling t imes is less than  for the G reenburg -S m ith  
impinger though  still very high. H ow ever,  the size 
of the midget impinger im parts  g rea te r  adaptabil i ty  
to the air sampling p ro ced u re  w ithou t  sacrificing 
precision. T h e  midget im pinger ap p ea rs  to be the  
reco m m en d ed  collection device o f  cho ice  for o b 
taining para th ion -con ta in ing  air samples. H ow ever,  
neither the sampling efficiency no r  the overall 
precision o f  the sam pling  and  analytical m e th o d  
are known. (R H  Hill, J r ,  written com m u n ica t io n ,  
M arch  1976) In add ition , the E nvironm enta l  P ro 
tection  A gency has w ithdraw n this sam pling  
m ethod  (ie, midget impinger using purified 
ethylene glycol) f rom  its pesticide sampling and  
analysis m anual  since “ a con troversy  concern ing  
the reliability o f  the  d a t a ” has arisen  from using 
the m ethod . (R H  Hill, Jr, written com m u n ica t io n ,
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M arch  1976) Despite this, the impinger is 
presentl) the best available sam pling  device for 
para th ion  in air. Since para th ion  may o ccu r  in air 
as vapor, liquid droplets , o r as an adso rbed  film on 
solid partic les, it is essential tha t  the  impinger be 
o pera ted  at a flow rate which will efficiently c o l 
lect all form s o f  a irborne  para th ion .  Appendix  I 
gives details o f  the sampling and  air flow c a l ib ra 
tion p rocedu res  to be followed w hen  using this 
method. O the r  air sampling m ethods  which can be 
shown to be equivalent, o r  superio r,  in efficiency 
to the impinger m ethod  may be used.
Parathion Analysis

The first s tep in all the analytical m e thods  c o n 
sidered here is the rem oval o f  the pesticide and  
o the r  co m p o u n d s  o f  interest  from the  substra te  or 
trapping  m edium . Filters and solid adso rben ts  a re  
am enable  to solvent ex trac t ion  o r  desorp tion . T he  
extraction solvent must be com pat ib le  with su b 
sequent analytical p rocedu res  unless the  solvent is 
to be rem oved  in the p rocedu re .  T h e  con ten ts  o f  
impingers or bubblers  using nonvolatile  solvents 
must be partit ioned  into an immiscible , volatile 
solvent. For exam ple, para th ion  collec ted  in 
ethylene glycol is ex trac ted  from it with a light 
hydrocarbon ,  preferably  hexane.

The variety of techn iques  available for assay o f  
para th ion-conta in ing  materials  covers  the gam ut o f  
testing p rocedu res  from titration to the  m ore  c o m 
plex instrum ental  m ethods. Several tech n iq u es  are 
applicable to the analysis o f  large am oun ts  o f  
parath ion, such as are found in the technica l 
material o r  its formulations. Analysis o f  t race  
am ounts o f  chem icals  presents  p rob lem s  in sen 
sitivity and specificity which can be ov e rco m e  only 
with certain  instrumental  m ethods . T he  spec- 
t ropho tom etr ic  m ethods can  be used to analyze 
parath ion directly or to assay it a f te r  derivatiza- 
tion.

The residue m ethod  m ost com m only  used before  
the developm ent o f  a gas c h ro m a to g rap h ic  d e t e c 
tor specific for phosphorus  was tha t o f  Averell and  
N orris .124 In this m e thod ,  the n itro  g roup  o f  the  
parath ion is reduced  to an am ino  g roup  with zinc 
and hydrochloric  acid. T he  am ino  g roup  is then  
diazotized with nitrite and coup led  with N-( 1 - 
naphthyO -ethylenediam ine d ihydroch lor ide . T he  
resulting dye has a deep  m agenta  co lor ,  absorb ing  
at 555 nm. The light absorption o f  the co lored  
derivative is m easured  at 555 nm and  is c o m p ared  
to a s tandard  curve for quantita tion .

The sp ec tropho tom etr ic  m e thod  o f  Ciage125 is a 
modification o f  the Averell-Norris  m e thod . 
A lthough it was developed  as an assay m e thod  for

technical para th ion  and  form ulat ions,  it is app lica 
ble to trace  analysis w here  relatively high c o n c e n 
trations o f  PN P o r  the S-ethyl isom er o f  para th ion  
( 0 ,S -d ie thy l  O -p-n itrophenyl p h osp h o ro th io a te  ) 
are present.

Parathion, itself, has a m o d e ra te  abso rp tion  
maximum in the nea r  ultraviolet spec trum  at 274  
nm; Hirt and G isc la rd 11'1 utilized this p roperty  for 
d irect analysis o f  the insecticide in air sampling  
devices. T he  solution from  a bu bb le r  o r  midget 
impinger is dilu ted  to a know n volum e, the a b 
sorbance o f  the  para th ion  being m e asured  spec- 
trophotom etrica lly .

Range and sensitivity o f  the sp ec t ro p h o to m etr ic  
m ethods a re  limited by two factors ,  the  a b 
so rbance o f  the  m ateria l  analyzed and  the s e n 
sitivity o f  the ins trum ent used to pe r fo rm  the a n a l 
ysis. They also suffer from  a variety o f  in te r 
ferences. M any co m p o u n d s  ab so rb  light in the 
near u ltraviole t region, especially a ro m atic  c o m 
pounds; the refo re , the Hirt and G is c la r d " 6 m e thod  
is especially susceptible  to in terferences . C o m 
pounds tha t  absorb  in the visible spec trum  a re  less 
com m on  and  would not normally  be expec ted  to 
appear  in air sampling devices and, as such, do  n o t  
represen t a p rob lem  in the  A vere l l -N orr is124 
method. How ever,  a ro m atic  nitro or am ino  c o m 
pounds can  potentially  behave  like para th ion  by 
forming a dye in the  co lo r  d e v e lop m en t  p ro ced u re ,  
which may absorb  at the  sam e w avelength  and  
thus interfere. Isomers o f  pa ra th ion ,  its oxon, and 
p-n itropheno l  are  especially  likely to  give high 
parath ion  assays in the  Averell-N orris  m e th o d  
which is no t specific for para th ion .

O f  the sp ec tro ph o to m etr ic  m ethods ,  tha t  o f  
G a g e '2r> is the only one  to  have any specificity for 
any o f  the isomers o f  pa ra th ion ;  how ever,  none  o f  
them estim ates  pa raoxon  separa te ly  from 
parath ion , it is e i ther  lost by hydrolysis o r  is read  
as para th ion . T h e re  is no UV-visible sp e c 
tropho tom etr ic  schem e o f  analysis for the separa te  
de te rm ina tion  (ie, limit o f  d e tec t io n )  o f  pa raoxon  
in the p resence  o f  para th ion .

In 1964, the  the rm ion ic  emission o r  alkali flame 
ionization d e te c to r  (AF1D) was in t roduced  by 
G iuffrida12,i; in 1966, Brody and  C h a n e y 127 in
t roduced  the flame p h o tom etr ic  d e te c to r  (F P D ) .  
Both de tec to rs  a re  m odifications  o f  the universal 
flame ionization d e te c to r  and are  highly specific 
for phosphorus.  Since the  d ev e lop m en t  o f  the 
phosphorus-specific  de tec tors ,  the  p re fe r red  
m ethod  for the  analysis o f  para th ion  has been  gas 
liquid c h ro m a to g rap h y  (G L C )  for the following 
reasons: G L C  offers the advantage over  the  sp e c 
tropho tom etr ic  m e thods  o f  superio r  specificity in
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that it separates  the co m p o n en ts  o f  the  sam ple 
under scrutiny before  the com p o u n d  is quantit ized; 
tha t  is, the instrum ental  signal from the gas c h ro 
m atograph , as it is reco rd ed ,  has a higher p ro b a 
bility of arising from a true  response to the c o m 
p o u n d  being assayed than tha t  f rom  a sp e c 
tropho tom ete r .  Thus, G L C  offers s im ultaneous 
qualitative and  quantita tive  analysis. For para th ion  
collected  in air sampling devices, analysis should 
be stra igh tforw ard  and  should  requ ire  no  e lab o ra te  
cleanup  s te p s .12” Analysis follows d irec t  ex trac t ion  
o f  filters or vapor ad so rb en t  and  c o n cen tra t io n  o f  
the ex tracting  solvent to an ap p ro p r ia te  volume.

A p ert inen t  p rob lem  in trace  analysis o f  a pes ti
cide is the choice  o f  a d e tec to r  system. As m e n 
tioned above, two widely used phosphorus-specific  
de tec tors  have been  developed  fo r  pestic ide 
residue analysis, the FP D  and the A F I D .126,127 T he  
FPD has m uch  less str ingent requ irem ents  than the  
AFID for d e tec to r  gas flow control  and, the reby , 
requires less time for m a in tenance  and  ad jus tm en t  
o f  the de tec to r .  T he  F P D  also m ain ta ins  a m ore  
stable response  during a period  o f  t im e than the  
AFID and requires less frequen t  injection o f  s ta n 
dards for p ro p e r  calibration. In add it ion , the AFID 
is responsive to organ ic  co m p o u n d s  conta in ing  
chlorine, nitrogen, and  som etim es sulfur, though  to  
a lesser degree  than  to phosphorus  when the in 
s trum ent is tuned  properly. T h e re fo re ,  the  FPD  is 
considered to be superio r to AFID.

G rea t  sensitivity is also a m ajor  advan tage  o f  the  
G L C -phosphorus  specific d e tec to r  m e th o d  o f  an a l 
ysis. Averell and N o rr is124 repo r ted  tha t  20 /xg o f  
parath ion in the final 50-ml a l iquo t  rep resen ted  
the sensitivity o f  the ir m e thod . Because  o f  g rea t  
differences in extinction coefficients, the Averell- 
Norris m e thod  is inherently  a tho u san d  times m ore  
sensitive than  the m e thod  o f  Hirt an d  G isc la rd .116 
In con trast,  G u if f r id a126 d e tec ted  0 .024  ¡ig  o f  
parath ion using G L C  with AFID. For norm al 
analytical work, a conven ien t  w ork ing  range for 
AFID i's betw een  50-1 ,000 p icogram s 
(pg)/in jection volume. G L C  with FPD  was r e 
p o r te d 127 to be sensitive to 250 pg o f  para th ion  
using a 526-nm filter; the response was l inear from 
6 ppb to 60 ppm.

The precision o f  G L C  analysis d ep en d s  largely 
on several factors. Syringe-handling techn ique  is 
very im portan t  for the small vo lum es o f  samples 
used with the  phosphorus-specific  de tec tors .  In jec
tions are com m only  m ade  against 20-40  psi o f  c a r 
rier gas pressure, and a worn syringe or injection- 
port  sep tum  can cause  serious sam ple  loss. Use o f  
a solvent-flush techn ique  usually increases  the  
reproducibility  o f  sam ple analyses. In s trum en t s ta 

bility is an o th e r  fac to r  in precision. A dirty d e te c 
tor, especially with the  AFID, a bad  co lum n, o r a 
faulty e lec t ro m e te r  or re c o rd e r  will cause loss o f  
sensitivity an d  erra tic  responses. Overall  precis ions 
of±5%  are no t  u n com m on . Fac to rs  affecting a c c u 
racy are ex trac t ion  efficiency, in te rfe rences ,  ins tru 
m ent stability, and f requen t  use o f  s tandards . In 
tegration o f  the areas o f  various peaks  is a critical 
step in deriving n um bers  re la ted  to  sample c o m 
position; it is the  conversion  o f  the  reco rd  
produced  by the d e te c to r  from analog  to digital 
form.

All the  m e thods  for es tim ation  o f  para th ion  
discussed in this d o cu m en t ,  pho to m e tr ic ,  spec- 
tropho tom etr ic ,  and  G L C , quan ti ta te  their  re sp o n 
ses to unknow n quanti t ies  of  the insecticide by 
com paring  them  with s tandard  curves. The  s ta n 
dards  used are  originally weighed ou t  and  b ro u gh t  
to known con cen tra t io n s  by serial dilu tions and , as 
such, are  secondary  g rav im etric  s tandards .  Thus, 
all the m e thods  yield values tha t  a re  in units o f  
weight o f  para th ion ,  so tha t  the estim ates  ob ta in ed  
by d ifferent m e thods  are co m p arab le  directly.

Air m onito ring  should  p ro d u c e  samples re la t ive
ly free o f  in te rfe rences  w hen analyzed  with a gas 
c h ro m a to g rap h  equ ipped  with a specific d e te c to r  
o f  phosphorus.  Any o rg a n o ph o sp ho ru s  c o m p o u n d  
tha t  survives pyrolysis will be d e te c te d ,  bu t  only 
those having a re ten tion  time c lose to tha t  o f  
para th ion  will in terfere. Large quan ti t ies  o f  o r 
ganic m aterial  will increase b a ck g ro u nd  noise for 
the FPD, the reby  reducing  the accuracy  o f  the 
m ethod. In sum m ary , G L C  with F P D  offers the  
following advan tages  over  the p h o to m e tr ic  and
spec tro ph o to m etr ic  m ethods:

( 1 ) Less subject to  in te rfe rences  from c o n 
taminants.

(2 )  Specific for para th ion .
(3 )  G re a te r  sensitivity.
(4 )  G re a te r  precis ion  and  accuracy . T he

G L C  with FPD  m e thod  is the refo re  re c o m m e n d e d .
Plasma and RBC ChE Analysis

As the identification of the various C hE  e n 
zymes developed ,  the de te rm ina t ion  o f  the  c a t a 
lytic ability o f  enzym es in tissue by various 
methods was pe rfo rm ed  to d e te rm in e  the effects  o f  
various inhibitors on tissue enzym e activities.

The early m ethods  o f  d e te rm in a t io n  o f  C hE  a c 
tivities used principally ace ty lcholine  as a substra te  
and  m easured  the  re lease  o f  H-ions as the esters  
were hydrolyzed. This change  has been  m easured  
m anom etr ica l ly ,129,1:10 by change  in an acid-base in 
d ic a to r ,131,132 and by e lec t rom etr ic  pH m e a su re 
m e n t .133
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M anom etric  m ethods  for analysis o f  C h E ’s have 
been found to  be am ong  the m ost precise  bu t  have 
the inheren t  d raw backs  o f  t im e-consum ing  
m anipula tions and procedures .  T h ese  m e thods  
have been used for bo th  RBC and  p lasm a C h E  as 
says.134' 136

M ethods using a change  o f  ind ica to r  co lor  have 
been successfully used with serum  C h E  sam p les ,112 
but are not applicable  to hem olyzed RBC sam ples  
or plasm a because o f  the turbidity  o f  such so lu 
tions. Unless dialysis m em branes  are u sed ,137 the 
analytical precision decreases  because  o f  the t u r 
b idity . |:,2-13K The principle o f  this m e th o d  has led to 
several useful field screening m ethods. Such field 
methods have p o o r  precision, ±25% , but this 
degree o f  precision is not inappropria te  for sc re e n 
ing m e th o d s .137144

The e lec trom etr ic  m ethod  o f  M ich e l133 was 
developed primarily to  decrease  the  time requ ired  
for analysis and has been found to be well-suited 
for dete rm ina tions  o f  both  RBC and  p lasm a ChE 
activities. This m ethod  has been widely used in the  
m e asurem en t  o f  RBC and plasm a C h E  in men  ex 
posed to O P  ChE-inhibitors . In fact , the  ApH 
m ethod  has been the one  used in m ost o f  the r e 
ported  d e term ina tions  o f  norm al h u m an  RBC an d  
plasma C hE  values.134 Additionally , the  best 
established norm al values for hu m an s  were d e te r 
m in e d 145 using the original ApH m ethod  o f  
M ichel .133 T h e  studies by V orhaus a n d  K a rk 146 o f  
changes in serum C hE  activities d u e  to d isease 
also used the original ApH m ethod  o f  Michel.

Variations o f  the original M ichel m e thod  have 
been p roposed  to m ake the m e th o d  m ore  c o n 
venient. P rocedures  have been  p ro p osed  using 
capillary b lood sampling m ethods  ra the r  than 
those involving v e n ip u n c tu re ,147 a u tom a ted  
system s,148 less analysis t im e ,149 and a single m e a 
su rem ent o f  p H 150 T he  m e thod  o f  Wolfsie and  
W in te r147 has the advan tage  o f  no t  requ iring  s a m 
ples as large as those  o f  the original M ichel 
m ethod, w ithout  any app a ren t  loss o f  p rec is ion .151

The p roduc tion  o f  acid has also been  m on i to red  
by continuously  adding base to m ain ta in  a c o n 
stant pH as hydrolysis occurs. Such m ethods  a re  
referred  to as PH -stat m e th o d s .152,153 The pH -stat 
methods have not been rep o r ted  in surveys and  
case studies of O P  poisoning as often  as the ApH 
methods. E quipm ent requ ired  is m ore  difficult to  
operate  and maintain than the relatively simple 
equ ipm ent o f  the ApH m ethods. T he  pH -sta t  
m ethod was found by Crane et a l 151 to be less 
precise (1.70% relative s tandard  dev ia tion )  than  
the ApH m e thod  (1.45%  relative s tandard  dev ia 
tion), and to exhibit a high degree  o f  in te r lab o ra 

tory variation. T he  pH-stat  m e th o d  em ploys a 
titration at cons tan t  pH. A lthough the  activity o f  
C hE  enzym es has been  observed  to be  pH -depen- 
dent,  the  small change  in pH o bse rved  in the  ApH 
m ethods has a com paratively  small an d  co rrec tib le  
effect on  the  activity o f  ChE. T hus ,  the  pH -s ta t  
m e thod  does not have a  significant advan tage  in 
this regard; it does have the advan tage  tha t  a 5- 
minute t i tra tion  is usually sufficient for es tim ating  
the C hE  activity o f  a sample. F u r th e rm o re ,  norm al 
hum an values are less well established with this 
m e thod  than with tha t  o f  M ich e l .134154

O ther  m e thods  have been  used to d e te rm ine  the  
rate o f  hydrolysis o f  various substra tes  by enzym e- 
conta in ing biologic samples. This has  been  d o ne  
by estim ating the am o u n t  o f  u n reac ted  A Ch after  
a period  o f  incubation with a source  o f  C h E 155157 
and by m easur ing  the release o f  thiocho line  from 
acety lth iocholine  by C h E ’s .158, ,59-16°.161 T he  
m ethods for the de te rm ina t ion  o f  u n reac ted  A Ch 
have been used primarily with serum  samples and  
have not been  used frequently  in this d e te rm in a 
tion after O P  exposures. T he  m e th o d  o f  Hestrin , 
which ap p ea rs  to be the  s tandard  m e thod  for 
serum C h E ,162,163 has been  used in es tablishing n o r 
mal values,154 and has precision co m p arab le  with 
the ApH m e th o d .136 T he m e th o d  has apparen t ly  
not been used for de te rm in ing  C hE  in p lasm a o r  
R B C ’s, p resum ably  because  o f  the  turbidity  o f  
such solutions. T he  m e th o d  can  be used un de r  a 
g reat variety o f  experim en ta l  cond it ions , how ever,  
including wide ranges o f  p H ’s, substra te  c o n c e n t r a 
tions, enzym e co n cen tra t io n s ,  and  buffer so lu 
t io n s .136 A m e thod  which can  a c c o m m o d a te  varia 
ble condit ions  does no t  necessarily gain an a d 
vantage from  this fact,  however, because  such 
variations usually a re  no t  en c o u n te re d  in the r o u 
tine analysis o f  hum an  C h E ’s.

T he m e thods  which estim ate  C h E  by d e te rm in 
ing the am o u n t  o f  hydrolyzed ace ty l th iocholine  
have been  used for several  years s ince they w ere  
first deve loped  by Koelle and  F r ie d e n w a ld 159 for 
histochem ical de term ina tions .  M e th o d s  have been  
developed using several reagents  which form 
colors with the  thiocho line  p resen t  a f te r  hydrolysis 
o f  a c e ty l th io ch o l in e .1581“1164 D ete rm ina t ions  o f  
C h E ’s in p lasm a, serum , R B C ’s, and o th e r  tissues 
were possible using the  m e th o d  o f  Ellm an et a l ,164 
but the re  a re  possibilities o f  in te rfe rences  by ic te r
ic o r hem oly tic  plasm a. This m e th o d  has b een  
adap ted  for use with an au tom at ic  analyzer and  is 
thus usefu l- for  the rou tine  analysis o f  large n u m 
bers of samples. N orm al activities o f  hum an  C h E ’s 
with these m e thods  have not been  rep o r ted  ex ten 
sively.134 T he  precision o f  these co lor im etr ic

42



m ethods is not as g reat as tha t  o f  the ApH 
m e thods ,164,185 and  the re  are som e additiona l 
character is t ics  which may d e trac t  f rom  the ir  su ita 
bility for routine analysis. A m ong  these are the  
fact tha t  the substrate co ncen tra t ion  is too  low for 
the de term ina tion  o f  plasm a C h E ,1*5 and  tha t a u to 
oxidation o f  thiocholine is poss ib le165; the re  is also 
some d isagreem ent over the relative specificities o f  
acetylcholine and ace ty l th io ch o l in e .159,lfi0,l(!4

Several o th er  laboratory  m e thods  have been  
devised, such as the am pe ro m e tr ic  m e th o d  
described by Einsel et a l1'* and  the radioassay 
m ethods o f  W interingham  and D isney ,lfi7,lwi and 
P o t te r .1® A gas ch rom atog raph ic  m ethod  was 
developed by C ran m er  and P e o p le s170 and an 
acetylcholine-ion-selective e lec t ro d e  was 
developed by B a u m .171 These a l te rn a te  m e thods  
have no t  received w idespread  a c c e p ta n c e  and  have 
not been well d o cu m en ted  in the  o p en  l iterature . 
The  principal reasons are  tha t  these  m e thods  
require m ore  expertise  than  the co lor im etr ic  and  
ApH m ethods. E q u ip m e n t  used in these  m e thods  is 
more specialized and  expensive than  tha t  used in 
manual co lor im etr ic  and ApH m ethods. A c o m 
parison o f  norm al values o f  activity fo r  RBC C hE  
in hum ans by the  Wolfsie and  W in te r147 m e thod  
and the original m e thod  o f  Michel used  by Rider 
et a l ,145 shows similar values for m ean  activity o f  
RBC ChE. Wolfsie and  W in te r147 found  a m ean  o f  
0.861 A pH /hour with a s tandard  deviation o f  
0.091. R ider et a l145 found a m ean  o f  0 .766  
ApH/hour with a s tandard  devia tion  o f  0 .081 . 
Rider et al explained the  d ifference betw een  the 
mean RBC C hE  activity tha t  they de te rm in ed  and  
that o f  Wolfsie and W inter  on the basis o f  p ro b a 
ble con tam ination  o f  red  cells by plasm a in the  last 
two a u th o rs ’ work, s ince the R B C ’s were no t  
washed during  that study. W i t te r1® suggested tha t  
the d ifference may have been due  to increased  
packing o f  RBC's in the  Wolfsie and  W inter  study. 
Also, this d ifference in m eans  may be due, in part ,  
to the fact tha t  the same persons w ere  not tes ted  
in the two studies. In establishing their  m ean ,  
Rider et a l 145 sampled 400  men, w hereas  Wolfsie 
and W inter  sampled 255 men. T he two groups o f  
subjects were small enough  to allow the  d isc rep an 
cy in mean values w ithout  necessarily  conclud ing  
that the R B C ’s were co n tam in a ted ,  especially in 
view o f  the ranges and s tandard  dev ia tions  in the  
studies. T he  ranges d e te rm ined  by Wolfsie and  
W inter and by Rider et al w ere  0 .554-1 .252  
ApH/hr and  0 .58-0.95 ApH/hr, respectively. T h e  
range o f  C h E  activities o f  the g roup  o f  subjects  
studied by R ider and his associa tes fell within the 
range for the group o f  Wolfsie and  W inter.

Clearly, th e re  is m uch  overlap  o f  the d is tr ibutions 
o f  normal C hE  activities in the two studies, and 
the d ifference in m eans  should no t  be given undue  
significance in these com paratively  small samplings 
from the en tire  popula t ion .

T he s tandard  devia tions for chem ica l  analyses o f  
C h E ’s by the  m e thods  o f  Wolfsie and W in te r147 
and Rider e t  a l ,145 0.03 ApH/hr, are small in c o m 
parison to the interindividual variations o b 
served .145 They are  inc luded in the overall s ta n 
dard devia tion reported .

The m eans  of the norm al popu la t ions  by these 
two “ A pH ” m e th o d s145,147 are c loser for plasm a 
C hE  activity than  for RBC C hE  activity. T he  
means o f  the  p lasm a C h E  activities o f  the 2 groups 
o f  norm al subjects were found by Wolfsie and  
W inter 147 and  Rider e t  a l 145 to be 0 .912  and  0.95 3 
ApH/hr, respectively, and  the s ta nd a rd  devia tions 
were 0.11 and  0.19, respectively. T h e  ranges for 
plasma C h E  in norm al hum ans o f  Wolfsie and  
W inter and  Rider et al were 0 .4 08 -1 .652  A pH/hr 
and 0 .52-1 .39  ApH/hr, respectively, indicating  
again tha t  the  g roup  o f  norm al subjects  used by 
Rider e t  al had p lasm a C hE  activities inc luded  
within the range d e te rm ined  by Wolfsie and  
Winter.

Based upon  the cons idera tion  o f  m eans, s ta n 
dard  deviations, and  ranges, the conclus ion  can  be 
m ade with a high degree  o f  reliability tha t  the re  is 
not an app rec iab le  d ifference in e i the r  the  norm al 
values de te rm in ed  in the  2 studies o r  the analytical 
m ethods used in them.

In studies o f  serum C hE  activities in various 
groups, d ifferent norm al values have been found  
for m en and w o m e n .154 In the largest study r e 
p o r te d ,145 the m ean  o f  the  fem ale p lasm a C h E  was 
found to be lower than  the p lasm a C hE  o f  men. 
The fem ale/m ale  ratio o f  0 .86  found  by R ider et 
a l145 was represen ta t ive  o f  those found  in several 
o the r  s tudies reported  by W ets tone  and  L aM ot- 
t a . 154

Based on the foregoing, the b iochem ica l  assay 
m ethod  o f  M ich e l1“  has been se lec ted  as the  
m ethod  o f  analysis to be re c o m m e n d e d  because  it 
has been the  most popu lar ,  is the  m ost widely 
docu m en ted ,  and is unsurpassed  in precision. T he  
laboratory  eq u ip m en t  necessary  is s tandard ,  r e la 
tively inexpensive, and  simple to use. A lthough the  
m ethod  is no t  au tom a ted ,  it does prov ide  small 
laboratories with the capabili ty  to  analyze m any 
samples w ithout  excessive expense. N orm al values 
using this m e thod  are based upon  the  largest e x 
tant survey of a nonexposed  popu la t ion . (T ab le  
XI-2) T he m icrom odif ica t ion  o f  the  sampling 
m ethod  used in the original M ichel m e thod ,
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described by Wolfsie and  W in te r ,147 used in c o n 
junction  with the original b iochem ica l  assay 
m ethod  o f  Michel will provide suffic ient precis ion  
in analysis w ithou t  excessively g rea t  
b lood le tt ing .H8-172
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V. DEVELOPMENT OF STANDARD
Basis for Previous Standards

Parathion ap p eared  in both  the  ten ta tive  
Threshold  Limit Value and established value lists 
o f  the A m erican  C onfe rence  o f  G o v ern m en ta l  In 
dustrial Hygienists (A C G IH ) in 19 5 4 ,173 with a 
suggested T L V  o f  0.1 m g /m ’1.

D ocum enta t ion  for the ACG IH  v a lu e 174 was 
published in 1962. T he TLV  o f  0.1 m g /m 1 was 
primarily based on conclusions draw n  from the 
studies of Kay et al58 and  Brown and  Bush.79 Kay 
et al5h m easured  a irborne para th ion  levels ranging 
from 2 to 15 m g /n r1 in the breath ing  zones o f  w o r
kers engaged in o rchard  spraying. At the end o f  a
2-month spraying period, during which time the  
workers were interm ittently  exposed, the b lood 
ChE levels o f  the sprayers were d ec reased  ab o u t  
25% below control values. The average daily ex p o 
sure was e s t im a te d 174 by the C o m m it tee  on  
Threshold  Limit Values to be not m ore  than 2.0 
m g /n r1 even though the range o f  m easured  a i r 
borne para th ion  levels was 2-15 m g /m 3. Brown and 
Bush79 m easured  a irborne  para th ion  levels ranging 
from 0.1 to 0.8 m g /m :i in a m a n u fa c tu r 
ing/formulating plant in which w orkers  showed 
decreased  RBC and plasma C hE  activities. T he  
TLV docum en ta t ion  s ta te s ,174 “ Based on these c a l 
culations, 2 m g /m 3 would ap p ea r  to be an exces 
sive exposure . From the work o f  Brown and Bush, 
0.5 mg appears  excessive. It is con c lud ed  tha t  the  
figure o f 0.1 m g/m 3 provides the best es tim ate  for 
a threshold limit from available d a ta . ”

In the 1966 D ocum en ta t ion  o f  T hresho ld  Limit 
V alues ,175 the results o f  various animal feeding s tu 
dies were reported . In addition, the  results o f  
E dson ’s s tudy35 involving the daily o ra l  ingestion o f  
parath ion by hum an volunteers w ere  presen ted ;  
“ doses o f  1.47 m g/m an/day  p ro d uc ed  no effect in 
volunteers, while a dosage o f  5 .46  p ro d uc ed  
m odera te  depression o f  blood cho lin es te ra se .” 175 
The TLV' was believed to be sufficiently low to  
prevent significant depression o f  b lood  C hE  activ i
ty provided that con tam ian tion  o f  the skin was 
prevented.

The data  o f  A rte rbe rry  et a l50 showing a slight 
depression in blood C hE  activity at a urinary PN P 
excretion o f  abou t  2 mg/liter in w orkers  repea ted ly  
exposed to para th ion  was inc luded in the T h ird  
Edition (1 9 7 1 )  o f  the D o cum en ta t ion  o f  the 
Threshold  Limit V a lu es .176 The  re c o m m e n d e d  
TLV' rem ained  at 0.1 m g /m 3.

A federal am bien t  air (ie, w o rk p lac e )  s tandard  
for para th ion  o f  0.1 m g /m 3, with a warning c o n 
cerning skin absorption , has been  p rom ulga ted  by 
the O ccupationa l  Safety and H ealth  A dm in is t ra 
tion under  the au thority  o f  the O ccupa t iona l  
Safety and Health A ct  o f 1970 (2 9  C F R  Part  
1910.93 published in the  Federal Register  
39:23542, June  27, 1974). This s tandard  is based 
upon the re c o m m en d a t ion  of the A C G IH . The  use 
o f  the w ord skin following para th ion  in the federal 
s tandard  is intended to suggest a p p ro p r ia te  m e a 
sures for the  p reven tion  o f  cu tan eo u s  absorp tion  
so that the am bien t  air limit is no t  invalidated. 
T here  are no state env ironm enta l  limits m ore  
restrictive than  the federal.

Permissible levels o f  toxic substances  in the  
work env ironm en t for a n u m b er  o f  coun tr ies  in a d 
dition to the US have been  published by the Jo in t  
IL O /W H O  C om m it tee  tin O ccupa t iona l  H e a l th .177 
Finland, the Federal  Republic  o f  G erm an y , Japan ,  
Rumania , and  Yugoslavia all have o ccupa t iona l  ex 
posure s tandards  o f  0.1 m g /n r1, while Bulgaria, 
Hungary, and the USSR adop ted  0.05 m g /m 3 as a 
maximal accep tab le  c o n cen tra t io n  (M A C ).  In the 
USSR, M A C ’s are defined as . . abso lu te  
limits tha t  should  not be exceeded  during  any part  
of the  working day, regardless o f  low er c o n c e n t r a 
tions tha t  may have existed during  any o f  its 
period. They  are set a t  a value which will no t 
p roduce , in any o f  the persons exposed , any d ev ia 
tion from norm al,  o r any disease which can  be d e 
tected  by the most m odern  resea rch  m ethods  
available .” 177 Smelyanskiy and  U lan o v a ,178 in a 
paper  dealing  with Russian M A C ’s, s ta ted  tha t  
m ethods for investigating C N S function  and  h igher 
nervous activity, b iochem ical  and  de l ica te  
m orpholog ic  and histologic techn iques ,  and the 
use o f  bo th  cond it ioned  and uncond i t ioned  
reflexes, am ong  o thers,  are  o f  value in de tec t ing  
early m anifesta tions  o f  chron ic  toxicity o f  w o rk 
place substances.
Basis for the Recommended Environmental 
Standard

The charac ter is t ic  signs and sym ptom s o f  
para th ion  poisoning, discussed in C h a p te r  III and  
listed in T ab le  III-1, are  du e  to cholinergic  s t im ula
tion resulting from inhibition o f  the  activity o f  
neu roeffec to r  and o th e r  tissue C h E ’s . 1 T here  is
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evidence from  experim ents  with D F P 71 tha t  RBC
and plasm a C h E ’s serve as “ b u ffe rs"  p ro tec t ing  
the more vital tissue C h E ’s from inhibition. Karcz- 
mar and K oppanv i71 d em o n s tra ted  in animals with 
a normal a m ou n t  o f  n eu roeffec to r  C hE  tha t  
lowered activities o f  p lasm a and RBC C h E ’s in 
creased responses to ACh, BC'h. an d  DFP. T hey  
were able to dem ons tra te  also tha t,  in animals in 
which the tissue C h E ’s had been red u ced  to near  
zero, the infusion o f  ChE-rich  b lood probably  did 
not restore activity at the n eu ro e ffec to r  sites. In 
such animals, however, responsiveness to injec ted  
ACh was nearly the same as tha t  o f  con tro l  
animals.

The absorption  and subsequen t  m etabolic  c o n 
version23'25 of para th ion  by the body reduce  the 
ChE activities in central ,  periphera l ,  and a u 
tonom ic nerve tissues, R B C ’s. and b lood p la sm a .18 
G rob et a l18 dem ons tra ted  tha t the b lood C h E ’s 
are depressed  along with tissue C h E ’s in hum ans 
poisoned by parath ion. O the r  investigators have 
shown8,!M1,13- significant depressions o f
both RBC and  plasm a C h E ’s in w orkers  exposed  
to parath ion but no t  exhibiting signs and  sym ptom s 
o f  para th ion  poisoning as well as in those  exposed  
and exhibiting signs and sym ptom s o f  poisoning.

In addition to blood C hE  de te rm ina tions ,  es t i 
mation o f  m etabolites  such as urinary  PN P as a 
measure o f  hum an exposure to para th ion  has been  
p roposed .37'4B'5I,10‘ I7!' D eterm ina tions  o f  blood and  
urine alkyl phosphates  have been  suggested 
a lso .1"0' 1*2 In 1970, Wolfe et al51 repo r ted  tha t PNP 
excretion levels co rre la ted  well with exposure  to  
parath ion. T he  average peak excretion  level o c 
curred  8.7 hours  after exposure; the levels o f  PN P 
were insignificant 48 hours after exposure .  Thus, it 
is im portan t  to obtain  urine samples soon after e x 
posure. A rte rberry  et al50 conc luded  in 1961 tha t  
PN P excretion  is not a reliable m easure  o f  the  
severity o f  poisoning. In agreeing with the c o n c lu 
sion o f  A rte rberry  e t  al, Wolfe e t  a l51 s tated tha t  
PNP was a more sensitive m easure  o f  exposure  
than were b lood cholinesterase  levels though the  
latter seem ed to co rre la te  bet te r  with o c c u rre n c e  
o f  poisoning than did PN P excretion. As a 
hypothetical exam ple, following an exposure  to 
parath ion sufficient to depress the  RBC and  
plasma C h E ’s to 60% o f  their  p reexposure  values, 
PNP will be excreted  in the urine. In o rd e r  to  
determ ine the ex ten t o f  this exposure ,  the u rine 
would have to be collec ted  within approx im ate ly  9 
hours o f  exposu re .51 A bout 2 days later, the  u r in a 
ry PNP excretion  would have e n d e d 51 w hereas the  
blood C h E ’s would still be dep ressed  from  n o r 
m a l.18 Subsequent  significant exposures  would

p roduce  the  same effects, with fu r th e r  depress ion  
in blood C h E ’s and urinary  excret ion  o f  PNP. 
Thus, the  likelihood o f  de tec t ing  continu ing  
parath ion  absorp tion  with resu ltan t ChF. d e p re s 
sion th rough  a routine  biologic m on ito r ing  p r o 
gram is g ie a te r  by es tim ation  o f  b lood C h E ’s than  
o f  u r ina ry  p NP. C ho lines te rase  activity levels a p 
pear to be ne tte r  indicators  o f  O P  exposure  s ince 
the re g en e ra t io n /re p lace m en t  ra tes  are  slow 
e n o u g h 18 to integrate the  exposure  effectively and  
allow pract ica l  sampling frequencies .  In add ition , 
w orkers  engaged  in fo rm ula t ion , mixing, and app li
cation o f  para th ion  arc likely to be s im ultaneously  
exposed to o th e r  ChE-inhibiting  insecticides, such 
as m evinphos, m on o cro to ph o s ,  T F P P ,  azinphos- 
methyl, and o fhers, which do not result in urinary 
excretion o f  PNP. In cases o f  exposure  to mixed 
anticholinesterase  pesticides, urinary m onito ring  o f  
PNP levels would no t  necessarily provide  warning 
o f  additional inhibition o f  blood C h E ’s. W orkers  
exposed to para th ion  alone are the excep tion  
ra ther than the  rule.

The metabolism  and hydrolysis o f  O P  pesticides 
in m am m als  result in the  excretion  in urine o f  a 
variety o f  alkyl p h o sp h a te s .181182 Shafik et a l 182 fed 
para th ion  to rats at 1/10 the L D 50 for this species 
and recovered  bo th  0 ,0 - d ie th y l  phosp h a te  (D E P )  
and O.O-die thyl th iophospha te  (D E T P )  in the 
urine. T he  total D E P  and D E T P  ex cre ted  in the 
urine acc ou n ted  for 30-40% o f  the para th ion  ini
tially fed. T heir  results suggested tha t  the DEP 
arose from the  action  o f  hydrolytic enzym e(s )  on  
paraoxon, a m e tabolite  o f  para th ion . Excretion  o f  
these m etabolites  rem ained  relatively cons tan t  d u r 
ing exposure  and  d ro p pe d  rapidly to zero upon  
cessation o f  feeding. Blood and  urine alkyl 
phosphate  (ie , phosphates ,  th iophospha tes ,  and  
d ith iophospha tes)  de te rm ina t ions  are  presently  u n 
dergoing additional research  and evaluation; they 
show grea t  promise for the fu ture  as diagnostic  
procedures .

E lec trom yography  ( E M G ) li7,,i8 has been used to 
m easure the  effects o f  mixed pestic ide exposure  
(o rganoch lo rine  and o rg an o ph o sp ho ru s  pesticides) 
on the neu ro m u scu la r  system. No studies showing 
altered  e lec t rom yograph ic  response in w orkers  e x 
posed to para th ion  a lone have been  published.

N either the  alkyl p h ospha te  m etabo lite  m e thod  
nor the E M G  techn ique  is cu rren tly  accep tab le  
since the test results c an n o t  be satisfactorily q u a n 
titatively re la ted  to e i the r  the  ex ten t  o f  exposure  
or the hazard  to the w orker.

Thus, because  RBC C h E  activity levels prov ide  
an acc ep tab le  m eans o f  corre la ting  the ex ten t  o f  
exposure with the im m edia te  effect, and  because
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these levels are re levant to m ix tures  o f  ChE-in- 
hibiting pesticides and allow for p ractica l  sampling 
frequencies, routine  biologic m onito ring  o f  the  
RBC C hE  and monitoring  o f  bo th  RBC and  
plasma C h E ’s in em ergency  exposure  s ituations a re  
reco m m en d ed  for the p revention  o f  adverse  hea lth  
consequences  in para th ion-exposed  workers.

T h ere  are daily variations, bo th  in the p lasm a 
and RBC C h E  activities o f  norm al,  healthy  persons 
who are unexposed  to ChE-inhibiting  O P  pes t i 
cides, including p a ra th io n .181'1’ 1 ^ ,172 Fryer et a l172 
determ ined  the p robab le  daily variations o f  p lasm a 
and RBC C h E  activities for a norm al,  healthy in 
dividual using a m icrom odifica tion  o f  the M ichel 
method. In this study o f  17 vo lun teers  from a 
university s taff with no  know n exposu re  to  O P  in 
secticides, the norm al daily variation from the  
group m ean in both plasm a and RB C  C h E ’s was 
determ ined . Five consecu tive  daily samples w ere  
taken  from each volunteer excep t  one; in tha t  
case, there was a one-day  gap in the  series. For 
RBC ChE activity, the range was ¿2 3 %  from the 
group mean; for plasma, the range w as± 37% . T he  
day-to-day variation within individuals for RBC 
and plasm a C hE  activities was ± 5%  and + 9 % , 
respectively, for the g roup  as a whole. Individual 
maximal variations w e r e +13% a n d ± 2 3 %  for RBC 
and p lasma ChE activities, respectively. T he  
au th o rs172 did not indicate race , age, or sex d if
ferences in the vo lunteer  group. It m ust be no ted , 
however, tha t  any extrapo la tion  o f  these da ta  to a 
larger group must consider the possible changes in 
variation tha t  may o ccu r  because  o f  these factors. 
Rider et a l 145 have shown tha t the p lasma C hE  
levels are higher in men than in w om en  and  in 
crease slightly with age. In men, the increase was 
0.002 ±  0.001 A pH /hour/year o f  age and  twice tha t  
in women. T he au thors  did not Find significant d if
ferences in RBC C hE  with age o r  sex. O n the  
o ther  hand , Vorhaus and K ark 14,i cou ld  not find a 
difference in p lasma enzym e activity tha t  could  be 
corre la ted  with age, sex, weight, o r  height. They  
did no t  evaluate  differences in RBC ChE.

Reinhold e t  a l 13H also found plasm a C hE  activity 
higher in men  than in women. They no ted  also dif
ferences betw een  blacks and whites in both  m en 
and wom en. The group mean o f  0 .926  for the  
serum C hE  activity o f  white men was significantly 
higher than  the observed  group m eans  o f  0 .814  
and 0.768 for black m en and w om en , respectively. 
In this study, 130 white men, 46 black men, 70  
white w om en, and 28 black w om en  were c o m 
pared.

In addition to changes  in blood C h E  activities 
due to sex, race, and age, serum  C h E  activities

have been r e p o r t e d 72'74 to be depressed  in persons  
afflicted with liver disease, anem ia ,  acu te  infec
tious and ch ron ic  debili ta ting  d iseases, and  m a l
nutrition. Drugs such as caffeine and re la ted  
xanthine c o m p o u n d s ,183 ch loroqu ine  and  o th e r  an- 
timalarial drugs,™ c h lo ro fo rm ,184 e th e r ,184 narco tic  
analgesics such as m o rph ine  and  c o d e in e ,77 and  
th iam in e185 have been  shown to d ep re ss  the  activi
ty o f  serum ChE. A few drugs have been  rep o r ted  
to depress  RB C C hE  activity, inc luding q u in in e ,7H 
o ther  antim alaria l  d ru g s ,7*’ and e c h o th io p h a te .1W1

Fryer et a l ,7;! analyzed the day-to-day variations 
in the C h E ’s of the b lood o f  17 unexposed  su b 
jects  during 5 days and con c lud ed  tha t 95% o f  
normal peop le  would have day-to-day variations o f  
no t  m ore  than  0.171 A pH /hr in RBC C h E  and n o t  
more than 0.351 A pH /hr in p lasm a C hE . Applying 
these cri teria  to a g roup  o f  89 agricu ltura l  w orkers  
who had no t  knowingly been  exposed to O P  c o m 
pounds for a t  least th ree  m onths,  they found, with 
95% confidence ,  tha t  the re  were 3 t rue  positive r e 
ports, 12 false positive reports ,  and  no  false n e g a 
tive reports  o f  d ec reased  RBC C hE , and one false 
negative repo r t  and no positive re p o r t  o f  dec rea se  
p lasm a ChE . T he au tho rs  po in ted  ou t  tha t  a 
knowledge o f  p reexposure  ChE  activities is n e c e s 
sary for any degree o f  accuracy  in de term in ing  
w hether a particular ind iv idual’s C h E ’s have been 
altered, but that  the ir  to le rance  limits may be use 
ful in in terpre ting  m e asurem en ts  o f  C h E  activities 
in blood samples subm itted  at random  from  the 
field.

The two popu la t ions  differed som ew hat  in m ean  
age: 30 years for the  unexposed  g roup  and 38 
years for the g roup o f  agricultural  workers .  Fryer 
et al did not give any fu rther  identif ication o f  the 
test popula t ions  by sex o r  race o r  give any ind ica 
tion of o th e r  possible exposures  tha t  might have 
affected b lood C hE  levels excep t  tha t  they ruled 
out recen t  known exposure  to O P  insecticides.

The  most striking, and  perhaps  the most signifi
cant, d ifference be tw een  the handling o f  the b lood 
samples from  the two groups was tha t  those from 
the agricultural w orkers  were not re fr igera ted  for 
abou t 6 hours  after the ir  collection an d  during tha t  
time were subjec ted  to some agitation. The  finding 
that the unexposed  individuals had a higher m ean  
RCB C hE  activity and  a lower m ean  p lasm a C hE  
activity than  the agricultural  w orkers  could  m ean  
that the ir  b lood samples  unde rw en t  slight h em o ly 
sis during t ranspo r t  to the  laboratory . Such an e f 
fect could  con tr ibu te  to the false negative repo r ts  
o f  decreased  RBC C hE  but  would no t  increase the  
C hE  activity o f  the p lasm a sufficiently to explain 
the excess activity the re  in the g roup  o f  ag ricu l

47



tural workers. Some o th er  fac to r  seem s to be in 
volved, the refo re ,  in genera ting  the  d ifferences 
between the two groups.

Even though  the effect o f  these l im itations c a n 
not be assessed, the estim ates by F ryer  et a l 172 o f  
normal daily variations in p lasm a (9 % ) and RBC 
(5% ) C hE  activities am ong  individuals are  in a p 
proximate ag reem en t  with those d e te rm in ed  by 
Callaway et a l IS5 and W etstone and L a M o t ta .1’4 
Callaway et a l1:l5 found tha t the daily variations in 
the plasm a and RBC C hE  activities o f  norm al,  
healthv men were 8.5% and  6.6%, respectively. 
W etstone and  L a M o t ta 151 reported  that the overall 
intra-individual variation in serum C h E  activity for 
82 subjects tested 373 t imes during a 1- to 250- 
week interval was 8.4%. In 1975, Sidell and 
Kam inskis187 reported  on the tem pora l  variability 
o f  hum an ChE. Tw enty-tw o subjects  were s tudied  
during a 1-year period. T he coefficients o f  va r ia 
tion for plasm a ChE  activity were rep o r ted  to be 
about 6% for both males and  females. In a g re e 
m ent with previous investigators, the au tho rs  
found that the activity of the RBC C h E  was m ore  
constan t,  the  average coefficient o f  variation was 
2.1% for males and 3.1% for females.

Based on the afo rem en t ioned  experim en ta l  
evidence, depressions in p lasma and  RBC C hE  a c 
tivities less than  369; and  22%, respectively, from 
mean norm al values can be due  to norm al daily 
variations. A n o th e r  im portan t  cons idera tion  in 
selecting a particular p e rcen tage  level o f  b lood 
ChE depression for both  w orker  p ro lec tion  and  
compliance purposes is the co rre la t ion  betw een  
blood C hE  activity depression and the  a p p ea ran ce  
of signs and symptom s of para th ion  poisoning. T he  
level o f depression to be to le ra ted  must be such 
that it will dem ons tra te  that  an exposure  to  
parath ion has occu rred  before the w orker  actually 
becom es ill and allows im m ediate  steps to be 
taken to co rrec t  the situation leading to the ex p o 
sure. It is im portan t also that the w orker  not be 
rem oved from his job unnecessarily , so tha t  a 
warning level o f  RBC C hE  depression  and an a c 
tion level, at which the w orker  m ust be rem oved  
from potential  exposure , seem desirable.

In general ,  the l iterature in d ic a te s11-18"""1'’’' 
:i7,:w,5-j.7!» normally only at depressions o f
plasma and RBC C hE  activities considerably  
greater than  30% do signs and symptom s o f  
systemic para th ion  poisoning a p p e a r  in individuals. 
Certa in  degrees  of depression o f  b lood C hE  activ i
ties are no t accom pan ied  by a significant 
prevalence o f  local or systemic effects.

In the study by Brown and B ush ,79 exposure to 
para th ion  o f  5 o f  12 workers in a m a n u fa c tu r 

ing/formulating p lant  resu lted  in average d e p re s 
sions o f p lasm a o f  34% and  RBC C hE  activities o f  
61%, w ithout  the ap p e a ra n c e  o f  signs and  sym p
toms o f  poisoning.

Rider et a l 14 observed  depress ions  in p lasm a 
ChE-. o f 50%, 52%, and  54% in 3 subjects  receiving 
daily oral doses o f  7.5 mg para th ion  for ap p ro x i
mately 30 days w ithout signs and sym ptom s o f  
poisoning. In these sam e individuals, the lowest 
RBC ChE  activity levels observed  during  the study 
were 63%, 78%, and 86%: of p re tes t  levels (ie, 
depressions o f  14-37%).

In 4 fem ale vo lunteers  rece iv ing 7.2 mg 
para th ion /day  orally, the plasm a and RBC C h E  a c 
tivities dec l ined  to 84% and 63%, respectively, o f  
control activity a fter  6 weeks o f  exposure . '15 
Neither signs nor sym ptom s o f  poisoning  o ccu rred  
in these subjects.

Hartwell and  associa tes '17 observed  no signs o r  
sym ptom s o f  poisoning in a vo lun tee r  exposed for 
30-minute periods  on  eac h  o f  4 consecu tive  days 
to vapors o f  heated  p ara th ion  when the RBC and  
plasma ChEi activities were dep ressed  30% and  
53%, respectively. H owever,  signs o f  p a ra th ion  
poisoning ap p ea red  in the  subject 10 m inutes  a f te r  
the para th ion  was m istakenly  hea ted  to 150 F; a 
subsequent d e te rm in a t io n  o f  blood C hE  activity 
levels indica ted  that RBC and  p lasm a C hE  w ere  
depressed  98% and 83%. respectively.

Plasma and  RBC C hE  activity levels w ere  
depressed  98.6% and  93.3% respectively, from 
normal, iri a 15-year-old girl suffering from 
parath ion po ison ing .52 Prior to b lood C hE  activity 
de te rm ina tions ,  she exhib ited  the following signs o f  
parath ion poisoning: shallow and irregu lar resp ira 
tion, constr ic ted  pupils, low systolic blood p re s 
sure, inspiratory rales in all lung fields, muscle 
lasciculations in the limbs, and b ro n ch op h ary n g ea l  
secretions, am ong  others.

G rob  et a l 18 s tudied the  effects o f  para th ion  on  
40 men and wom en who had been  exposed  to the 
com pound  on one or m ore  days during  the m on th  
preced ing  the  a p p ea ran ce  o f  symptom s. Only 5 o f  
the 40 (12 .5% ) po isoned  individuals exper ienced  
any “ w arn ing” sym ptom s, including in te rm itten t  
nausea, vomiting, giddiness, w eakness ,  drowsiness, 
and twitching o f  the eyelids, p rior to  the day on  
which severe signs and  sym ptom s appeared .  T he  
average period  o f  exposure  was 8 hours/day  for 1 2 
days. Six m en died, 2 men and 2 w om en  ex 
perienced  severe bu t no t  fatal sym ptom s, and  24 
men and 6 wom en had mild to m o d era te  sym p
toms. Four patients  who survived despite  severe 
symptom s and  2 who died  had p lasm a and  RBC 
C hE  depressions (c o m p a re d  to norm al values) o f



95% or g rea te r  and 78-89% (average  86% ), 
respectively. These values averaged 90% and  78%, 
respectively, in 6 o th e r  subjects  with sym ptom s o f  
m odera te  degree.

Hartwell and H ayes:i8 reported  the  case o f  a 
pilot who becam e ill with mild poisoning  after  a p 
plying both  dust and liquid forms o f  para th ion  in 
termittently  for severals days; his RBC and p lasm a 
ChE activities were depressed  48% and  44%> from 
normal, respectively, m easured  on the day o f  onse t  
o f  illness. RBC and p lasm a C h E  activities were 
depressed 34% and 28%, respectively, in a second  
pilot engaged  in c rop-dusting who com pla ined  o f  
excessive sweating and a mildly upse t s tom ach.

In a group o f  4 w orkers  exposed  to para th ion  
residues during apple thinning, in w hom  signs an d  
symptoms o f  para th ion  poisoning o c c u rre d ,  RBC 
and plasma ChE  activity depressions ranged from 
61-66% and  71-83%, respec t ive ly .11 The enzyme 
activities w ere  m easured  by the  M ichel m e thod  2 
days following the onse t  o f  sym ptom s (p e rc e n t  
depressions were ca lcu la ted  using the m ean  values 
for the Michel m e thod  d e te rm ined  by R ider e t  
a l ) .145 Nausea, vomiting, sweating, w eakness ,  sh o r t 
ness o f  b rea th ,  h ead ach e ,  giddiness, and  twitching 
o f  the eyelids were seen in these workers.

Im portan t  conclusions can be evolved from the  
preced ing  discussion: ( 1) there may be day-to-day 
variations in both  the RBC and  plasm a C h E ’s o f  
normal, healthy individuals ,58 135154-172 and (2 )  signs 
and sym ptom s o f  ch ron ic  systemic para th ion  
poisoning usually do  no t  a p p ea r  in hum ans  until 
these enzym e activities are dep ressed  by ab o u t  
50% below norm al levels .n ’18-34’35, ■17-38-52'79 Even 
greater depressions o f  the  C h E ’s o f  the  b lood may 
be incurred  without the ap p e a ra n c e  o f  signs o r  
symptom s o f  poisoning by parath ion.

In many cases, individual w orker  p reexposure  
blood C hE  activity values will no t  be available, 
thereby necessitating  the use o f  m ean  values d e t e r 
mined for norm al populations.  Because o f  the fact  
tha t  both  the  individual p reexposure  and  g roup  
mean activity levels will be used as the situation  
warrants, it would be arb itrary  to set an allowable 
level o f  b lood C hE  depression  based solely on the 
variation calcu la ted  for 95% o f  the popu la t ion  a t  a 
95% confidence level, namely, approx im ate ly  22% 
and 36% for RBC and  plasm a C hE , respectively. 
T herefore , in the case o f  RBC C hE , a depression  
exceeding 30% o f  the w o rk e r ’s baseline value will 
be considered  as indicating excessive exposure  to 
parathion. Only the RBC C hE  is re c o m m e n d e d  for 
routine m onitoring  for the following reasons. 
Although the results o f  s tud ies18,34,81,103 involving 
animals and  hum an volunteers have shown tha t

p lasma C hE  is inhibited m ore  p rom ptly  and  to a 
greater ex ten t  than the RBC enzyme in individuals 
initially exposed  to para th ion . T h e  ra te  o f  re tu rn  
o f  inhibited p lasma C h E  exceeds tha t  o f  the RBC 
enzyme so tha t,  during a period  o f  consis ten t  bu t  
m odera te  exposure ,  the C hE  activity o f  p lasm a 
may actually  be g rea te r  than  tha t  o f  the  R B C ’s. 18 
Grob  et a l ,18 in the ir  study of 18 w orkers  po isoned  
by para th ion  found tha t  p lasma C h E  increased at 
an average ra te  o f  approxim ately  9% of norm al a c 
tivity during  each  o f  the first 3 days following t e r 
mination o f  exposure ,  while the  RBC C hE  activity 
increased a t  an average daily rate  o f  approxim ately  
3%. However, averaged  over the en t ire  period o f  
recovery, the  rates o f  re turn  app ro x im a ted  1 - 
2%/day and  3-4%/day for RBC and p lasm a C h E ’s, 
respectively. Thus, u n de r  cer ta in  exposu re  s itua
tions, the p lasm a C h E  activity could  re tu rn  to n o r 
mal while the RBC C hE  activity rem ained  
depressed. For this reason , it is m o re  likely tha t  
excessive absorp tion  o f  para th ion  resulting from 
relatively low-level rep ea ted  exposure  can  be d e 
tected  by routinely m onito ring  for RBC C hE  a c 
tivity. In addition , the p lasm a enzym e is subject to 
grea te r  norm al daily variation than  the  RBC C hE , 
approxim ate ly  9% versus 5%, respec t ive ly .172 
Previously, we have po in ted  ou t  th a t  the  p lasm a 
ChE can be lowered in individuals with liver d is 
ease, anem ia ,  debil i ta ting  disease, o r  m alnu trit ion; 
drugs such as qu in in e ,711 m orphine, an d  c o d e in e 77 
also depress  the p lasm a C hE  activity. Thus, m o n i
toring plasm a ChE activity increases the  l ikelihood 
o f  false positive results. O n the o th e r  hand , the  
RBC C hE  has no t been  shown to be affected  by 
such diseases; a depress ion  in the RB C C hE  act iv i
ty exceeding  norm al variation in para th ion-ex-  
posed w orkers  is a lm ost certain ly  du e  to the e f 
fects o f  the insecticide. A similar reduc t ion  in the  
activity o f  the  plasm a enzym e is considerab ly  less 
certain  to be clue to exposure  to pa ra th ion .  T h e r e 
fore, routine  m onitoring  o f  RBC C h E  will provide  
a be t te r  es t im ate  o f  exposure  to para th ion .  H o w 
ever, an RBC C hE  m onito ring  p ro g ram  based on a 
preset sampling frequency  should be effective in 
detecting the  slow deve lop m en t  o f  systemic 
parath ion poisoning due  to progressive inhibition 
o f  the activity of A C hE  at various sites th rou g h o u t  
the body; it is in tended  to warn o f  excessive 
parath ion absorp tion  in a situation  involving long
term, low-level exposure . R outine  RBC C hE  m o n i 
toring will not, in all l ikelihood, p rov ide  a w arning 
o f  impending  poisoning from massive exposures,  
resulting in p recip itous declines in bo th  the b lood 
and tissue C h E ’s, such as in the case o f  inhalation 
exposure to high co n cen tra t ions  o f  para th ion  dust



or aerosol o r  derm al exposure  to spills, sprays, or 
splashes o f  c o n cen tra ted  m aterial  on the skin o r  
clothing. Also, since relatively nonsevere  signs and  
symptoms of cholinergic stim ulation  can o c c u r  as 
the result o f  localized effects o f  p a ra th ion  ex p o 
sure, a biologic m onito ring  p rogram  based on the 
activity levels o f  the b lood C h E ’s may not  p reven t  
o r  warn of the developm ent o f  such signs and  
symptom s under  certa in  exposure conditions. Fo r  
example, miosis and b lurred  vision can  result from 
d irect  exposure o f  the eyes to pa ra th ion ,  local 
fasciculations can o ccu r  in the im m edia te  a rea  o f  
absorption o f  para th ion  from the surface o f  the 
skin, and bronchial  secre tions  can  result from 
respiratory exposure , all in the absence  o f  signifi
cant effects on the blood C h E ’s. G o o d  work p ra c 
tices and  the  use o f  personal p ro tec tive  clo th ing 
and equ ipm ent will best serve to p ro te c t  w orkers  
from such effects, particularly  those resulting from  
accidental  spills, sprays, o r  splashes. Also, since 
the plasma C h E  is inhibited m ore  readily than  the  
RBC C h E 1" 34,87,103 under  acu te  exposure  c o n d i
tions, the plasma C hE  activity may decline 
precipitously in massive exposure  situations while 
the RBC enzym e at first is relatively uninhibited. 
T herefore , in cases o f  known o r  suspec ted  
para th ion  overexposure  (ie, exposure  to  e i ther  a i r 
borne concen tra t ions  exceeding the env ironm en ta l  
limit or to spills o r splashes, e tc ) ,  bo th  the  RBC 
and plasma C hE  activities should be de term ined .

Kay et a l5K dem ons tra ted  tha t  w orkers  engaged  
interm ittently  in the g round  spraying o f  pa ra th ion  
experienced  significant seasonal dec l ines  in b lood 
C hE  activities. They  found no significant d if 
ference in the RBC C hE  activity levels be tw een  
sprayers reporting  sym ptom s o f  para th ion  
overexposure  and those apparen tly  sym ptom -free . 
However, the  p lasm a C hE  activity was 20% lower 
in the g roup  with symptom s o f  para th ion  
overexposure  than in those no t  com pla in ing  o f  
symptoms. T he  sprayers were exposed  for a few 
days during  each 10-day interval o v e r  a 2 -m onth  
period. A irborne  para th ion  co n cen t ra t io n s  c o l 
lected in the  o p e ra to r s ’ b reath ing  zone ranged  
from 2.0 to 15.0 m g /m 3. Ery throcyte  and  p lasm a 
ChE activities were d e te rm ined  b o th  during an d  
subsequent to  spraying in o rder  to establish norm al 
activity levels. These results o f  in te rm it ten t  ex p o 
sure d em ons tra te  the hazard  involved in a c o n t in u 
ous exposure  to a irbo rne  c o n cen tra t io n s  o f  
parath ion in the range o f  2.0 to 15.0 m g /m 3. C o n 
com itan t derm al exposure , which is significant in 
the application o f  pa ra th io n ,46 co m p o u n d s  the 
hazard.

The only reported  study o f  para th ion  exposure

in industry in which bo th  air sam ples  indicating  
significant exposure  and RBC and  p lasm a C hE  
monitoring showing biologic response  w ere  o b 
tained is the  often-ci ted  work o f  Brown and 
Bush.79 T h ir teen  w orkers  in a p lant  m anufac tu r ing  
concen tra ted  para th ion  and dusts  o f  varying c o n 
cen tra t ion  w ere  studied. Twelve o f  the  13 w orkers  
were exposed  to a irbo rne  c o n cen tra t io n s  o f  
para th ion  ranging from  0.1 to 0.8 m g /m 3 (0.1 
m g/m 3 being the lower limit o f  de tec tab il i ty )  as 
de te rm ined  using s in te red  glass absorbers ,  m idget 
impingers, and  G reenburg -Sm ith  impingers. Six 
general location  and  6 w orker  b rea th ing  zone air 
samples w ere  collected. T h e  average a i rbo rne  
para th ion  c o n cen tra t io n  for 8 sam pling  sites was 
0.2-0.3 mg/nv1. Because o f  ro ta tion  o f  p lant  p e r 
sonnel, the  w orkers  w ere  only in term itten tly  in 
con tac t  with p a ra th io n -co n tam in a ted  air. Both 
plasm a and  RBC C hE  activity levels were d e t e r 
mined during  a 10-month period; how ever,  p re e x 
posure con tro l  values had been  ob ta in ed  for only 6 
o f  the 12 pa ra th ion -exposed  workers. A m axim um  
o f  3 b lood samples was co llec ted  during  a 5 -m on th  
exposure period;  con tro l  values for the  o th e r  e x 
posed w orkers  were de te rm in ed  from  b lood s a m 
ples co llec ted  5 m on ths  after  the end  o f  exposure .  
Five o f  the 6 w orkers  with p reexposure  C hE  a c 
tivities exper ienced  the  following depress ion  o f  
p lasma and RBC C h E  activities, respectively: 22% 
and 73%, 7% and 42%., 46% and 63%, 52% an d  
60%, 41% an d  66%. T he  reductions  in p lasm a an d  
RBC C hE  activities averaged  34% and 61%, 
respectively. An eng inee r  in the p lant,  the sixth 
worker for w hom  baseline b lood C h E  values w ere  
available, exper ienced  no significant decline in 
blood C hE  activities. Several o th e r  w orkers  for 
whom no p reexposure  C h E  activities had been  o b 
tained ap p ea r  to have exhib ited  significant d e p re s 
sions in b lood  C h E  activities. T h e  results o f  this 
study indicate  tha t  co n tinuous  exposu re  to a i r 
borne  p a ra th ion  in a co n cen tra t io n  range o f  0 .1- 
0.8 m g /m 3 may pose a hazard  to the  hea l th  o f  w o r
kers. H owever,  the d a ta  do  no t  provide firm 
evidence o f  w hat a i rbo rne  c o n c e n t ra t io n  o f  
para th ion , if any, in this range consti tu tes  a safe 
exposure. T h e  results ob ta ined  by Brown and  
Bush79 can be used only to indicate  a suspec ted  
unsafe con tinuous  exposure  level to a irbo rne  
para th ion , nam ely , the average value ob ta in ed  for 
the 8 sam pling sites, o r  approx im ate ly  0.25 m g /m 3.

In the absence  o f  additiona l published d a ta  
similar to th a t  o f  Brown an d  Bush79 upon  which an  
env ironm enta l  s tandard  for p a ra th ion  can  be 
directly based , an ind irec t  es t im ate  based on  e x 
t rapo la t ion  from  a d em o n s t ra te d  safe daily oral



dose in hum ans  must be made.
Rider et a l 14 adm inistered  para th ion  to hum an  

volunteers a t  dosages o f  3.0, 4.5, 6.0, and 7.5 
mg/day. Each phase o f  the study was co n d u c te d  
on groups o f  7 subjects , 5 o f  w hom  served as test 
subjects and 2 as controls . T he  study was d ivided 
into three periods: ( 1 ) a pretest  period  o f  a p p ro x i 
mately 30 days during which no rm al plasm a and 
RBC ChE activities were de te rm ined ;  (2 )  an a p 
proximately 30-day test period  during  which 
parath ion was taken orally by the subjects; and (3 )  
a post-test period. Plasm a and RBC C h E  activities 
were m easured  twice each  week th rou g h o u t  each  
phase. N one o f  the subjects receiv ing the two 
lowest daily dosages, 3.0 and 4.5 mg, exhibited  sig
nificant depressions in either plasm a or RBC ChE  
activities. T he  investigators repo r ted  a slight bu t  
unspecified depression  in p lasma C h E  activity in 
the group receiving 6 .0  mg/day. Significant d e p re s 
sions in b lood C hE  activities o ccu rred  in the g roup  
receiving 7.5 mg parath ion /day . Sixteen days after  
the start o f  dosing the p lasma C hE  activities o f  2 
o f  the 5 subjects were 50% and 52% o f  pre tes t  
levels, at which time administration  o f  para th ion  to 
them was discontinued. On day 23, a third  subject 
had a plasm a C hE  activity equal to 54% o f  his 
pretest level and parath ion  exposure  w'as t e r 
minated. Subjects 4 and  5 com ple ted  a 35-day 
dosing period  during which time plasm a C hE  a c 
tivities of 78% and 86% o f  norm al w ere  the  lowest 
observed. In the 3 subjects in w hom  the adm in is
tration o f  para th ion  was d iscontinued  because  o f  
significant p lasm a ChE  depressions,  the lowest 
RBC C hE  activities observed  were 63%, 78%, and  
86% o f  the pretest  values. No significant reduction  
in the RBC ChE  activity occurred  in the rem aining 
2 subjects. No signs o r  symptom s o f  para th ion  
poisoning were reported . The results o f  this exper i 
m ent d em o n s tra ted  tha t  the daily oral ingestion o f
7.5 mg o f  parath ion by hum ans  resulted  in a 
progressive and  substantial depress ion  in the  a c 
tivity o f  the blood C h E ’s, particularly  the p lasm a 
enzyme, and  thus cons ti tu ted  an unsafe oral ex p o 
sure. In addition, the oral  ingestion o f  4.5 mg o f  
p a ra th ion /day  was shown to be a safe dose for 
man, exerting  ne i ther  progressive depression  o f  
b lood C hE  activities no r  clinical signs o f  illness in 
the subjects. Insufficient inform ation  was p rovided  
by the au tho rs  to de te rm ine  the results o f  oral in 
take o f  6 .0  mg parath ion /day .

In a similar m anner ,  E dson :iS d e te rm in ed  the e f 
fects o f  p rolonged adm in istra tion  o f  small daily 
doses o f  para th ion  in man. H um an  vo lun teers  w ere  
given para th ion  5 days/week, for 25- to  70-day 
periods, at various dose levels. W hole  blood, RBC,

and p lasm a C hE  activities were m easured  a t  vari
ous times. Daily ingestion o f  0 .6, 1.2, 2.4, and  4.8 
mg para th ion  by hu m an  vo lunteers  resu lted  in no  
significant effects  on w hole b lood C hE  activity. 
However, in 4 w om en receiving 7.2 mg p ara th ion  
daily, 5 days/w eek, w hole blood C hE  activity 
declined to 67% o f  con tro l  activity a fter  6 weeks. 
At this t ime, RBC and p lasm a C hE  activities w ere  
84% and 63% o f  contro l  levels, respectively. 
Within 28 days o f  withdrawal o f  pa ra th ion ,  whole 
blood C hE  was resto red  to approx im ate ly  87% o f  
control activity. Thus, the  daily oral  intake o f  4.8 
mg o f  para th ion  was shown to be safe for hum ans  
based on response o f  the  b lood C hE  activity. T he  
maximum daily no-effec t  level was estim ated  by 
the au thors  to be 0.05 mg/kg.

Rider et a l !<i adm inistered  pa ra th ion ,  in capsules, 
to hum an vo lunteers  in daily doses o f  0 .003 ,  
0 .010, 0 .025 , and 0 .050  mg/kg. T h e  study c o n 
sisted o f  four  successive 3-week t r e a tm e n t  periods 
within a 12-week span during  which 8 o f  10 su b 
jects  were given the 4 doses o f  para th ion . Baseline 
b lood C hE  activities w ere  m easured  during  a 3- 
week p re t re a tm e n t  period;  weekly m easurem en ts  
were m ade during  the periods o f  daily dosing. No 
significant depressions in e i ther p lasm a o r  RBC 
C hE  activities resulted  from  any o f  the  4 dosages 
o f  para th ion . No adverse  effects w ere  observed  in 
any of the volunteers.

Thus, the results o f  s tudies c o n d u c te d  by R ider 
et al:l4,;tB and E dson :!r’ dem ons tra te  tha t  para th ion  
can be ingested by hum ans  in a daily dose o f  0.05 
mg/kg w ithout  signs o r  sym ptom s o f  para th ion  
poisoning an d  significant inhibitory effect on  the 
blood C hE  activities.

As a first step in calcu la ting  a no-effec t  (based  
on b lood C h E  activity response)  resp ira tory  dose 
from a safe oral dose , the  assum ption  m ust be 
m ade tha t all para th ion  inhaled, part icu la te  as well 
as vapor, is re ta ined  in the  resp ira tory  system and  
subsequently  absorbed . A lthough such an a ssu m p 
tion is no t  suppor ted  by the a c c um u la ted  scientific 
evidence, it is necessary in o rd e r  to a c c o u n t  for all 
possible exposure  situations. Also, ca lcu la t ions  o f  
the environm enta l  limit based on 100% re ten t ion  
and absorp tion  o f  inhaled  para th ion ,  in vapor and  
particula te  form , p rov ide  the  g rea tes t  possible 
margin o f  safety for em ployees  exposed  to this e x 
tremely toxic insecticide. An app rox im ation  o f  the  
ratio o f  resp ira tory  toxicity to  o ra l  toxicity o f  
para th ion  in hum ans is essential to  the  d e te rm in a 
tion o f  a safe resp ira tory  dose. As discussed p rev i
ously, the hum an  resp ira tory  p a ra th io n  exposure  
study o f  Hartwell et al:17 can n o t  be used in d e t e r 
mining this ra tio  because  the  am oun ts  o f  p a ra th ion
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inhaled by the  subjects  were not d e te rm in e d  by air 
sampling p ro cedu res  but ra the r  by ex trapo la t ion  
from the am o u n t  o f  P N P  excre ted  in the  urine. 
The results o f  o th e r  s tu d ie s105 108 in which both  a i r 
borne para th ion  co n cen tra t ions  and  b lood  C h E  a c 
tivities were m easured  are also ina de qu a te  for 
de term in ing  this ratio. Thus, to d e te rm in e  the 
respiratory-to-oral toxicity ratio  for para th ion  in 
man, an ex trapo la t ion  m ust be m ade  from e x p e r i 
mental animal data . The LC t50  (2 0 -m inu te  e x p o 
sure) in m ice  was found to be a b o u t  3 ,800 mg 
m in /m 3, accord ing  to a written co m m u n ica tio n  
from BP M cN am a ra  in O c to b e r  1973. Using a 
ventilation rate  o f  0 .023 liter/min an d  an average 
weight per  mouse o f  19.8 g ,188 this co r responds  to 
an LD50 (inha la t ion)  o f  4.4 mg/kg. T he oral  
LD50 o f  para th ion  in mice has been  repo r ted  in 
the range of 18.5-20.0 m g /kg .189“191 Thus, the  ratio  
o f  respiratory to oral lethality o f  para th ion  in mice 
was abou t  0.23 to 1, or, in o th e r  words, para th ion  
in these studies, unde r  the existing experim ental  
conditions, was approxim ately  4-5 times m ore  
lethal by inhalation than by ingestion.

As s ta ted  previously in C h a p te r  III, it is no t 
scientifically sound to ex trapo la te  from  minimal in 
halation d a ta  in mice to a safe inhala tion  exposure  
concen tra t ion  (ie, environm enta l  limit) in man. 
Accordingly, the Toxicology Division, E dgew ood 
Arsenal, Md, unde rtook  studies o f  the  inhalation 
and oral toxicities o f  para th ion  for rats and dogs. 
A thorough discussion o f  the  study an d  results a re  
p resen ted  in C hap te r  III and  A ppendix  XV.

G roups  o f  34 rats were exposed  for 4 hours  to  
para th ion  in aerosol form  at 13 con cen tra t io n s  
ranging from 0.04 m g /n r1 to 35.0 m g /n r1. T he  RBC 
C hE 50  and plasm a C h E 5 0  values, with 95% c o n 
fidence limits, were calcu la ted  to be 5.43 m g /m 3 
(range 4 .2 -7 .03)  and  7.28 m g /m 3 (range  5.24- 
10.12), respectively. T he RBC and  p lasm a C h E 5 0  
values for adult  male rats exposed  acutely  by the 
oral route were 2.58 mg/kg ( range 2 .12-3 .14)  and  
2.55 mg/kg (range 2 .12-3 .05) ,  respectively. T h e  
approxim ate  average weight o f  the rats used in 
these experim ents  was 250 g. For white  rats o f  this 
weight, the average ventilation ra te  has been  r e 
ported  to  be abou t 0 .10 l/min. Thus, based on  in 
halation and  oral RBC C h E 5 0  values for the  rat, 
para th ion  appears  to be approxim ately  5 tim es 
more effective by the inhalation ro u te  than  by in 
gestion in adult male rats. T he  co rrespond ing  
value for p lasm a C hE  was found to be ap p ro x i
mately 3.6.

Because o f  the  p ro n ou n ced  effects  observed  on  
blood C h E 's  at the  a i rborne c o n cen tra t io n s  o f  
para th ion  used, acu te  (ie, 4 -hour  exposures)  in 

halation C h E 5 0  values for R B C ’s and  p lasm a were 
not ob ta ined  for dogs. H owever,  in the  acu te  oral  
studies, g roups  o f  4 dogs were exposed  to 7 dose  
levels o f  para th ion  ranging from 0.5 to 10.0 
mg/kg. T he  RBC C h E 5 0  was d e te rm in ed  to be 
1.50 mg/kg ( range 1 .06-2.12) while the p lasm a 
C h E 5 0  was found  to be 1.67 mg/kg ( range 0.94- 
2.96). T he  RBC and  p lasm a C h E 5 0  values for 
adult male beagle dogs d o  no t  a p p ea r  to be signifi
cantly d iffe ren t  from the co rrespond ing  values for 
male rats. Likewise, the  oral L D 50 fo r  dogs d e te r 
mined in these  experim en ts ,  8.27 mg/kg, is no t  
greatly d ifferen t from the oral L D 5 0  o f  6;85 mg/kg 
d e term ined  for rats. T he  d a ta  s trongly suggest tha t  
para th ion  is approx im ate ly  equitoxic to bo th  s p e 
cies. Thus, because  o f  the close a g reem en t  
between the results ob ta ined  from  the  acu te  oral 
studies in male rats and male dogs, particularly  the 
ChE 50  de term ina tions ,  the assum ption  is m ade , as 
a first approx im ation , tha t  para th ion  is ab o u t  4 to 
5 times m ore  effective by inhala tion  than  by in 
gestion in inhibiting RBC and plasm a C hE  o f  dogs. 
Some confirm ation  for this a ssum ption  is found  in 
Tables XVI-5 and  X V I - 15. If a cu rve  is d raw n  
through the inhibition o f  RBC C hE  p ro d uc ed  by 
exposure to the 5 con cen tra t io n s  s ta ted  in Tab le  
XVI-5, it is seen  tha t the  64% inhibition caused  by 
an oral dose o f  2.5 mg/kg (T ab le  X V I -15) is 
rep roduced  approxim ately  by a 4 -hour  exposure  to 
a concen tra t ion  o f  23 m g /m 3. If these dogs 
weighed 12 kg (no  weights are  s ta ted ) ,  they would 
be expec ted  to b rea th e  ab o u t  0 .356  m 3 o f  air d u r 
ing the 4 -hour  exposure  period. This would  give an 
inhaled am o u n t  o f  8.2 mg o f  p a ra th ion  (0 .68  
mg/kg) with the assum ption  o f  100% reten tion . 
T he ratio o f  the oral dose to the  es t im ated  inhaled  
dose is then  2 .5 /0 .68, o r  3.7.

Because o f  the ex trem e  m am m alian  toxicity o f  
para th ion  and  the n u m b er  o f  illnesses and dea th s  
associated with its use in ag r icu l tu re ,H_8'10,u' 13 it is 
essential to provide the highest safety fac to r  in 
d icated  by the experim en ta l  data .  T h e re fo re ,  for 
the pu rpose  o f  establishing a safe inhalation  e x p o 
sure co ncen tra t ion  (ie, env ironm enta l  limit) in 
man, an inhala tion-to-oral  toxicity ratio  o f  5 is in 
dicated.

The no-effec t  resp ira tory  dose (D r )  o f  para th ion  
accum ula ted  during  a 10-hour w orkday is defined 
as

D r= l  0 x Vp x Ca
where:

Vp =  pu lm onary  ventilation rate  o f  an average 
w o rk e r  in m 3/hr 

C a  =  m ean a irbo rne  co n cen t ra t io n  o f  
para th ion  in m g /m 3.
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Based on the d em ons tra ted '14-3'5 safe daily oral  
parath ion dose for hum ans  o f  3.5 mg, ca lcu la ted  
on an average-m an weight o f  70 kg, the  no-effect  
respiratory dose is es t im ated  to be 0 .7  m g/10 -hou r  
working day. As sta ted previously, no -effec t  ex p o 
sure levels a re  based on insignificant depression o f  
either the p lasma or RBC C h E ’s from  exposure  to  
parathion.

Table XVI-4 gives minute  volum es applicable to  
metabolic levels ranging from sleep to m axim um  
work. Based on these data ,  a reasonab le  inhala tory  
minute volume for a 10-hour exposure  is 25 
liters/min or 1.5 m ;l/hour. This 25 liters/min is an 
approxim ately median value be tw een  light and 
medium work. Based on the spec trum  o f  work a c 
tivity observed in various m anufac tu ring  o p e ra 
tions. in form ulation , and  in mixing and  ap p lica 
tion involving parath ion  exposures, an average pu l
monary ventilation rate o f  25 liters/min should e n 
compass the w o rk e rs ’ respiratory exposure  to  
parath ion in vapor, aerosol, and dust  form. T he  
equation thus reduces to

C a  =  g =  0 05 m g /c u  m10 x 1.5 °
In sum m ary , the hum an no-effect co n cen tra t ion

of airborne para th ion  based on 100% reten t ion  and  
subsequent  absorption  o f  inhaled m aterial  for a 
10-hour w orkday, 5-day workw eek, is es tim ated  to 
be 0.05 m g /m 3.

Male rats subjec ted  to p a ra th ion  aerosol
(average particle d iam eter  o f  1-2 m icrons)  in a 
concen tra t ion  o f  0 .10  m g /m 3 o f  para th ion  for 7 
hours/day, 5 days/w eek, for 6 w eeks in the
Edgewood Arsenal study experienced  no signs o f  
poisoning at any time during the exposure  o r  
postexposure periods. As seen in Tab le  XV-8 the  
RBC and plasm a C hE  activities a fter  5 w eek s ’ o f  
exposure were 67% and  92% o f  norm al activities 
(de te rm ined  from the activities in unexposed  c o n 
trol anim als), respectively. Exposure o f  male rats 
to para th ion  aerosol in a con cen tra t io n  o f  0.01 
m g/m 3 for the same period o f  time exerted  no sig
nificant effects on blood C h E ’s. O n  the o th e r  
hand, significant inhibition o f  bo th  RBC and  
plasma C h E ’s occu rred  as the  result o f  inhalation 
exposure o f  male rats to 0.74 mg p a ra th io n /m 3 o f  
air breathed.

In adult male dogs exposed to p ara th ion  aerosol 
7-hours/day, 5-days/week, for 6 w eeks, the  fo llow
ing results were ob ta ined : a con cen tra t io n  o f  0.001 
m g /m 3 p roduced  no significant inhibition o f  e i the r  
RBC or p lasma C h E ’s; one o f  0.01 m g/m 3 also 
produced  no significant inhibition o f  RBC C hE  
during the 6-week exposure  period; b u t  the p lasm a

C hE  activity was dep ressed  to 58% o f  norm al a fter  
6 w eek s’ exposure .  N o signs o f  overt  pa ra th ion  
poisoning w ere  obse rved  in any test an imal; signifi
can t inhibition o f  both  RBC and p lasm a C h E ’s o c 
cu rred  as the result o f  exposure  to a irbo rne  
para th ion  in a con cen tra t io n  o f  0 .20  m g /m 3. T w o 
weeks ' exposure  to this c o n cen tra t io n  resulted  in 
RBC and p lasm a C hE  activities o f  54% and  26% 
of normal values, respectively. A fter  6 w eek s’ e x 
posure to 0 .20  m g /m 3 o f  p a ra th ion ,  the c o r 
responding values w ere  41% and  36%. respec t ive 
ly.

T he results o f  these chronic  exposure  studies 
with male rats and dogs indicate  tha t  co n tin u o us  
exposure via inhalation to a co n cen t ra t io n  o f  
parath ion o f  0 .10  m g /m 3 in aerosol form  results in 
significant inhibition o f  the b lood C h E ’s. T hese  
data  suggest tha t  the env ironm en ta l  limit o f  0.05 
mg p a ra th io n /m 3, derived  from  inhala t ion-to -oral  
toxicity ratios in mice, rats, and  dogs, and  r e c o m 
mended  as safe for em ployees exposed to 
parath ion, is appropria te .

It may be argued tha t,  on  the  basis o f  the results 
o f  Rider et a l ,34 4.5 mg represen ts  a safe c o n t in u 
ous daily oral  dose of para th ion  ra th e r  than  3.5 
mg. H owever,  since the weights o f  the  subjects  
were no t  given, unlike E d so n ’s s tudy ,35 4.5 mg 
cannot be s ta ted  unequivocably  to be a safe dose 
for the average (ie, 70 kg) man. A daily oral dose 
o f  3.5 mg has been shown, in 3 sep ara te  s tudies ,34' 
38 to p ro d uc e  no signs or sym ptom s of pa ra th ion  
poisoning and  no significant depress ion  in e i the r  
RBC or p lasm a C hE  activity levels—a no-effect  
exposure level. A n o th e r  m ajor  fac to r  favoring a 
conservative app roach  in estim ating  a safe working 
lifetime exposure  to p a ra th ion  fo r  up to 10 
hours/day, 5 days /w eek— the likelihood o f  s im ul
taneous absorp tion  th rough  m ore  than  one avenue  
o f  en trance  into the  body (skin an d  gas tro in 
testinal t rac t ,  for exam ple )  o f  this toxic insecticide. 
As s ta ted  previously, it is extrem ely  im portan t  to 
em phasize tha t  the g reates t  danger  to  em ployees 
from exposure  to para th ion ,  un de r  most cond '  
tions, is from SKIN C O N T A C T . Because  oi non 
respiratory hazards, such as those  resultim> 
primarily from skin co n ta c t  and  absorp tion ,  it is 
r eco m m en d ed  that app rop r ia te  w ork  p ract ices  and 
protective m easures  be requ ired  regardless o f  the 
airborne c o n cen tra t io n  o f  para th ion . For this 
reason, “ occupa t iona l  exposure  to p a ra th io n ” has 
been defined as em p lo y m en t  in any a re a  in which 
para th ion  o r  m aterials  con ta in ing  pa ra th ion ,  a lone 
or in com bina tion  with o th e r  substances , is 
p roduced , packaged ,  p rocessed , mixed, b lended , 
handled , sto red  in large quantit ies ,  o r  applied.



VI. WORK PRACTICES
W ork p ract ices  are  im portan t  for the  con trol  o f  

exposures to parath ion. This is particularly  t rue  
because para th ion  is abso rbed  th rough  the  in tac t  
skin, m ucous  m em branes ,  and eyes, as d iscussed in 
C hap te r  III. T herefo re ,  every effort m ust  be m ade 
to avoid con tam ination  o f  the skin via d irect  spills, 
splashes, o r spray/dust, and indirectly  via c o n 
tam inated  c lothing o r  o th er  materials . Should such 
con tam ination  occu r,  it is essential tha t  the w orker  
involved be taken imm ediately  to  an u n c o n 
tam inated  a rea  and  the con tam ina ted  clo th ing or 
equ ipm ent rem oved  from the  body, the skin and  
hair thoroughly  and quickly w ashed with w ater  
(and  preferably  soap) or with o th e r  suitable 
d econ tam inating  solution, a physician co n ta c te d ,  
and the exposed  w orker  placed u n de r  observation  
for at least 24 hours. C o n tam in a ted  clo th ing and  
o ther  articles should be appropria te ly  labeled and  
safely s to red  until they can be w ashed or 
destroyed. T h e  provision for basic sanitary  facili
ties and the ir  use is essential in minimizing d erm al 
exposures to para th ion  as reflected  in the r e c o m 
m endations  in C h ap te r  I, Section 7.

T o  p ro te c t  against con tam ina tion  by d irec t  
spills, it is reco m m en d ed  tha t  w orkers  handling  
parath ion w ear a d eq u a te  pro tec tive  clo th ing in 
cluding impervious gloves, coveralls  (covering  e n 
tire body)  o r  rubber  aprons,  im pervious foo tw ear,  
and a protective  head  covering. It is im portan t  tha t  
personnel such as shippers and  w areh o u sem en  
handling nonleak ing  sealed con ta ine rs  o f
parath ion , such as drum s, wear full-body coveralls  
and impervious gloves. The rou tine  m a in ten an ce  
o f  this p ro tective  clo th ing  and  equ ip m en t,  usually 
by daily washing, is essential. H ydrogen  peroxide  
or hypochlorous acid (d ilu te )  should be available 
to deco n ta m in a te  badly co n tam in a ted  clothing b e 
fore its subjection to laundering.

W orkers  engaged in the form ula t ion  o f
parath ion  and  in the mixing and  loading o f
para th ion  solutions and  dusts into application
equ ipm ent may be exposed  to relatively large 
am ounts  o f  co n cen t ra ted  parath ion. In these s i tua
tions, the likelihood o f  skin con ta m in a tio n  th rough  
spills and splashes may be great dep en d in g  on the 
protective clo th ing and eq u ipm en t  a n d  eng ineering  
controls being used. In addition, because  o f  the  
processes involved, fairly large c o n cen tra t io n s  o f  
airborne pa ra th ion ,  primarily in pa rt icu la te  form 
(ie, d rop le ts  o r  dusts  con ta in ing  adso rbed  
para th ion) ,  may be generated . A irborne  c o n c e n 

trations o f  para th ion  were found to range from 
0.25 to 0.4 mg/nr* in the brea th ing  zone o f  w o r
kers filling 50-lb cartons  with p a ra th ion  dust in the  
study by Brown and  Bush.79 A irborne  para th ion  
concen tra t ions  m easured  during mixing and load 
ing o f  w ater-w ettab le  pow der were repo r ted  to 
average 2.15 m g /m :i in a mixing p lant  surveyed by 
Batchelor and  W a lk e r .1(Mi Air m onitoring  was c o n 
ducted  by Kay et a l5H while w orkers  added  15% 
parath ion w ettable  pow der to spray tanks. A m ean  
a irborne para th ion  c o n cen tra t io n  o f  21 m g /m 3 was 
found. Such exposures  are normally  o f  shor t  d u ra 
tion; how ever,  the level o f  exposure  may be high 
enough to consti tu te  a significant hazard . W here  
adequate  vapor and  dust exhaust system s are no t  
feasible, such as in ce r ta in  field s ituations, w orkers  
engaged in mixing or loading o f  p a ra th ion  in liquid 
or pow der (dus t)  form  m ust w ear  a suitable 
respiratory p ro tective  device.

Direct con tam ina tion  is also possible during  
spray operations . T he  results o f  studies c o n d uc ted  
by Batchelor and W a lk e r ,1“  Jeg ie r ,107 and  Sim pson 
and B e c k 10B showed tha t respiratory  exposures  o f  
spraymen ranged  from 0 .03-0 .26  m g /m :i in air-blast 
spraying o f  o rchards  and  fields to g rea te r  than  0.1 
m g/m 3 during  use o f  hand  knapsack  sprayers on  
tomatoes. Kay et al5H in their study o f  Q u eb ec  
apple o rch a rd s  m easured  a irborne p a ra th ion  c o n 
centra t ions ranging from 2 to 15 m g /m 3 during the 
use o f  e i the r  hand-type o r  m echan ica l- rocke r  type 
sprayers. H igh-pressure hand  sprayers have 
genera ted  0 .09  m g/m 3 levels o f  a irborne  p a r a 
thion. 10<i T h e  spraying o f  c o n c e n t ra te d  para th ion  
resulted in air levels ranging from  0.29 to 0 .52  
m g/m 3 and a ca lcu la ted  respiratory  exposure  o f  
0.055 m g /hour  accord ing  to Braid e t  a l110 and  
Wolfe et a l .109 T hese  results when c o m p a re d  to  the 
estim ated w orkplace  env ironm enta l  limit o f  0 .05 
m g /m 3 d em ons tra te  tha t  app lica to rs  may need  
respiratory p ro te c t io n  un de r  certa in  situations. In 
addition, results o f  several o f  these s tu d ie s106"109 in
dicate  substantial s im ultaneous  de rm al  exposures. 
T herefo re ,  un de r  the specified cond it ions  (see  
C h ap te r  I, Section 4 ) ,  respirators o r  masks a p 
proved for toxic dusts  and organic vapors may 
have to be worn in add it ion  to p ro tec tive  c lothing, 
such as coveralls (covering  entire  body) o r  w a te r 
p roo f  rainsuits, im perv ious gloves, im perv ious fo o t 
wear, goggles, and  a w a te rp ro o f  h ead  covering. 
W a te rp ro o f  or repel len t  parkas  may be used to  
p ro tec t  the  h ead  and  n eck  s im ultaneously.
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Pesticide drift is a co m m o n  o c c u r re n c e  during 
the aerial application  o f  para th ion  and o th e r  in sec
ticides. Based on the results o f  s tudies co n d u c te d  
during the period 1961-69, W are  et a l l!l2 c o n 
cluded that aerially applied  insecticides in A rizona 
apparently deposi ted  less than  50% on - ta rge t  d u r 
ing the norm al period o f  use o f  insecticides. M any 
factors, including d rop le t  size in the  spray cloud , 
wind speed, and the altitude o f  a ircraf t  during  a p 
plication, play an im portan t  part  in pestic ide drift. 
During these studies, W are  et al found  tha t  wind- 
speed changed from less than 1 to 5.6 m iles/hour. 
In 1972. W a r e 1™ reported  tha t  pesticide dusts  
deposited 9 times as m uch material on a field of 
alfalfa 0.5 mile from target as aerosolized em ulsion  
preparations o f  the same pesticides sprayed from 
the same height and u n de r  similar wind conditions. 
The smaller particle size o f  the dusts  resulted  in a 
larger airborne time, which led directly  to g rea te r  
drift

Braid et a l 111 repo rted  airborne para th ion  c o n 
cen tra tions  o f  3.0, 0 .85, 0 .22, 0 .07 ,  and  0.03 
mg/nr', m easured  at downwind d is tances  o f  50, 
100, 200, 300, and 400  feet, respectively, du ring  
the application  o f  1% para th ion  dust. Thus, at a 
distance of 300 feet from the application  rig, the 
a irborne concen tra t ion  exceeded  the r e c o m 
m ended  air s tandard.

To prevent spray con tam ina tion  o f  o th e r  w o r
kers due to drift, it is reco m m en d ed  tha t spraying 
not take p lace when excessive drift on to  ad jacen t  
property  is likely. W orkers ,  excep t  flagmen, m ust 
be rem oved  from areas, particularly  the one to be 
sprayed, where con tam ination  is likely because  o f  
e ither fallout or  spraydrift. However, care  m ust be 
taken to ensure that flagmen do  no t receive a 
direct application o f  the  spray. In addition, ex 
posed flagging personnel should w ear  coveralls o r  
w a terp roof rainsuits, impervious gloves, and a p ro 
tective head covering. All flagmen should  also be 
provided with a resp ira to r  app roved  fo r  use against 
toxic dusts and  organic vapors and  with goggles.

The recom m enda t ion  tha t the work en v ironm en t  
be m ain ta ined  free o f  u n a tten d ed  equ ipm en t,  
clothing, refuse, o r natura l  m ateria ls  co n ta m in a te d  
with para th ion  reflects the ex perience  in agricu l
ture, in particular,  o f  the dangers  inheren t  to  
para th ion  con tam ination .  Ganelin  et a l 194 repo r ted  
several cases o f  poisoning from  c o n ta c t  with c o n 
tam inated  equ ipm en t.  In one  case ,  a w o rk e r  
becam e ill ab o u t  2 hours  after w ashing an  a ircraf t  
previously used for applicat ions  o f  or- 
ganophosphorus  pesticides. A second  w orker  su f
fered a similar exposure  but, in this case, the a i r 
craft had already been washed once  since the  last

application o f  para th ion . A third  illness o c c u rre d  
after a pilot had d ism antled  the  h o p p e r  o f  his a i r 
craft for m a in tenance .  In this last case ,  a l though  
parath ion  had  been  applied  previously in large 
quantit ies f rom  this aircraf t,  only m agnesium  
chlorate  had been used for 2 weeks preced ing  the  
illness.

A lthough fu rther  cases  illustrating the o c c u p a 
tional hazards  o f  a p a ra th io n -co n tam in a ted  e n 
v ironm ent a re  easily found, it m ust be m e n t ioned  
that such con ta m in a tio n  may presen t  a serious a c 
cidental hazard  to children. E itzm an and Wolf- 
s o n IS5 repo r ted  the dea th s  o f  30 ch i ldren  in Florida 
during the period  1959 to  1964 due  to acc iden ta l  
parath ion poisoning. A lthough the m ajority  o f  
these deaths  resulted from  ingestion, derm al a b 
sorption was implicated in 8 cases. O ne  boy and  
his sister died and an o th e r  b ro th e r  b ecam e seri
ously ill a fter  playing on a swing m ade  from  a 
cloth-filled burlap  sack found la ter  to be heavily 
con tam ina ted  with para th ion . Two o th e r  
poisonings o ccu rred  in o lder  ch ild ren  and  were o c 
cupationally  related.

These incidents  illustrate the po ten tia l  hazards  
posed by pa ra th ion  as an env ironm en ta l  c o n ta m i
nant if not p roperly  hand led , s to red ,  and disposed 
of, to w orkers  and  the ir  families. T h e  case  for the  
employee educa tion  req u irem e n ts  r e c o m m e n d e d  in 
C hap te r  I, Section 6, rests primarily on  ex perience  
and co m m o n  sense. T hese  req u irem ents  a re  c u r 
rently co m m o n  p rac t ice  in m any agricultural  
operations.

Fires and  large-scale acc iden ta l  spills o f  
para th ion  in industrial a reas  or while in t ran spo r t  
present obvious hazards. It is s ta nd a rd  opera t ing  
p ro ced u re  to have plans for these eventua li t ies  in 
dealing with any toxic substance. In part icular ,  in 
any em ergency  s ituation , it is essential to inform 
em ergency  control  personne l  o f  the ir  potential  e x 
posure. T o  minimize the  hazard  to  these g roups  
and to w orkers  routinely  exposed  to c o n c e n t ra te d  
para th ion , the  labeling requ irem ents  in C h a p te r  I, 
Section 3, a re  reco m m en d ed ,  as are  the  several r e 
porting and  advisory requ irem ents  in C h a p te r  I, 
Section 6.

In the industrial w orkplace , the  p ro c e d u re s  for 
exerting p ro p e r  con tro l  over  exposures  to 
para th ion  are  relatively s tandardized  and d o  no t 
require  fu r th e r  e labo ra t ion  o th e r  tha n  to  re i te ra te  
the  obvious need  for the  provision and use o f  
clean c lo th ing  daily, show ers  at the  e n d  o f  a  work 
shift, and  the use o f  a p p ro p r ia te  san itary  practices.

In agricu lture ,  the p rob lem s are m u ch  m ore  
complex because  the site o f  use o f  the  chem ica l  is 
not fixed a n d  access to  the  w o rk p lace  c an n o t  be
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reliably restricted. M oreover ,  supervision o f  e m 
ployees is m ore  difficult, with resulting uncerta in ty  
in ensuring th a t  ap p ro p r ia te  work p rac t ices  are  fo l
lowed. The  last p rob lem  a rea  d em o n s tra te s  the  im 
portance  o f  em ployee  educa tion .

The reco m m en d a t ion s  regarding em ployee  e d u 
cation in C h a p te r  I, Section 6, are  qu ite  general; in 
practice, how ever,  the p ro p e r  instruction  m ust be 
quite specific . T h e re  are myriad details  associa ted  
with the use and c lean ing  o f  goggles and  resp ira 
tors and  with the ap p ro p r ia te  em ergency  
p rocedures  to  be used in the  even t  o f  para th ion  
spills or fires. Such details  a re  co v ered  in various 
pesticide safety m a nua ls , :u% which conta in  the

type o f  m ateria l  tha t  m ust be m a de  generally  
available to em ployees  exposed  to para th ion .

It is the e m p lo y e r ’s responsibility to be inform ed 
himself o f  the  ap p ro p r ia te  work p rac t ices  and  
safety p ro ced u res  and to  m ake ce r ta in  tha t  e m 
ployees know, unde rs tand ,  and  prac t ice  those  
precautions app rop ria te  to the ir  ow n operations.  
Also, it must be m ade  very clear to all em ployees  
tha t  para th ion  is a highly toxic co m p o u n d  and tha t  
the various safety rules a re  based on long-standing 
experience and co m m o n  sense. It can n o t  be 
overem phasized  tha t  p ro p e r  em ployee  educa t ion  
and  a t te n d a n t  supervision are  essential in m in im iz
ing the occupationa l  hazards posed by parath ion .
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VII. RESEARCH NEEDS
Despite its decreasing  usage, relatively large 

quantities o f  para th ion  are curren tly  being m a n u 
factured , form ula ted , mixed, and applied  to vari
ous crops in the United  States. Accord ingly , the  
following research  is r eco m m en d ed  in o rd e r  to  add  
to our existing knowledge o f  para th ion :

(1 )  Anim al experim ents  to d e te rm in e  
w hether or not p e rm an en t  effects  o n  the cen tra l  
nervous system o ccu r  as the result o f  ch ron ic  low- 
level exposure. Well-designed an d  control led  
behavioral studies should be un de r ta ke n  as a 
m ajor part  o f  the a t tem p t  to be t te r  define the  e f 
fects o f  para th ion  on the central  nervous  system.

(2) Animal experim ents  to d e te rm in e  the  
m utagenic, tera togenic ,  and carc inogen ic  p o te n 
tials o f  para th ion  in realistic doses.

(3 )  E lectrom yographic  testing o f  hum an  
subjects exposed to para th ion  to d e te rm ine  p a r 
ticularly w he the r  low concen tra t ions  o f  the insecti
cide p roduce  adverse effects on the  neurologic  
system.

(4 )  Studies to de te rm ine  w h e the r  para th ion  
exerts any toxicity by a m echan ism , o r  
mechanism s, o th e r  than  inhibition o f  tissue ChE.

(5 )  Additional studies to m ore  clearly 
define the env ironm enta l  fac tors  responsib le  for

the d em o n s t ra ted  conversion  o f  p a ra th ion  
deposited  on  surfaces to o th e r  toxic substances .

(6 )  A n epidem iologic  study o f  a w orker  
population exposed  to para th ion  for a long period  
o f  time. In the  even t  tha t  an a d e q u a te  co h o r t  o f  
workers exposed  to para th ion  can n o t  be identified, 
a re trospective morbidity  and  m orta li ty  study of a 
w orker popu la t ion  exposed  to p a ra th ion  and  o th e r  
ChE-inhibiting  o rg an o ph o sp ho ru s  pestic ides  would  
be o f  g reat use in d e te rm in ing  the  long-term e f 
fects, if any, o f  these com pounds.

(7 )  A p rogram  to  develop m ore  effective 
and satisfactory p ro tec tive  clo th ing for em ployees  
working with para th ion  as well as o th e r  pesticides 
(eg, cool, l ightweight, and  im perv ious to 
p a ra th io n ).

(8 )  Studies to  develop  an acc u ra te  and  
precise solid sam pling system fo r  a i rbo rne  
parath ion. In addition, the  re c o m m e n d e d  im pinger 
device should  be tho rough ly  eva lua ted  in o rd e r  to  
dete rm ine  its sampling efficiency an d  the overall 
precision o f  the re c o m m e n d e d  sam pling an d  
analytical m e thod .

(9 )  A research  effort to develop  an im 
proved biologic test m e th o d  to supersede  b lood  
ChE de term inations.
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IX. APPENDIX I
SAMPLING AND CALIBRATION PROCEDURES

The sampling m ethod  re c o m m e n d e d  is based on 
those described  by Miles e t  a l ,UK and  the N IO S H  
M anual o f  A nalytical M ethods . 197 As s ta ted  p rev i
ously in C h ap te r  IV, the sampling efficiency and  
the overall precision o f  the re c o m m e n d e d  sam 
pling and  analytical m ethod  are  unknow n. In add i
tion, the E nvironm ental  P rotect ion  Agency has 
withdrawn the impinger (with e thylene glycol) 
sampling m ethod  from  its pesticide manual. (RH  
Hill, Jr, written com m unica tion ,  M arch  1976) 
However, the reco m m en d ed  m e thod  rem ains the  
best one presently  available for collecting  and  
determ ining the concen tra t ion  o f  p a ra th ion  in air.
Atmospheric Sampling

W hen sampling is perfo rm ed  for d e te rm in a t io n  
o f  com pliance  with the reco m m en d ed  w orkplace  
air s tandard , the sam ple  shall be taken  within the  
breathing zone o f  the exposed em ployee  to a sc e r 
tain the em p lo y ee ’s actual exposure  to a irborne  
parath ion. A descrip tion  of sampling location an d  
conditions, eq u ipm en t  used, time and  rate o f  sam 
pling, and any o ther  pert inen t  inform ation  shall be 
reco rded  at the  time o f  the sample collection.

(a )  E quipm ent
The sampling train consists o f  a m idget  im pinger 

filled with 15 ml o f  ethylene glycol, an absorp tion  
tube, and an air pum p. A prefilter unit  consisting 
o f  the filter m edia and  cassette  filter ho lder  can be 
used if needed .

(1 )  Midget impinger: All po rtions  of the  
impinger which may con tac t  the collec tion  m e d i
um or the a ir  s tream before co llec tion  is effected  
must be m a de  o f  glass. The collec tion m edium  is 
ethylene glycol. The  ethylene glycol used m ust be 
free o f  substances  tha t  will p ro d u c e  interfering 
peaks upon hexane ex trac t ion  and subsequen t  gas 
liquid ch rom a tog raph ic  analysis. C onsequen tly ,  the 
only e thylene glycol suitable is th a t  which has 
been p reex trac ted  and found to be free  o f  in te rfe r
ing substances  by gas-liquid c h ro m a to g rap h y  using 
a flame p h o to m e tr ic  de tec tor .

(2 )  A bsorp tion  tube: An absorp tion  tube  
loosely p ack ed  with a plug o f  glass wool is inserted  
between the  exit arm  o f  the im pinger and  the air 
pum p to p ro te c t  against splash-over o r  w ater  c o n 
densation.

(3 )  Air pump: Any air m over capab le  o f  
drawing the  desired flowrate  th rough  the im pinger 
may be used, so long as the flowrate does not vary 
more than ±5% during  the  sampling period. T he  
sampling pum p  must be capab le  o f  opera t ing  at a 
pressure d ro p  o f  1 inch o f  m ercury  while providing 
the designated  flow ra te  o f  1-2 liters/min. T h e  
flowrate o f  the  pum p  m ust be ca l ib ra ted  and  this 
calibration ch eck ed  periodically  to  ensure  tha t  it 
has not changed.

(4 )  An integrating volume m e te r  such as a 
dry-test o r  wet-test m eter.

(5 )  T h e rm o m e te r
(6 )  M an om ete r
(7 )  S topw atch
(8 I Filter cassette  with glass-fiber fi lter, 8/u., 

37 mm.
(b )  C alibra tion
Since the  accuracy  o f  an analysis can  be no 

greater than the  accuracy  o f  the air volum e m e a 
surem ent,  the acc u ra te  ca libration  o f  a sam pling  
pum p is essential. How often the  calib ra tion  m ust  
be pe rfo rm ed  is d e p e n d e n t  on  the  use, ca re ,  and 
handling o f  the pump. Pum ps should  also be r e 
calibrated  if they have been  m isused o r  if they 
have jus t  been  repa ired  o r  received from  a m a n u 
facturer. If the p u m p  receives hard  usage, m ore  
frequent  ca libration may be necessary . Regardless  
o f  use, m a in ten an ce  and  calibration  should  be p e r 
form ed on a regular schedule  and  reco rds  o f  these  
kept.

Ordinarily, pum ps should  be ca l ib ra ted  in the  
laboratory  bo th  before  they  are used  in the  field 
and  after  they  have been  used to co l lec t  a larpe 
n um ber  o f  field samples. The  accuracy  o f  t'Lslih- 
tion is d e p e n d e n t  upon  the  type o f  ins trum ent used 
as a reference. T he cho ice  o f  ca l ib ra tion  ins tru 
m ent will d ep en d  largely upon  w here  the c a l ib ra 
tion is to be perform ed. Fo r  labora to ry  testing, p r i
mary s tandards  such as a sp irom eter  o r  soapbubb le  
m ete r  are  re c o m m e n d e d ,  a l though o th e r  s tandard  
calibration ins trum ents  (such  as a w et- test  m e te r  
o r  dry-gas  m e te r)  can  be used. T he  actual se tups 
will be similar for all instruments.

Instruc tions for ca l ib ra tion  with the  soapbubb le  
m eter  a p p e a r  below. If an o th e r  ca l ib ra tion  device 
is selected, equiva len t  p ro ced u res  should  be used.
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Since the  flowrate given by a pum p  is d e p e n d e n t  
on the pressure  d rop  o f  the sampling  device, in 
this case a midget impinger, the  p u m p  m ust be 
calibra ted  while opera t ing  with a rep resen ta t ive  
midget im pinger in line. T he cal ib ra tion  train thus  
consists o f  a soapbubbie  meter,  a m idget impinger, 
an absorp tion  tube, a pressure gauge capab le  o f  
measuring 20 inches o f  water, and  an air pump.

(1 )  T h e  voltage o f  the p u m p  batte ry  is 
checked  with a vo ltm eter  to ensure  a d eq u a te  vo lt
age for calibration. The  bat te ry  is charged  if 
necessary.

(2 )  T he pum p is turned  on. T he  inside o f  
the soapbubbie  m e te r  is then m oistened  by im 
mersing the  buret into the soap solu tion  and d ra w 
ing bubbles up the inside until they are  able to 
travel the en tire  bu re t  length w ithout  bursting.

(3) T he  pum p ro tam e te r  is ad justed  to p ro 
vide the desired flowrate.

(4 )  A water m a no m ete r  is c h eck ed  to  e n 
sure tha t  the  pressure d rop  across the  sam pling  
train is m ain ta ined  at approxim ately  12 inches o f  
water at 2 liters/min.

(5 )  A soapbubbie  is s ta rted  up the  bure t ,  
and the time requ ired  for the bubble  to m ove from 
one calibration  m ark  to a n o th e r  is m e asured  with 
a stopwatch.

(6 )  The  p ro ced u re  in (5 )  is repea ted  at 
least twice, the results averaged, and  the flowrate 
calculated  by dividing the volum e betw een  the  
preselected  m arks by the time requ ired  for the  
soapbubbie  to  traverse the distance.

(7 )  Calibration da ta  which are to be 
recorded  include the volume m easured ,  e lapsed  
time or n um ber  o f  strokes, pressure  d rop ,  air t e m 
pera ture , a tm ospheric  pressure, serial n u m b er  o f  
the pum p, date ,  and nam e o f  the person  p e r fo rm 
ing the calibration.

(c )  Sampling P rocedure
Breathing zone samples rep resen ta t ive  o f  the in 

dividual em ployee 's  resp ira tory  exposure  are  c o l 
lected with the midget im pinger by fastening the 
impinger to a coa t  lapel o r  shirt collar, o r by h o ld 
ing the impinger n ea r  the  face o f  the  em ployee  
during the sampling period. T he  d u ra t ion  o f  s a m 
pling shall be such tha t  a con cen tra t io n  o f  1 0 ^  o f  
the re c o m m e n d e d  env ironm enta l  s tandard , as 
specified in C h ap te r  I, Section 1(a),  may be d e 
tec ted  accura te ly  by the re c o m m e n d e d  analytical 
m ethod. An air sample o f  25-50 liters should be 
collected. T h e  te m p e ra tu re  and  pressure  o f  the  a t 
m osphere  being sam pled  are  m easured  and  
recorded.

A fter  a sam ple is taken ,  the im pinger stem is 
rem oved an d  w ashed with 2-5 ml o f  e thy lene  
glycol. This wash solution is inc luded in the im p 
inger, and  the am o u n t  o f  washing solution 
recorded . T h e  top  o f  the im pinger is sealed tightly 
with a hard , nonreac tive  s to p p e r  (p refe rab ly  
Tefloh). Do not seal with rubber.  T h e  impinger is 
placed upright in a carrying  case, with care  taken  
to p reven t  losses due  to spillage or evapora t ion .  
The t rapped  para th ion  is ex trac ted  into hexane  
and analyzed as described  in A ppendix  II. O th e r  
collection m e thods  shown to be equ iva len t  o r  su 
perior may be used. If sh ipm ent o f  the impingers 
with the stem s is p referred ,  the ou tle ts  o f  the  
stems should be sealed with paraffin sheet or o th e r  
n o n rub b e r  covers, and  the  g round  glass jo in ts  
should be sealed  (ie, ta p e d )  to secure  the  tops  
tightly. A “ b la n k ” im pinger should  be handled  as 
the o the r  sam ples  (fill, seal, and t ran sp o r t )  excep t  
that no air is sam pled  through  this impinger. 
W here  a prefilter has been used, the  filter ca s 
settes are cap p ed  and  p laced in an ap p ro p r ia te  
cassette shipping conta iner .  O ne  filter disc should 
be handled  like the o th e r  samples (seal and  t ran s 
port)  excep t  tha t no air is drawn through  it. This is 
labeled as a blank.
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X. APPENDIX II
ANALYTICAL METHOD FOR PARATHION

The gas-liquid ch ro m a to g rap h ic  m e th o d  
presen ted  in the N IO S H  M anual o f  A nalytical 
M ethods ' 1,7 is reco m m en d ed  for analysis o f  
parath ion in air. NIOSH classifies the  m ethod  as 
Class C ( ten ta tive ) ,  which is descr ibed  as a 
m ethod in wide use and which has been  a d o p ted  
as a s tandard  m ethod  o r  re c o m m e n d e d  by an o th e r  
governm ent agency or one  o f  several professional 
agencies.

Principle of Method
Parathion in w orkplace  air is t r a p p e d  in ethylene 

glycol con ta ined  in a midget impinger. T he  
ethylene glycol solution is diluted with w ater and  
ex tracted  with hexane. The  resulting solution o f  
parath ion in hexane is co n cen t ra ted  and  subjec ted  
to gas-liquid ch rom atog raph ic  analysis using a 
phosphorus-specific  flame p h o to m e tr ic  detector .

Range and Sensitivity
T he linear range o f  the  flame p h o to m e tr ic  d e 

tec to r  is 0 .5-25 ng for para th ion . For a 50-liter air 
sample carr ied  through  the  following p ro ced u re  to 
solution in I ml o f  hexane, 2 fx\ o f  which is in 
jec ted  into the gas ch ro m a to g rap h ,  the range o f  
workplace a ir  co n cen tra t ions  over  which analysis 
is linear is 5-250 /txg/m:i. T hese  limits can be 
lowered or raised by changing  (1 )  the  volume o f  
air sampled, (2 )  the volume o f  the final hexane  
solution, o r  (3 )  the size o f  the a liquot injec ted  into 
the gas ch rom atog raph .
Interferences

Phosphorus  co m p o u n d s  having re ten t ion  tim es 
close to tha t  o f  para th ion  will in terfere  with the  
analysis. T he  equ ipm en t  used m ust be scrupulously  
cleaned to rem ove any t races  o f  phosp h a te  d e te r 
gents. G lassware should , in addition , be rinsed 
with hexane imm ediately  prior to use.
Advantages and Disadvantages

(a )  T he m ethod  is very sensitive and the d e 
tector exhibits high specificity fo r  phosphorus  
com pounds. The analysis is p e rfo rm ed  directly  on  
the co m p o u n d  o f  interest.  Separation  and  q uan ti f i 
cation are  accom plished  in a reasonab le  a m ou n t  o f  
time.

(b) T he cost o f  the  eq u ipm en t  and  supplies 
may be som ew hat  expensive for som e laboratories. 
The sensitivity o f  the eq u ipm en t  d ep en d s  on c a r e 
ful ad jus tm ent  o f  the opera t ing  param ete rs .  C o n 
tamination can  o c c u r  easily th rough  eq u ip m en t  
and reagents. If in terfering co m p o u n d s  are a n 
tic ipated, a lengthy c leanup  p ro ced u re  is required .

Apparatus
(a)  Forceps.
(b )  Glass stirring rods.
(c )  Separatory  funnels, 60-ml and  125-ml 

with Teflon s topcock.
(d )  Beakers, l()0-ml.
(e )  Funnels, 65- o r  75-mm  (d ia m e te r  at top ) .
(f) Glass wool (p reex t rac ted  with hexane).
(g) Hot w ater bath.
(h )  K uderna-D anish  ev a p o ra to r -c o n c e n t ra to r ,  

consisting o f  a 125-ml E rlenm eyer- type  flask, 3- 
ball Snyder co lum n, and  10-ml rece iver  g rad u a ted  
in milliliters.

(i) G lass beads, 3-mm.
(j) V o lum etr ic  flasks for s tandards .
(k )  G ra d u a te d  cylinders, 25- or 50-ml.
(1) Syringes, 5- o r  10-//.1 and 100-/U.1.
(m ) T ransfer  p ipets , volumetric.
(n )  Gas c h ro m a to g rap h ,  with a t te n d a n t  

equ ipm ent,  including a phosphorus  flame 
photom etr ic  de tec tor .  T he  following m odifica tion  
is suggested for o p e ra t io n  o f  the G C  with flame 
pho tom etr ic  de tec t ion  and  is generally  applicab le  
to any GC. A switching valve should  be in te rfaced  
between the gas ch ro m a to g rap h ic  co lum n  and  the  
detector . T h e  valve, which is hea ted  with a 432-  
watt 2 V2 ” x 2 4 ” insulated heating  tape ,  perm its  in 
te rchange o f  co lum n effluent and nitrogen  purge. 
T he  nitrogen  purge flow rate  is ad jus ted  to equal 
the flow from  the  gas ch ro m a to g rap h ic  co lum n  so  
that when an in terchange  o f  flows is m ade for the  
purpose  o f  venting solvent, no ch an g e  is observed  
in the re c o rd e r  baseline. This a r ra n g e m e n t  avoids 
extinguishing the flame when sam ple injections a re  
made.

(o )  G as  ch ro m a to g rap h y  co lum n  co n s tru c te d  
from 6 ft x 4 mm inside d ia m e te r  borosil ica te  glass 
(silanized) p ack ed  with on e  o f  the  following:

(1 )  10% D C -200  (12 ,500  cs t )  on 80-100
mesh Gas C h ro m  Q.
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(2 )  15% OF-1 (1 0 ,0 00  c s t )/ 10% D C -200  
( 12,500 cst)  on 80-100  mesh G as C h ro m  Q.

(3 )  2% die thylene glycol succ ina te  (D E C S )  
(C 6  stabilized) on 80-100 mesh G as C h ro m  O

(4)  40} SE-30/6% Q V -210  on 80-100 m esh 
C hrom osorb  W, HP.

Colum ns 1 and 2 are cond it ioned  by heating 2-4 
days at 240-250°C under  n itrogen  flowing at 60  
ml/min, then prim ed  by repea ted  injec tions o f  
s tandard para th ion  solution under  the cond it ions  
o f  analysis given below C olum n 3 is cond it ioned  
by heating 12 hours at 225-230°C under  n itrogen  
flowing at 60 ml/min. C olum n 4 is cond it ioned  for 
at least 3 days at 245°C under  n itrogen  flowing at 
60 ml/min. A colum n of 10% C arbow ax  20M on 
80-100 mesh s ilani/ed support (2 in x 4 mm inside 
diam eter glass tubing) is then a t tach ed  before  
column 4 and  the assembly is hea ted  at 230-235°C 
for ¡7 hours under nitrogen flowing at 20 ml/min. 
The 10% Carbow ax 20M colum n is subsequently  
removed.

Reagents
in te rfe rence-free(a )  Ethylene glycol,

(pesticide quality).
(b )  H exane, in terference-free  (pest ic ide  

qu a l i ty ).
(c )  Distilled water, in terference-free .
(d )  Sa tura ted  aqueous  sodium ch lor ide ,  in te r 

ference-free.
(e )  A nhydrous  sodium sulfate.
(f) Para th ion  o f  known purity.

Procedure
(a )  T he sample in 17-20 ml o f  e thylene  

glycol is t ransferred  to a 125-ml separa to ry  funnel. 
(T he  reagent quantit ies  and  glassware sizes 
specified below apply to a sam ple in 20 ml o f  
ethylene glycol and must be scaled p ropor t iona te ly  
for different volumes.) W ash the  sam ple  c o n ta in e r  
with a m easured  a m ou n t  of w ater  and add the  
washings to the separa to ry  funnel. Dilute the  
ethylene glycol with a total o f  70 ml o f  water.

(b )  Extract the aqueous  solution 3 times with 
1 2-ml portions of hexane (total o f  36 ml).

(c )  E xtract  the com bined  hexane  ex tracts  2 
times with 10-ml portions of distilled water.

(d )  Dry the hexane solution by passing it 
through 2.6 g o f  anhydrous sodium sulfate c o n 
tained in a funnel with a glass wool retaining plug 
at the top  o f  the stem. Collect  the e lua te  in a 125- 
ml Kuderna-D anish  flask which has been fi tted  
with a 10-ml receiving tube con ta in ing  one  3-mm 
glass bead. W'hen the ex tract  has e lu ted , rinse the

separatory  funnel with 3 consecu tive  2-ml portions  
o f  hexane, washing dow n the walls o f  the funnel. 
Allow each  rinse to e lu te  before add ing  the next. 
Finally, rinse the funnel and the  sodium  sulfate 
with 2 m ore  2-ml portions  o f  hexane.

(e )  Set the K uderna-D an ish  assembly in a 
boiling watei bath and  co n c e n t ra te  the ex trac t  to 
about 5 ml. R em ove the  assembly from  the bath  
and, after  it is cool, d isco n n ec t  the receiv ing tube  
from the flask, rinsing the  jo in t  with a little h e x 
ane Place the  tube  u n de r  a n itrogen  s tream  a t  
room tem p era tu re  and  fu r the r  c o n c e n t ra te  the  e x 
tract  to ab o u t  0.5 ml. Rinse down the  wall o f  the  
tube with hexane, de livered  from a 1 0 0 -/la1 syringe, 
diluting the ex tract  to  exactly  1.0 ml, and stir.

(f) In ject a2-/xl a l iquot  o f  the h exane  solution 
into the gas c h ro m a to g rap h  and  ob ta in  a c h r o 
m atogram . T h e  c h ro m a to g rap h ic  cond it ions  are:

Column temperature 220 C for columns 1 and 2 
210 C for column 3 
200 C for column 4

Injection port 225 C
temperature

Detector temperature 200 C
Transfer line 235 C

temperature
Switching valve 235 C

temperature
Carrier gas (nitrogen) 120 m l/m in  for columns 1 and 2;

flow 60 ml/min for column 3; and
75 ml/min for column 4.

T he re ten tion  times (relative to  p a ra th io n )  a t  
these conditions  for pa ra th ion ,  re la ted  analytes, 
and som e interfering o rg an o p h o sp h o ru s  pesticides 
are tabula ted  Table X -l.

T he solvent-flush sam ple  injec tion techn ique  is 
recom m ended .  D uplicate  injections should  be 
made. The  hexane, which p reced es  the para th ion  
should be vented  accord ing  to ( n )  u n de r  A p 
paratus  so that the d e te c to r  flame is no t extin- 
guished. T he  conditions  o f  the run should be such 
that no  para th ion  is lost during  the  venting 
process.

(g) By com parison  to s tandard  curves for 
para th ion , average  o f  the a rea  u n d e r  the para th ion  
peak is co n v er ted  to the a m ou n t  in ng o f  pa ra th ion  
seen by the de tec to r .  Pa raoxon ,  if p re sen t  in the  
sample, can  be qu an ti ta te d  by co m par ison  o f  its 
peak a rea  with a s tandard  curve for paraoxon .
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TA B L E  X - l  
R E T E N T IO N  TIM ES —  PA R A T H IO N  A N D  

O T H E R  C O M PO U ND S O F IN T E R E ST
OP Compound Column 1 Column 2 Column 3 Column 4

Parathion 1.00 1.00 1.00 1.00
(4.4 min) (8 min) (3 4 min)

Paraoxon 0.77 1.13 1.23 1.17
Methyl parathion 0.73 0.78 1.18 0.76
Methyl paraoxon 0.56 0.88 1.41 0.90
Amino parathion 1.04 0.78
Dursban 1.00
Fenthion 0.97
Ruelene 1.01
Phosphamidon 1.12

Adapted from NIO SH  M anual o f Analytical M ethods [197].

Calibration and Standards
(a )  P repare  at least 3 s tandard  solutions in 

the co n cen tra t ion  range 100-10,000 ng/ml from  a 
stock solution o f  para th ion  in hexane.

(b )  M ake  duplicate  injections o f  a liquots o f  
each  para th ion  s tandard  solution o n to  the  c h ro 
m atographic  colum n and  d e te rm in e  the  peak  
areas.

(c )  Plot the am o u n t  in ng o f  p a ra th ion  seen 
by the d e tec to r  vs the  peak  area . A straight line 
passing th rough  the origin should result. If  these 
conditions a re  no t observed , e i the r  the l inear 
range o f  the  d e te c to r  has been  excee de d  or a 
system m alfunction  has occurred .

(d )  Injections o f  s tandards  should  be in te r 
spersed am on g  sample injections in o rd e r  to m o n i 
to r  d e tec to r  sensitivity.
Calculations

(a)  D e te rm ine  the  total a m o u n t  in ng o f  
parath ion p resen t  in the sample:

Sample weight _  ^  Solution volumeof parathion (ng) =  ng(0) X-—— ;-------- -------Injection volume
where:

ng (0 )  =  nanogram s o f  p a ra th ion  d e te rm in ed

from calibration  curve based on peak  a rea  
responses

Solution =  volum e in ¿¿1 o f  the final hexane  
volum e solution (usually 1 ml)

Injection =  volume in ¿¿I o f  the aliquot o f  the  
volum e final hexane  solution injected into 
the gas ch ro m ato g rap h

(b )  C o n v er t  the  vo lum e of air sam pled  to  
s tandard  condit ions  (25°C , 760 m m H g):

where:
V(s) =  volume o f  air in liters at 25°C and  760 

m m H g
V =  volume o f  air in liters as m easured  
P =  b arom e tr ic  pressure  in m m H g 
T  =  tem p era tu re  o f  air in degrees  Celsius

(c )  T he  con cen tra t io n  of p a ra th ion  can  be 
expressed in ng/liter o r  £ig/m:i:

(u) g / c u  m  =  n g / l i te r
or

total ng(u) g / c u  m  = V  (s)
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XI. APPENDIX III
METHOD FOR BIOCHEMICAL DETERMINATION OF BLOOD 

CHOLINESTERASES
The m e thod  o f  Wolfsie and W in te r ,147 a 

microm odification  o f  the Michel m e th o d ,133 is
recom m ended  for the m e asu rem en t  o f  
cholinesterase  activity.

Reagents
All reagents  should  be at least ACS reagen t  

grade.
(a )  Buffer Solution I (for e ry th rocy tes)
For 1 liter o f  buffer, dissolve 4 .1 23 6  g sodium 

barbital (0 .02  M ), 0 .5446  g potassium
orthophospha te ,  di-H (0 .004  M ), an d  4 4 .730  g
potassium chloride (0 .60  M) in 900  ml o f  distilled 
water; 28.0 ml of 0.1 N hydrochloric  acid is added  
while shaking the solution, and  the flask is b rough t  
to volume with distilled water. T he  pH  o f  Buffer I 
should be 8 .10 at 25°C.

(b )  Buffer Solution II (for plasm a)
For 1 liter o f  buffer, dissolve 1.2371 g sodium 

barbital (0 .0 0 6  M ), 0.1361 g potassium
orthophospha te ,  di-H (0.001 M ), an d  17.535 g
sodium ch loride  (0 .30  M) in 900  ml o f  distilled
water and add  1 1.6 ml o f  0.1 N hydrochloric  acid 
before bringing to volume. T he pH o f  Buffer II 
should be 8.00 at 25°C.

The pH o f  the buffer solutions will d ecrease  
over a period o f  several weeks. T he pH should be 
checked  before  using and, if it has d ro p p e d  m ore  
than 0.03 pH units, it should be d isca rded  and a 
fresh solution made.

(c )  Acety lcholine  Substrate  (fo r  e ry th ro 
cytes)

This is 0.1 1 M ace tycholine  ch lor ide  (2 .0 0 0  g in 
100 ml o f  distilled water) .

(d )  A cety lcholine  Substrate  (fo r  plasm a)
This is 0 .165  M ace tycholine  ch lor ide  (3 .0 0 0  g

in 100 ml o f  distilled w ater).
A few drops  o f  to luene  are  a d d e d  to each  

acety lcholine substra te  solution as a p reservative , 
and the solutions a re  refr igera ted  w hen  not  in use. 
The acetylcholine solutions should n o t  be re ta ined  
for more  than  1 week.

(e )  Saponin Solution
This is 0 .010%  saponin (1 0 0  mg in 1,000 ml o f  

distilled w ater) .  This solution should  be m a de  
fresh as needed.

Apparatus
(a )  C entrifuge capab le  o f  3 ,500  rpm and  

holding capillary sample tubes.
(b )  A pH  m eter,  ca l ib ra ted  to 0.01 pH units.
(c)  0 .02  ml Sahli-type hem oglobin  pipet.
(d) C o n s tan t- tem pe ra tu re  bath, 25°C.
(e )  1 0 0 - and 1,000-ml vo lum etr ic  flasks.
(f) Heparin ized capillary tubes.
(g) A Bunsen burner.

Sampling, Handling, and Preparation
Blood is co llec ted  from  a c lean , d ry  fingertip in 

a heparin ized glass capillary tube. T h e  b lood is a l
lowed to flow into the capillary tube  until the  tube  
is approxim ately  % full, leaving one  end  free by 1- 
1.25 inches, to perm it  f lame-sealing o f  the  tip o f  
the tube w ithout  overhea t ing  the b lood  sample.

The finger should be pricked  deeply  and  care  
should be taken  to co llec t  only free-flowing d rops  
o f  b lood in o rder  to guard  against the  initiation o f  
the clo tt ing  process before  the b lood con tac ts  the 
heparin lining in the wall o f  the capillary.

O ne end  o f  the  capillary is plugged with solid 
(room  te m p e ra tu re )  paraffin  and  the o th e r  ( f re e )  
end is sealed  in the flame o f  a Bunsen burner.  T he  
capillary m ay  now be labeled with an adhesive 
tape  tag bearing  a serial n u m b er  o r  nam e and  
date. The  sam ple should then be cen tr ifuged  at 
3 ,000-3,500 rpm for 50-60 minutes. W hen  the  
sample has been  so trea ted ,  it may be shipped  to a 
laboratory , if necessary, o r s to red  for several days 
(preferably  in a re fr igera to r)  w ithou t  app rec iab le  
change.
Analysis

For analysis, the capillary is cu t  c leanly with a 
sharp  am pul file. From  the packed-cells  section o f  
the capillary, d raw  0 .02 ml d irectly  into a Sahli- 
type hem oglobin  pipet. T he  ends o f  the  capillary 
must be cu t  evenly to  provide satisfactory  ju x 
taposition with the tip o f  the  pipet. D ischarge the 
con tents  o f  the  p ipet d irectly  into 1.0 ml o f  0.01% 
saponin so lution in a m ic robeaker ,  an d  rinse the 
p ipet well (3 t im es) into the solution. Glass vials, I 
inch (2.5 c m )  d eep  by % inch (19  m m ) in d ia m e 
ter, are  conven ien t  for e lec t rom etr ic  testing. T hey
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will fit in the carr ie r  o f  a s tandard  pH m ete r ,  and , 
when used with a clean rubber  s topper,  will 
eliminate transfer o f  the sample from  a test tube  
for each  pH m easurem en t.  Plasma is taken  from 
the app rop r ia te  section  o f  the capil lary  in the sam e 
m anner as the  packed  ery throcytes  and  d ischarged  
into 1.0 ml o f  distilled water, the Sahli p ipe t  being 
rinsed into the solution (3 tim es) as with the  
erythrocytes.

Erythrocyte Cholinesterase Assay
(a )  O ne  milliliter o f hem olyzed e ry th rocy te

solution is added  to 1 ml o f  buffer solution I and
placed in a 25°C w ater bath.

(b )  After a 10-minute equilibrium period, the 
initial pHi is de te rm ined  to the neares t  0.01 pH 
unit with the pH meter.

(c)  T w o-ten ths  miliiliter o f  0.11 M 
acetylcholine chloride solution is a d d ed  with rapid  
mixing and  the time is recorded.

(d) The reaction  p roceeds  for 1-1.5 hours  b e 
fore the final pHf is noted.

The beaker  conta in ing the solution should be 
shaken when the  glass e lectrode is in t roduced  to  
speed the es tab lishm ent o f  equilibrium .

Note: T he buffer solution I is designed to yield a 
pH o f  8.00 after  the addition o f  hem olyzed  hum an  
erythrocytes.
Plasma Cholinesterase Assay

(a )  O ne  milliliter o f dilu ted  plasm a is mixed 
with 1 milliliter o f  buffer solution II.

(b )  The  solution is allowed to equ ilib ra te  in a 
25°C water bath  for 10 minutes.

(c )  At the end o f  10 minutes, the  initial pHj 
is noted to the nearest  0.01 pH unit.

(d )  Tw o-ten ths  milliliter o f  0 .165  M 
acetylcholine chloride solution is ad d ed  with rapid 
mixing.

(e )  T he reaction mixture is incuba ted  for 1-
1.5 hours before the final pHf is no ted .

Calculations
The final units derived  from  this assay are  

ApH/hour:

Delta p H /h o u r  = pH  (i) -  pH  (f) -  be 
t ( f )  - t ( i )

where:
pH (i) =  initial pH
pH (f) =  final pH

t (f) — t (i) =  time elapsed in hours between reading
pH  (i) and reading pH (f)

b =  nonenzymatic hydrolysis corresponding 
to pH  (f)

c =  correction for variations in delta
p H /h o u r  with pH, corresponding 
to pH (f)

The b and  c co rrec t ion  factors  are  given in 
Table X I-1 . ,M Average baseline values o f  e ry th ro 
cyte and  plasm a cholines te rase  activity d e te rm in ed  
by this m e th o d  for healthy  nonexposed  m en and  
w om en are  given in Tab le  X I-2 .145 147 T he value for 
average RBC C hE  activity for men is d raw n from 
Wolfsie and  W in te r .14, T he  value for wom en is o b 
tained by multiplying the average RBC C hE  act iv i
ty figure for m e n 147 by the ratio o f  m ean  A pH /hr 
for w om en  to m ean A pH /hr for men derived  from 
the d a ta  o f  Rider et a l .145 The use o f  the da ta  o f  
Wolfsie and  W in te r147 allows for the  inc reased  
packing and  possible con tam ina tion  o f  R B C ’s by 
plasma C hE . Plasm a C h E  values were se lec ted  
from R ider et a l ,145 since their larger d a ta  base 
probably  p rov ides  a c lose r  app rox im ation  o f  the 
t rue  popu la t ion  m ean  o f  no rm al values to r  plasm a 
C hE  activity. For the  sam e reason, the ir  da ta  p r o 
vide the m ost  re liable  w om en /m en  ratio for 
RBC ChE  activities.
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T A B L E  X I-1  
CO RR EC TIO N  FA C TO RS  

FO R  USE IN E Q U A TIO N  FO R  A p H /H R
Erythrocyte/ Plasm a/

Cholinesterase CholinesteraseCorrections Corrections
pH (f) b c b c

7.9 0.03 0 .9 4 0 .0 9 0.98
7.8 0 .0 2 0.95 0 .07 1.00
7 .7 0.01 0.96 0 .0 6 1.01
7 .6 0 .0 0 0.97 0 .0 5 1.02
7.5 0 .0 0 0.98 0 .0 4 1.02
7 .4 0 .0 0 0.99 0 .0 3 1.01
7.3 0 .00 1.00 0 .0 2 1.01
7.2 0 .0 0 1.00 0 .0 2 1.00
7.1 0 .0 0 1.00 0 .0 2 1.00
7 .0 0 .0 0 1.00 0.01 1.00
6.8 0 .0 0 0 .99 0.01 1.00
6.6 0 .0 0 0.97 0.01 1.01
6.4 0 .00 0 .97 0.01 1.02
6.2 0 .0 0 0.97 0.01 1.04
6.0 0 .0 0 0 .99 0.01 1.09

Adapted from Michel [133].

M E A N  B A SE L IN E  V A L U E S  
O F E R Y T H R O C Y T E  A N D  

PL A SM A  C H O LIN ESTE R A SE IN M E N  
A N D  W O M EN [ a  p H /H R ]

Erythrocyte Cholinesterase
Men Women

M ean 0 .861  0 .8 4 3
Plasma Cholinesterase

_________ M ean___________ 0 .9 5 3____________0 .8 1 7_________
Adapted from  Rider et al [145] and Wolfsie and W inter [147].

TABLE XI-2

T A B L E  X I-3

N O R M A L  V A L U E S FO R  C IR C U L A T IN G  CH O LIN ESTER A SES  
IN  H E A L T H Y  N O N E X PO SE D  PERSO NS*

Subjects Erythrocyte Cholinesterase Plasma Cholinesterase ReferenceActivity (A pH /hr) Activity (A  pH /hr)
Range Mean SD Range Mean SD

4 0 0  men 0.58- 0 .52- Rider et al**0.95 0 .7 6 6 0.081 1.39 0 .9 5 3 0 .1 8 7 [14 5 ]
4 0 0  women 0.56- 0 .38-

0 .9 4 0 .7 5 0 0 .0 8 2 1.25 0 .8 1 7 0 .1 8 7
255  men 0.5 5 4 - 0 .4 0 8 - Wolfsie & Winter***1.252 0 .861 0.091 1 .652 0 .9 1 2 0 .1 1 2 [147]
120 men & 0 .5 8 - Vorhaus and Karkwomen — — — 1.37 0 .9 4 0 .1 6 [146]
20  men — — — — 0 .9 5 0 .2 4 Fremont-Smith

et al [200]
20  women — — — ■—■ 0 .78 0 .1 2
* All analyses performed by method of Michel. [133]

** Ranges, means, and standard deviations in this study are estimates based on data extrapolated to age 40; ranges reflect elimination of highest 1% and lowest 1% of values.
*** Analytic method modified for smaller blood sample.
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XII. APPENDIX IV
DIAGNOSIS AND MEDICAL MANAGEMENT OF PARATHION POISONING

T he text appear ing  im m ediate ly  below is 
adapted  in large part  from a publication  en tit led  
Prevention and M anagem ent o f  O rganophosphate  
Poisoning. This  material,  approved  in 1970 by the 
AM A C o m m it tee  on O ccupationa l  Toxicology o f  
the Council  on O ccupationa l  H ealth,  originally a p 
peared  in the Journal o f  the A m erican  M edical 
Association in 1971.201

(a) Diagnosis
A diagnosis o f  para th ion  intoxication  is based 

primarily on a definite history o f  exposure  to the  
material usually 6 hours  or less before  onset o f  ill
ness plus clinical ev idence o f  diffuse p a ra sy m 
pathetic  stimulation. L aboratory  verification is 
based on depression  o f  p lasm a and RBC C h E  to  a 
level substantially (509Î or m ore )  below p re e x p o 
sure values de term ined  accord ing  to the r e c o m 
m ended  standard . M onitoring  o f  RBC C hE  activity 
levels, as specified in the reco m m en d ed  s tandard ,  
is in tended to  prevent the deve lop m en t  o f  po ison 
ing by rem oving the exposed w orker  from  the 
toxic env ironm en t at a point prior to the d ev e lop 
m ent o f  signs and  symptoms. In ac tua l  p rac t ice ,  
the C hE  test is often  o f  value as a  confirm ato ry ,  
ra ther than  a diagnostic, p rocedure . In trea ting  p a 
tients with m odera te  to severe p a ra th ion  po iso n 
ing, the clinician should act on  his clinical im pres
sion and on the history of exposure  ra th e r  than  
wait for laboratory  confirm ation  o f  C hE  activity 
depression.

Initial signs and sym ptom s o f  p a ra th ion  in tox ica
tion are usually giddiness, som etim es acc om p an ied  
by h ead ach e ,  constric tion  o f  the pupils (m iosis) , 
and  tightness in the chest. N ausea, vomiting, 
sweating, b lurred vision, weakness, d ia rrhea , a b 
dominal c ram ps, and pallor may follow. In 
m odera te  to severe cases o f  intoxication, signs and  
symptom s may also inc lude dyspnea , salivation, 
lacrimation, m uscular twitchings, convulsions, 
cyanosis, shock and  card iac  a rrhy thm ias ,  com a , 
and possibly death . G reatly  increased  salivary an d  
bronchial secre tions are com m on. In the case o f  
mild poisoning, w here  the d ifferentia l diagnosis  
may be puzzling, the  results o f  the  cho lines te rase  
test may be necessary to establish a definite d iag 
nosis.

(b )  T re a tm e n t
T rea tm e n t  o f  para th ion  poisoning ranges from 

simple rem oval from exposure in very mild cases

to the provision of very r igorous support ive  and  
antidotal m easures  in severe cases. In the 
m odera te  to severe cases, w eakness  o f  the  muscles 
o f  respiration may necessita te  the use o f  positive 
pressure artificial respiration. Carefu l  a t ten tion  
must be paid to removal o f  secre t ions  and  to m a in 
tenance o f  a paten t  airway. A nticonvulsan ts,  such 
as t r im ethad ione  and  sodium th iopen ta l ,  may be 
necessary. T he  critical point is tha t  resp ira tion  
must be m ain ta ined  since dea th  usually results 
from resp ira tory  failure (usually acc o m p a n ie d  by a 
secondary  ca rd iovascu lar  c o m p o n e n t )  due  to 
weakness o f  the muscles o f  resp ira tion  and to a c 
cumulation  o f  excessive secre tions  in the u p pe r  
respiratory tract .  If the rapy  is to  be effective, it 
must be insti tu ted  with the least possible delay. T o  
relieve the  sym ptom s o f  excess p a rasym pathe t ic  
stimulation, large (h e ro ic )  doses o f  a t rop ine  are 
usually required.

For adults , as m uch  as 2-4 mg (1 /30  g to 1/15 
g) should be adm in is te red  by in travenous  o r  in 
tram uscu lar  injection every 5-10 m inutes  until 
signs o f  a trop in ization  appear:  dry, flushed skin; 
tachycard ia  as high as 140 bea ts /m inu te ;  d ila tion  
o f  the pupils. Obviously, cau tion  m ust be exercised  
in administering  these am oun ts  o f  atrop ine . N o  
generalization o f  the am o u n t  necessary  is possible; 
the dose is adm in is te red  accord ing  to the  p a t ie n t ’s 
condition. As m uch as 50 mg may be required  the  
first day. A mild degree  o f  a trop in izat ion  should  
be m ain ta ined  as long as sym ptom s are in 
evidence.

Although a trop ine  rem ains  the d ru g  o f  cho ice ,  
particularly  if the t r e a tm e n t  m ust be con tinued  fo r  
more than  a day o r  two, p ra lidoxim e (P ro to p am ; 
2 -PA M ) ch loride  is a com m ercia l ly  available a n 
tidote which com plem en ts  a trop ine  and hastens  
the  reac tivation  o f  para th ion -inh ib i ted  C h E ’s. F o r  
adults m odera te ly  to severely po isoned  by 
para th ion , p ra lidoxim e ch loride  should  be used 
along with a trop ine , injected  in travenously  as an  
initial dose o f  1 g a t  a rate  no t in excess o f  5 00  
m g/minute . If w eakness  is no t  relieved o r  if it 
recurs after 20 minutes, the  dose may be repea ted .  
After an overw helm ing  inhalation, skin exposure ,  
o r  ingestion o f  pa ra th ion ,  the doses may be d o u 
bled. For ch ild ren , the  usual dose is 25-50 mg/kg  
o f  body weight. T re a tm e n t  with pra lidoxim e 
chloride will be m ost effective if given within 24
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hours after  poisoning. (Its usefulness after  36-48 
hours is ques tionab le .)  Together, the  2 an tido tes ,  
a tropine and  pralidoxime chloride, a re  m ore  e ffe c 
tive in t rea t ing  para th ion  poisoning than is e i the r  
one alone. M orph ine  and o th e r  resp ira tory  d e p re s 
sant drugs, theophylline and am inophylline, are  
specifically co n tra in d ica ted  because  they a c c e n tu 
ate symptoms.

It is o f  g reat im portance  to d e c o n ta m in a te  the  
patient. T he  s tom ach  should be lavaged and a 
saline ca thart ic  adm in is te red  if para th ion  has been  
ingested. However, nothing should ever be given 
by mouth to an unconscious person. C o n tam in a ted  
clothing should be rem oved  at once and the skin 
and hair should  be w ashed with generous  am oun ts  
of water (and  preferably  soap) or o th e r  suitable 
d econ tam inating  solution. Cleansing may be best 
accom plished unde r  a shower or by subm ers ion  in 
a pond or o ther  body of water it the exposure  o c 
curred  in the field. Carefu l a t ten t ion  should  be 
paid to cleansing o f  the hair. T he  pa tien t  should 
be a t tended  and m onitored  continuously  for a 
minimum o f  24 hours, since serious and  som etim es 
fatal relapses have o ccu rred  because  o f  continu ing  
absorption  o f  the insecticide or dissipation o f  the  
effects o f the antidote.

(c )  First-Aid M easures
Industrial handbooks  discussing the use o f  vari

ous O P com pounds  typically include a section on 
first aid.

General  signs and sym ptom s o f  para th ion  
poisoning are  headache ,  b lurred vision, weakness, 
nausea and vomiting, c ram ps, looseness of the 
bowels and pain or tightness in the chest. Signs 
and sym ptom s may also include sweating, p inpoint 
pupils (even when in the shade) ,  d rooling, w a te r 
ing eyes, difficulty in breathing, and convulsions.

If the above warning signs and  sym ptom s are  
definitely observed  and para th ion  poisoning is

suspected , the  following m easures  should be pu t  
into effect immediately:

(1 )  If the pa t ien t  is no t  b reath ing , s ta rt  a r 
tificial respiration.

(2 )  In all cases of su spec ted  para th ion  
poisoning, call a physician at once.

(3 )  If para th ion  has been swallowed, in
duce vomiting by s ticking a finger in to  the th roa t,  
by giving w arm  salt w ater  (one  tab lespoonfu l  o f  
salt to a glass o f  w ater) ,  o r  by giving soapy water. 
Repeat until vomit fluid is clear. M ake  the victim 
drink plenty o f  w ater  o r  milk, if available; h o w 
ever, N E V E R  G IV E  A N Y T H IN G  BY M O U T H  
T O  AN U N C O N S C IO U S PERSON.

(4 )  If the pa t ien t  has been  poisoned  by 
contact with the insecticide, move him  away from 
the possibility o f  any fu r the r  exposure .  If para th ion  
has been spilled o r  splashed o n to  the  c lo thes  o r  
skin, rem ove  clo th ing im m ediately  and  wash the  
skin thoroughly  with w a te r  (an d  p referab ly  so ap )  
or o th e r  suitable deco n tam in a tin g  solution; use 
copious am oun ts  o f  w a te r /d eco n tam ina tin g  so lu 
tion in rinsing. If sp lashed into the eyes, wash c o n 
tinuously with copious am oun ts  o f  w ater  for a t  
least 15 minutes. C a re  should  be ta k e n  to p rev en t  
con tam ination  o f  the skin and  c lo th ing  o f  those 
providing first aid.

(5 )  Keep the p a t ien t  lying dow n, quie t,  and  
warm. T ake  him to the neares t  source  o f  medical 
care  if no t  available at the  scene of poisoning.

(6 )  Try to find ou t  the nam es  o f  all pes ti
cides (includ ing  the nam es o f  the ir  active in 
gredients) with which the  pa tien t  has been w o rk 
ing or with which he has been c o n ta m in a te d  and  
tell the physician. T ake  a label from the co n ta in er  
(or a c lean, labeled co n ta in e r)  to the physician 
along with any o th e r  available l i tera ture  describ ing  
the produc ts  involved.
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XIII. APPENDIX V
MATERIAL SAFETY DATA SHEET

The following items o f  inform ation  which are  
applicable to a specific p roduc t  o r  material  shall 
be p rovided in the  app rop ria te  block o f  the  
M aterial Safety D ata  Sheet (M SD S).

The p ro d uc t  designation is inserted  in the block 
in the u p pe r  left co rner  o f  the  first page to 
facilitate filing and retrieval. Print in uppe r  case 
letters as large as possible. It should be printed  to 
read upright with the sheet tu rned  sideways. T he  
p roduc t  designation is tha t nam e or code  des igna
tion which appears  on the label, o r  by which the 
p roduc t  is sold o r known by em ployees.  T he  re la 
tive numerical  hazard  ratings and  key s ta tem en ts  
are those d e te rm ined  by the rules in C h a p te r  V, 
Part B, o f  the  NIOSH publication, An Identification  
System  fo r  O ccupationally H azardous M aterials. 
The com pany  identification may be p rin ted  in the 
upper right c o rn e r  if desired.

(a )  Section I. P roduc t  Identification
T he m a n u fa c tu re r ’s nam e, address ,  and  regular 

and em ergency  te lephone  num bers  (includ ing  a rea  
code)  are inserted in the ap p ro p r ia te  b locks o f  
Section I. T he  com pany  listed should be a source  
o f  detailed  backup  information on the  hazards  o f  
the m ate r ia l(s )  covered  by the MSDS. The  listing 
of suppliers o r wholesale d is tr ibutors  is 
d iscouraged. T he  trade  nam e shou ld  be the  
p roduct  designation or com m on  n am e associa ted  
with the material.  T he synonyms a re  those c o m 
monly used for the p roduc t,  especially  form al 
chemical n om encla tu re .  Every know n chem ica l  
designation o r  c o m p e t i to r ’s trade  n am e need  no t  
be listed.

(b) Section II. H azardous Ingredients
The “ m ate r ia ls” listed in Section  II shall be 

those substances  which are part  o f  the  hazardous  
p roduc t  covered  by the  MSDS and individually 
m eet any o f  the cri teria  defining a h azardous  
material. Thus, one co m p o n en t  o f  a m u l t ic o m 
ponent  p ro d uc t  might be listed b ecau se  o f  its to x 
icity, an o th e r  c o m p o n e n t  because  o f  its flam m a- 
bility, while a third co m p o n en t  cou ld  be inc luded  
both for its toxicity and  its reactivity. N ote  tha t  a 
MSDS for a single co m p o n en t  p ro d u c t  m ust have 
the nam e o f  the m ateria l  repea ted  in this section  
to avoid giving the impression tha t  the re  are no  
hazardous ingredients.

C hem ical substances  should be listed accord ing  
to their com p le te  nam e derived from  a recognized

system o f  nom enc la tu re .  W here  possible, avoid 
using co m m o n  nam es and  general class nam es, 
such as “ arom atic  a m in e ,” “ safety so lven t ,” or 
“ aliphatic h y d ro c a rb o n ,” when the specific n am e 
is known.

The “ % ” may be the app rox im ate  pe rcen tage  by 
weight o r volum e ( ind ica te  basis) which each
hazardous ingredient o f  the mixture bears to the
whole mixture. This may be ind ica ted  as a range 
or m axim um am ount,  ie, “ 10-40% vo l” o r “ 10% 
max w t” to avoid disclosure o f  trade  secrets.

Toxic hazard  da ta  shall be s ta ted  in te rm s o f  
concen tra t ion ,  m ode  o f  exposure  or test, and  
animal used, eg, “ 100 ppm  LC5()- inha la tion -ra t ,” 
“ 25 mg/kg L D 50-sk in -rabb it ,” “ 75 ppm  L.C m a n ,” 
o r “ permissible exposure  from  29 C FR
1910 .1000,” or, if no t  available, from o th e r
sources o f  publications, such as the  A m erican  
C onfe rence  o f  G overnm en ta l  Industrial Hygienists 
o r  the A m erican  N ational S tandards  Institute Inc. 
F lam m able or reactive d a ta  could  be flashpoint, 
shock sensitivity, or o th e r  brief d a ta  indicating n a 
ture o f  the hazard.

(c)  Section III. Physical Data
The d a ta  in Section III should be for the total 

mixture and should include the boiling po in t  an d  
melting po in t  in degrees  F a h ren he it  (Celsius in 
pa ren theses) ;  vapor pressure ,  in conven tional  mil
limeters o f  m ercury  (m m H g );  vapor  density  o f  gas 
or vapor relative to the density o f  air ( a i r = l ) ;  
solubility in water, in p a r ts /h u n d red  parts  o f  w ater  
by weight; specific gravity ( w a t e r = l ); p e rcen t  
volatiles ( ind ica ted  w he the r  by weight o r  vo lum e) 
a t  70 degrees  F ah ren he it  (21.1 degrees  Celsius); 
evaporat ion  rate for liquids o r sublimable solids, 
relative to the  evapo ra t ion  rate  o f  butyl ace ta te ;  
and ap p e a ra n c e  and  odor.  T hese  d a ta  are  useful 
for the con tro l  o f  toxic substances. Boiling point, 
vapor density, p e rcen t  volatiles, vapo r  pressure ,  
and evapora t ion  rate  are  useful fo r  designing 
p roper  ventilation equ ipm en t.  This inform ation  is 
also useful fo r  design and dep lo y m en t  o f  ad e q u a te  
fire and  spill co n ta in m en t  equ ipm en t.  T he  a p 
pearance  and  odor may facilitate identif ication  o f  
substances stored in im properly  m arked  c o n 
tainers, or w hen  spilled.

(d) Section IV. Fire and Explosion Data
Section IV should con ta in  co m p le te  fire and  e x 

plosion d a ta  for the p ro d uc t ,  including flashpoin t



and autoignition tem p era tu re  in degrees  
Fahrenheit  (Celsius in pa ren theses ) ;  f lam m able  
limits, in p e rcen t  by volume in air; suitable ex t in 
guishing m edia  o r materials; special  firefighting 
procedures;  and unusual fire and explosion  hazard  
information. If the p ro d uc t  p resen ts  n o  fire hazard , 
insert “ NO FIRE H A Z A R D ” on the  line labeled 
“ Extinguishing M ed ia .”

(e )  Section V. Health  Hazard  Inform ation
The  “ Health  Hazard  D a ta ” should  be a c o m 

bined est im ate  o f  the  hazard  o f  the total p roduc t.  
This can be expressed as a T W A  co n cen t ra t io n ,  as 
a permissible exposure ,  or by som e o th e r  ind ica
tion of an accep tab le  standard. O th e r  da ta  are a c 
ceptable , such as lowest LD 50, if multiple c o m 
ponents are  involved.

Under “ Routes o f  E xposu re ,” co m m en ts  in each  
category should reflect the po ten tia l  hazard  from 
absorption by the rou te  in question. C o m m en ts  
should indicate  the severity of the effect and the  
basis for the s ta tem ent,  if possible. T h e  basis might 
be animal studies, analogy with similar p roduc ts ,  
or hum an experiences.  C o m m en ts  such  as “ yes" o r  
“ possible” are not helpful. Typical com m en ts  
might be:

Skin C o n ta c t—single short co n ta c t ,  no a d 
verse effects likely; p ro longed  or rep ea ted  
con tac t,  local sweating and m uscu lar  fibril
lation.

Eye C o n ta c t—constric tion  o f  iris; p o o r  vi
sion in dim light; scleral injection.

“ Em ergency  and First Aid P ro c e d u re s” should 
be written in lay language and should  primarily 
represen t first-aid t rea tm en t  tha t  cou ld  be p r o 
vided by param edical  personnel o r  individuals 
trained in first aid.

Information in the “ Notes to Physic ian” section  
should include any special medical inform ation  
which would be o f  assistance to  an a t tending  
physician including required  o r  reco m m en d ed  
p rep lacem en t  and periodic medical exam inations, 
diagnostic p rocedures ,  and  medical m a na ge m en t  
o f  overexposed  workers.

(f) Section VI. Reactivity D ata
T he  com m en ts  in Section VI re la te  to safe 

storage and handling o f  hazardous, unstable  su b 
stances. It is particularly  im portan t  to  highlight in 
stability o r  incompatibility  to c o m m o n  subs tances  
o r c i rcum stances  such as water, d irec t  sunlight, 
steel or c o p p e r  piping, acids, alkalies, etc. 
“ Hazardous D ecom position  P ro d u c t s” shall in 

clude those p roduc ts  released  u n de r  fire c o n d i
tions. It m ust also include d an g ero u s  p ro d uc ts  
produced  by aging, such as peroxides in the case 
o f  some ethers .  W here  applicab le ,  she lf  life should  
also be indicated.

(g) Section VII. Spill o r  Leak P rocedures
Detailed p ro ced u res  for c leanup  and disposal

should be listed with em phasis  on p recau t ions  to  
be taken  to pro tect  w orkers  assigned to c leanup  
detail. Specific neutralizing chem ica ls  o r  
p rocedures  should be described  in detail. Disposal 
m ethods should  be explicit including p roper  labe l
ing o f  con ta iners  holding residues and u ltim ate  
disposal m ethods  such as “ sanitary  landfill ,” o r  
“ inc in e ra t io n ” . W arn ings  such as “ comply with 
local, s tate, and federal  an tipollu tion  o rd in a n c e s ” 
arc p roper  but not sufficient. Specific p ro ced u res  
shall be identified.

(h )  Section VIII. Special P ro tec t ion  In fo rm a
tion

Section VIII requires specific inform ation. S ta te 
ments such as “ Y es,” “ N o ,” o r “ If necessa ry "  are 
not informative. Ventila tion  req u irem ents  should 
be specific as to type and p re fe r red  m ethods. 
R espirators shall be specified as to type and  
NIOSH or US Bureau o f  Mines approval class, ie, 
“ Supplied a ir ,” “ O rganic  vapo r ca n is te r ,” 
“ Suitable for dusts no t m ore  toxic than  lead ,” etc. 
Protective eq u ipm en t  must be specified as to  type 
and materials  o f  construction .

(i) Section  IX. Special P recau tions
“ Precau tionary  S ta te m e n ts” shall consist o f  the

label s ta tem ents  selected  for use on the co n ta in e r  
or placard. Additional inform ation  on any aspec t  
o f  safety or health  not covered  in o th e r  sections 
should be inserted in Section IX. T h e  lower block 
can conta in  re fe rences to published guides o r  in- 
house p ro cedu res  for handling and  storage. D e 
par tm en t  o f  T ranspor ta t ion  m arkings and classifi
cations and  o ther  freight, handling , o r s torage 
requirem ents  and env ironm enta l  con tro ls  can  be 
noted.

(j)  S ignature  and Filing
Finally, the nam e and address o f  the  responsib le  

person who com ple ted  the  MSDS an d  the da te  o f  
com pletion  are en tered .  This will facilita te  c o r 
rection o f  e rro rs  and identify a source  o f  a d d i 
tional information.

The MSDS shall be filed in a location  readily a c 
cessible to w orkers  potentially  exposed  to the 
hazardous material.  T h e  M SDS can  be used as a 
training aid and basis for discussion during safety 
meetings and training o f  new em ployees . It should 
assist m a na ge m en t  by d irec t ing  a t ten t ion  to the 
need  for specific co n tro l  engineering , work prac-
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tices, and p ro tective  m easures  to ensure  safe h a n 
dling and  use o f  the material. It will aid the safety 
and health staff in planning a safe and healthful 
work env ironm en t  and  suggesting a p p ro p r ia te  
em ergency  p ro cedu res  and sources o f  help in the  
event o f  harm ful exposure  o f  em ployees.
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MATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION

M A N U F A C T U R E R 'S  NAME R E G U L A R  T EL EP H O N E  NO. 
E M E R G E N C Y  T EL EP H O N E  NO

A D D R E SS

TRADE NAME
SYNONYMS

II HAZARDOUS INGREDIENTS
M A T E R IA L  OR  COMPONENT % H A Z A R D  DATA

III PHYSICAL DATA
B O IL IN G  POINT 760 MM HG M ELT IN G  POINT

SPEC IF IC  G R A V IT Y  tH jO M ) VAPOR P R E S S U R E

V APOR  D E N S IT Y  I A l R - 1} S O L U B I L IT Y  IN H20. % B Y  WT

%  V O L A T IL E S  BY VOL E V A P O R A T IO N  RAT E  (BUTYL A CETAT E  U

A P PE A R A N C E  AND ODOR
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IV FIRE AND EXPLOSION DATA
FLASH  POINT 
(TEST  METHOD)

AUT O IG N IT IO N
T E M P É R A T U R E

FL A M M A B L E  L IM ITS  IN A IR ,  %  BY  VOL. LO W ER UPPER

EXT IN G U IS H IN G
MED IA

SPEC IAL  F IR E
F IGHT ING
P R O C ED U R ES

U N U SU A L  F IRE  
ANO EXPLO S IO N  
HAZARD

V HEALTH HAZARD INFORMATION
H EA LT H  H A Z A R D  DATA

R O U T ES  OF E X P O S U R E  

INHALAT IO N

SK IN  CONTACT

SK IN  ABSO RPT IO N

t Y E  CONTACT

INGESTION

E F F E C T S  OF O V E R E X P O S U R E  
ACUTE O V E R E X P O S U R E

CHRONIC O V E R E X P O S U R E

EM ER G EN C Y  AND F IRST  AID P R O C E D U R ES  

EY ES

SKIN

INHALATION

INGESTION

NOTES TO PHYS IC IAN
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VI REACTIVITY DATA

CONDIT IONS C O N T R IB U T IN G  TO IN S T A B IL IT Y

INCOMPAT i B I L IT Y

H A Z A R D O U S  DECOMPOSIT ION PRO DUCTS

CONDIT IONS C O N T R IB U T IN G  TO H A Z A R D O U S  P O L Y M E R IZ A T IO N

VII SP ILL OR LEAK PROCEDURES
ST EPS  TO BE T A K E N  IF M A T E R IA L  IS R E L E A S E D  OR S P I L L E D  

N E U T R A L IZ IN G  C H EM IC A LS

WASTE  D ISPO SAL  METHOD

VIII SPEC IAL PROTECTION INFORMATION
V E N T IL A T IO N  R E Q U IR E M E N T S

S P EC IF IC  P ER S O N A L  P R O T E C T IV E  EQ U IPM EN T  

H E S P IR A T O R Y  (SPEC IFY  IN D ET A IL )

EY E

G L O V E S

OT H ER  CLO T H IN G  AND EQ U IPM EN T
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PR E C A U T IO N A R Y
ST A TEM EN T S

IX SPEC IAL PRECAUTIONS

OT H ER  H A N D L IN G  AND 
ST O R A G E  R EQ U IR E M E N T S

P R E P A R E D  BY

A D D R ESS

DATE
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XIV. APPENDIX VI
SUMMARY OF PERTINENT CALIFORNIA STATE PESTICIDE REGULATIONS, 

1974

U nder the California regula tions ,202 em ployers  
must arrange medical supervision fo r  all w orkers  
who mix, load, apply, o r  flag C a tegory  1 (highly 
toxic) pesticides for m ore  than 30 hours  in any 3 0 -  
day period. A ccord ing  to these regulations, 
para th ion  is considered  a C a tegory  1 pesticide. 
This supervision includes p reexposure  baseline 
C hE  de term inations  and  periodic biologic m o n i to r 
ing o f  RBC and plasm a C hE  activities. It also in 
cludes au thority  for the physician to instruct the 
em ployer to rem ove an em ployee from  all o c c u p a 
tional exposure  to o rgan o ph o sp ha te s  and  c a r b a 
mates should  monitoring  reveal depression  o f  
plasma C hE  to 50% o f  the p reexposure  baseline o r  
RBC ChE  to  40% o f  the p reexposure  baseline. 
Both C hE  activities m ust re turn  to within 20% o f  
the p reexposure  baseline before  the  em ployee  can  
resum e exposure  to o rg anophospha tes  o r  c a r b a 
mates. W henever  a C hE  test indicates a depression  
o f  30% o r  m ore , a re test  is required . L abo ra tor ies  
perform ing  C hE  assays must be ap p ro v ed  by the  
California S ta te  D ep a r tm e n t  of Health.

Closed mixing and  loading systems are  
requ ired202 to  p revent exposure  to con cen tra te s  
caused by spills in the course o f  pouring. G ro u n d  
and aerial applica tion tanks must have an ex ternal 
means for de te rm in ing  the internal liquid level, o r  
the filler hose must have an a u tom a tic  shut-off  
device to p reven t  overfilling. Such transfer  hoses 
must be equ ipped  with a device to p reven t  
dripping from the ou tle t  end after  filling. In a d d i
tion, no unshielded flexible hoses carrying  liquid 
pesticide may pass through  the d r iv e r ’s c o m p a r t 
m ent o f  an application  vehicle.

If em ployees  have no t  received training  p rev i
ously, em ployers  m ust instruct em p lo y e e s202 on the  
safe handling o f  pesticides used, including personal  
pro tective equ ipm en t,  com m on  poisoning  sy m p 
toms, the necessity for eating and  sm oking  rules, 
availability o f  em ergency  medical t re a tm e n t ,  an d  
the rationale for biologic monitoring . Close su p e r
vision is requ ired  during  training.

Employers must m ake prior a r ra ng em en ts  fo r  
em ergency  medical services and m ust take  an  e m 
ployee to a physician imm ediately  “ w hen the  e m 
ployer has reasonab le  grounds to su spec t  a pes ti
cide illness o r  when an exposure  to a pesticide has

occurred  tha t  might reasonably  be expec ted  to 
lead to an illness.” 202 T o  preven t  the simple m a sk 
ing of sym ptom s, a t rop ine  may no t be taken  by an 
em ployee excep t  un de r  d irection  o f  a physician.

Neither pilots o f  agricultural  a irc raf t  nor e m 
ployees u n de r  the age o f  1 8202 are perm it ted  to  
mix or load pesticides in C a tegory  1 o r  2 unless 
closed mixing or loading systems are  used. Persons 
handling pesticides in C ategory  1 are  no t allowed 
to work alone. Radio, te lephone ,  o r personal c o n 
tact  at least once  every 2 hours  du ring  the  day o r  
every hour at night may be subs t i tu ted  for the  
presence o f  a second person. O p e ra to rs  o f  g round  
vehicles who are  able to see each  o th e r ’s ap p lica 
tion vehicles or opera t ing  lights are  no t  cons idered  
to be w ork ing  alone. Pilots and  e i ther mixer- 
loaders o r  flaggers are  n o t  cons idered  alone w hen  
working as a team.

Changing areas eq u ip p ed  with towels, soap, and  
sufficient w ater  are requ ired  for mixers, loaders, 
applicators ,  and  flaggers202 handling pesticides in 
Category 1 or 2 who w ork  for m ore  than  30 hours  
in any 30-day period. C o n tam in a ted  eq u ipm en t  o r  
work clo th ing may no t  be taken  hom e by e m 
ployees. In addition, m in im um  am oun ts  o f  w ater  
are required  at work sites, along with soap and  
towels, for rou tine  o r  em ergency  washing.

Mixers, loaders, applica tors ,  and  flaggers h a n 
dling C a tegory  1 or 2 pestic ides202 must be p ro 
vided daily by the em ployer  with c lean  o u te r  
clothing. C o n tam in a ted  clo th ing m ust be im 
mediately  rem oved. Mixing and  loading sites m ust 
have a t  least one  change  o f  c lean o u te r  clothing. 
The em ployer  is requ ired  to prov ide  resp ira tory  
and o th er  personal p ro tec tive  equ ip m en t,  to c lean  
it as necessary , and to provide  new resp ira tor  filter 
pads and cartr idges  accord ing  to  the  m a n u fa c 
t u r e r ’s instructions. Em ployees  who service o r  
repair  mixing, loading, o r applica t ion  e q u ip m en t  
must be inform ed o f  the  hazards associa ted  with 
exposure to residues an d  m ust be p rov ided  with 
suitable p ro tec tive  eq u ip m en t  and  c lo th ing  by the ir  
employer.

S ubsequen t  to the  issuance o f  the above regu la
tions in 1974, the Californ ia  S tate D e p a r tm e n t  o f  
Health sough t  to guide physicians providing m e d i 
cal supervision in the selection o f  b lood C h E  test-



ing in tervals .203 The  table (X IV -1) was prov ided  in 
a letter to physicians with the cavea t  tha t  im 
m ediate  testing was indicated  in the even t  o f  a c 
cidental exposure  from splashes, spills, o r  o th e r  
mishaps. Only  w orkers  exposed to C a tego ry  1 o r  2 
pesticides for 30 hours or more  in a 30-day period  
were covered .

TABLE XIV-1
RECOMMENDED FREQUENCY OF 

CHOLINESTERASE TESTING IN NUMBER 
OF WEEKS BETWEEN ROUTINE TESTS, 

CALIFORNIA STATE DEPARTMENT 
OF HEALTH, MAY 1975

Work Activity Days o f Exposure/W eek  
2 Days or Less 3 Days or More

Mixer-Loader* 2 1
Ground applicator 4 2
Agricultural pilot 4 3
Flagger 4 2

*When closed mixing and loading systems are used exclusively, increase the interval between ChE tests by 1 week for this group. Adapted from Kahn [203],



XV. APPENDIX VII
SUMMARY OF PERTINENT STATE (EXCLUDING CALIFORNIA) PESTICIDE 

REGULATIONS

O f the 53 administrative units within the U nited  
States and  its possessions, all excep t  G u a m  have a t  
least one  law relating to the control  o f  pesticides. 
The laws o f  N ebraska  and A m erican  Sam oa  are  
quite general ,  without specific provisions in the  
law. In all o ther  administrative units excep t  
Michigan, the  law or laws give to the  responsible  
governm ental  au thority  powers to regulate  s torage, 
t ransporta t ion , and disposal o f  pesticides, to  
restrict the uses o f  pesticides, and  to hold discipli
nary hearings on alleged infractions o f  regulations 
on the use o f  pesticides. In 35 o f  the 53 adm in is
trative units, the responsible au thori ty  is given the  
power to license dealers  in pesticides. In 49 a d 
ministrative units, the responsible  au thori ty  l icen
ses or certifies custom  applicators  o f  pesticides; in 
35, the responsible authority  also certifies private  
users o f  pesticides for the use o f  restr ic ted-use  
pesticides.

In most o f  the administrative units, the responsi
ble au thority  is a governm ental  d ep a r tm en t ,  m ost 
com m only  the  D ep a r tm e n t  o f  A gricu lture  o r  its 
equivalent. D epar tm en ts  o f  Environm enta l  P ro te c 
tion or Conserva t ion  are designated as the re sp o n 
sible au thorit ies  in several adm in istra tive  units. 
O ther  governm enta l  entities (D e p a r tm e n t  o f  N a tu 
ral Resources, D e p a r tm e n t  o f  H ealth,  State  
Clinics, and  D irector o f  Regula tory  and Public 
Service P rogram s o f  C lem son University) a p p ea r  
occasionally  as responsible  authorit ies .  Th irty -n ine  
administrative units provide for Pestic ide Boards, 
Councils, o r  Com m ittees .  In most cases, these a d 
ministrative units have advisory capac it ies  only,

but in a few adm inistrative units they are  m ade  the 
responsible gove rnm en ta l  au thorit ies  to  con tro l  the  
use o f  pesticides and  to license o r  certify custom  
or private app lica to rs  o f  pesticides.

In 22 adm inistrative units o th e r  than  California , 
the law gives to the responsib le  au thority  the  
power to requ ire  repo r ts  o f  illness due  to a c 
cidental exposu re  to  pesticides. T h e se  ad m in is t ra 
tive units are: A laska, A rkansas ,  C o lo rado ,
Florida, Hawaii, Indiana, Iowa, Louis iana, M issou
ri, Nevada, New M exico, N orth  D ak o ta ,  O hio , 
Pennsylvania, R hode Island, South  C aro lina ,  South  
Dakota ,  Texas, V erm o n t ,  Virginia, Virgin Islands, 
and W ashing ton. This p o w er  generally  has  been  
available for only a shor t  t ime in the  adm in is t ra 
tive units o th e r  than California, w here  it has e x 
isted since the passage o f  the Injurious M ateria ls  
Law in 1949. California  has, the re fo re ,  a p a r t ic u 
larly extensive, bu t no t  necessarily com ple te ,  in
ventory o f  illnesses due  to pesticides.

In general, the various adm inistra tive  units have 
no s ta tutory au thority  to require  inform ation  on  
the use o f  pesticides. In M aine, N ew H am pshire ,  
and R hode Island, how ever,  the law provides tha t  
renewal o f  licenses o r  certif ications  requ ires  full 
reporting o f  pesticide usage during the p rev ious 
period o f  licensing or certif ication . A n u m b er  o f  
the o the r  administrative units do  have a m eans  for 
obtaining approx im ations  o f  such  inform ation  
through requiring use o r  purchase  perm its  for 
pesticides. M aine, New H am pshire ,  and R hode  
Island have this m echan ism  as a ch eck  on the  
required repo r t ing  o f  use o f  pesticides.
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PHYSICAL PROPERTIES OF TECHNICAL 
GRADE PARATHION

Chemical names Phosphorothiotic acid, 0,0-diethyl 
O-(P-nitrophenyl) ester, 0,0-diethyl 
O-p-nitrophenyl phosphorothioate, 
0,0-diethyl 0-(4-nitrophenyl) thio- 
phosphate, diethyl p-nitrophenyl 
thionophosphate 
Parathion or ethyl parathion 
Liquid, straw-yellow or amber 
Pungent, garlic-like 
291.3
C10H14N05PS 
375 C at 760 mmHg
6.1 C

TABLE XVI-1

Common names 
Form and color 
Odor
Molecular weight 
Molecular formula 
Boiling point 
Melting point 
( freezing point) 
Vapor pressure 
Specific gravity 
Viscosity 
Solubility

Conversion factors 
(25 C; 760 mg Hg)
Adapted from  [3, 54, 56, 198],

TABLE XVI-2 

SYNONYMS, INCLUDING TRADE NAMES, 
FOR PARATHION

AAT Niran
AATP Nitrostigmine
Alkron Niuif-100
Aileron Nourithion
American Cyanamid 3422 Oleofos 20
Bladan F Oleoparathion
Corothion Orthophos
Corthione PAC
Danthion Paramar 50
Diethylparathion Paraphos
D NTP Parathion-ethyl
E605 Parawet
Ecatox Pestos Plus
Ekatox Pethion
Ent 15,108 Phoskil

0.003 rnmHg at 24 C 
1.27 at 25 C 
15.30 cp at 25 C
Parathion is miscible with acetone, 
alcohol, benzene, CC14, CHC13, 
ethyl acetate, o-dichloro-benzene, 
toluene, xylene.
Parathion is slightly soluble in kero
sene, petroleum ether, other paraf- 
finic solvents.
Parathion is relatively insoluble 
(very slightly soluble) in water — 
24 (n) g /m l at 25 C.
1 ppm =  11.9 m g /c u m  
1 mg/cu m =  0.084 ppm

Ethyl parathion Phosphemol
Etilon Phosphenol
Folidol Phosphostigmine
Fosferno RB
Fosfex Rhodiatox
Fosfive SNP
Fosova Stabilized ethyl parathion
Fostern Sulphos
Genithion T-47
Kolphos Tiofos
Kypthion Thiophos
Lirothion Thiophos 3422
Metacide Tox 47
Murfos Vapophos
Adapted from the Registry of Toxic Effects of ChemicalSubstances [204],

TABLE XVI-3
OCCUPATIONS WITH POTENTIAL

EXPOSURE TO PARATHION
Aerial application personnel Flaggers
Area cleanup crews Ground applicator
Bagging machine operators vehicle drivers
Basic manufacturing Janitorial personnel

employees Laundry workers
Haulers of Laundry Maintenance personnel
Drum fillers Mixer and blender
Drum reconditioning operators (formulators,

personnel “swampers” )
Dump personnel Refuse haulers
Field checkers Tractor tank loaders
Field workers (exposed to Truck loaders

“residues” on fruits, Warehouse personnel
vegetables, foliage, etc.)

TABLE: x v i-4
PULMONARY VENTILATION RATES

FOR VARIOUS WORK LEVELS
Metabolic Level Minute Volume(liters)

Sleep 6.0
Rest 9.3
Light work 19.7
Medium work 29.2
Medium heavy work 40
Heavy work 59.5
Maximum work 132.0

Derived from  [199].
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TABLE XVI-5
ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE

INHIBITION IN DOGS FOLLOWING 4-HOUR INHALATION
EXPOSURES TO PARATHION

Parathion Concentration 
(m g/cu m*)

Ct(mg m in/ cu m)
ToxicSigns

Cholinesterase, % o f normal (avg o f 4 dogs)
Time RBC Plasma

Mortality
(24-hour)

37.1* 8912 4 hours 73 20 0 /4
24 hours 45 8
48 hours 78 16

7 days 65 38
14 days 85 76

8.93 2143 Lacrimation 4 hours 64 14 0 /4
occurred in 24 hours 42 7
1 of 4 dogs 48 hours 37 7

7 days 27 21
14 days 37 32

3.42 821.0 4 hours 71 23 0 /4
24 hours 44 13
48 hours 39 4

7 days 19 9
14 days 24 30

0.145 34.8 4 hours 70 40 0 /4
24 hours 56 20
48 hours 57 17

7 days 57 28
14 days 60 37

0.015 3.672 4 hours 62 18 0 /4
24 hours 49 14
48 hours 44 15

7 days 72 35
14 days 58 75

* Average of 2 chamber samples collected at 1 and 2 hours.
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TABLE XVI-6
PROBIT ANALYSIS OF ERYTHROCYTE (RBC) CHOLINESTERASE

INHIBITION IN RATS FOLLOWING 4-HOUR INHALATION
EXPOSURES TO PARATHION

Percent RBC Bliss Statistical AnalysisParathion Cholinesterase ------------------------------------------------------------------------------------------Dose Inhibition Cholinesterase D ose 95% Confidence Limits(m g/cu m) (34 rats) Inhibition, % (m g/cu m) Lower Upper
0.04 7 16 0.38 0.17 0.83
0.21 8 50 5.43 4.20 7.03
0.24 28 84 78.20 26.43 231.34
0.83 17
0.91 8
1.21 11
2.17 30
2.27 60 Probit Y = 4.369 +  .859 Log X

12.8 58
19.1 69
26.1 85
31.4 80
35.0 68

Blood sampled 24 hours postexposure.

TABLE XVI-7 

PROBIT ANALYSIS OF PLASMA CHOLINESTERASE 
INHIBITION IN RATS FOLLOWING 4-HOUR INHALATION 

EXPOSURES TO PARATHION
Percent Plasma Bliss Statistical AnalysisParathion C h o lih e s te r a s e ------------------------------------------------------------------------------------Dose Inhibition Cholinesterase D ose 95% Conlidence Limits(m g/cu m) (34 rats) Inhibition, % (m g/cu m) Lower Upper

0.04 0 16 0.51 0.51 1.18
0.21 0 50 7.28 5.24 10.12
0.24 24 84 103.85 27.23 396.05
0.83 37
0.91 12
1.21 0
2.17 28
2.27 58 Probit Y = 4.257 +  .862 Log X

12.8 69
19.1 52
26.1 58
31.4 77
35.0 74

Blood sampled 24 hours postexposture.
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TABLE XVI-8
ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE ACTIVITY IN RATS EXPOSED 

BY INHALATION TO PARATHION AEROSOLS FOR 4 HOURS
Percent Cholinesterase Activity from Start of Exposure

Concentration* 4 Hours 24 Hours 48 Hours 168 Hours 336 Hours
(m g/cu m) RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma

0.04 84 100 93 100 91 100 91 100 83 100
0.21 67 81 92 100 100 100 98 100 70 100
0.24 100 80 73 76 86 80 100 76 74 67
0.83 66 63 83 63 66 76 74 90 85 69
0.91 100 88 92 88 81 68 88 81 77 74
1.21 100 100 89 100 79 100 80 100 95 100
2.17 84 65 70 72 69 69 74 74 78 71
2.27 56 52 40 42 72 68 78 81 53 50

12.8 66 48 42 31 46 44 60 73 61 67
19.1 43 47 31 48 18 59 49 60 78 78
26.1 24 33 15 42 42 38 46 64 58 58
31.4 42 40 20 23 19 27 57 67 74 63
35.0 44 24 32 26 27 28 49 61 60 77

* 34 rats exposed/concentration level.

TABLE XVI-9
ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE ACTIVITY 

IN MALE RATS EXPOSED BY INHALATION TO PARATHION 
AEROSOLS FOR 7 HOURS/DAY, 5 DAYS/WEEK, FOR 6 WEEKS

Parathion Concentration 
(m g/cu m)

Percent Cholinesterase Activity from Start o f Exposure
1st Week 2nd Week 3rd Week 4th Week 5th Week 6th Week

RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma
0.01 88 96 93 100 —  — 69 97 70 77 97 99
0.10 57 99 60 66 —  — 65 79 67 92 Exposure

terminated
0.74 58 68 50 67 24 23 33 21 16 34 26 40

Percent Cholinesterase Activity — Postexposure Period
0.01 82 97 84 127 —  — 94 99 — — 119 141
0.10 61 116 76 133 82 119 —  — 81 113 —  —
0.74 44 113 _  _  65 100 —  — — — 88 117
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TABLE XVI-10
ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE ACTIVITY 

IN MALE DOGS EXPOSED BY INHALATION TO PARATHION 
AEROSOLS FOR 7 HOURS/DAY, 5 DAYS/WEEK, FOR 6 WEEKS

Parathion
Concentration

Percent Cholinesterase Activity from Start o f Exposure
Day 1 1st Week 2nd Week 3rd Week 4th Week 5th Week 6th Week

(m g/cu m) RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma
0.001 101 88 135 88 129 96 106 95 — — 135 102 135 91
0.01 124 113 106 92 79 70 8 6  72 — — 97 72 101 58
0 .2 0 89  4 6 75 41 54 26 74  35 — — 57 53 41 36

Percent Cholinesterase Activity —  Postexposure Period
0.001 —  — 95 99 95 79 —  — 86 97 90 131 98 103
0.01 —  — 98 91 104 91
0 .2 0 —  — 77 72 61 94 —  — 86 115 84 134 79 112

TABLE XVI-11 

RAT 24-HOUR LD50 FOLLOWING ORAL ADMINISTRATION
OF PARATHION IN CORN OIL

Parathion
Dose(m g/kg)

Percent Mortality (10 rats/dose)

Bliss Statistical Analysis (95% Confidence Limits)
Percent

Mortality Dose(m g/kg) Lower Limit Upper Limit

10.0 100 16 5 .72 5.01 6.53
7 .9 80 50 6.85 6.18 7 .6 0
6.3 20 84 8.21 7 .17 9 .4 0
5 .0 10
4 .0 0

DOG
TABLE XVI-12

24-HOUR LD50 FOLLOWING ORAL 
OF PARATHION IN CORN

ADMINISTRATION
OIL

Parathion
Dose(m g/kg)

Percent Mortality (4 dogs/dose)
Bliss Statistical Analysis (95% Confidence Limits)

Percent
Mortality Dose(m g/kg) Lower Limit Upper Limit

20 .0 100 16 4 .4 2 1.29 15.07
15.8 75 50 8.27 4 .7 9 14.29
10.0 50 84 15.50 6.61 3 6 .3 4

6.3 50
2.5 0
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TABLE XVI-13
RAT ACUTE ERYTHROCYTE (RBC) ChE50 

FOLLOWING ORAL ADMINISTRATION OF PARATHION
Parathion

Dose(m g/kg)

Percent RBC Bliss Statistical Analysis (95% Confidence Limits)
Inhibition (10 rats/dose) PercentInhibition Dose(m g/kg) Lower Limit Upper Limit

0.18 8 16 0.410 0.318 0.527
0.35 13 50 2.579 2.117 3.141
0.70 27 84 16.236 11.716 22.499
1.40 32
2.80 52
5.60 70
7.00 69

TABLE XVI-14
RAT ACUTE PLASMA ChE50 

FOLLOWING ORAL ADMINISTRATION OF PARATHION
Parathion

Dose(m g/kg)

Percent Plasma Bliss Statistical Analysis (95% Confidence Limits)
Inhibition (10 rats/dose) PercentInhibition Dose(m g/kg) Lower Limit Upper Limit

0.18 0 16 0.622 0.416 0.930
0.35 9 50 2.546 2.123 3.054
0.70 23 84 10.424 5.813 18.692
1.40 45
2.80 34
5.60 78
7.00 75

TABLE XVI-15
DOG ACUTE ERYTHROCYTE (RBC) ChE50 

FOLLOWING ORAL ADMINISTRATION OF PARATHION
Parathion

Dose(m g/kg)

Percent RBC Bliss Statistical Analysis (95% Confidence Limits)
Inhibition(4 dogs/dose) PercentInhibition D ose(m g/kg) Lower Limit Upper Limit

10.0 73 16 0.114 0.032 0.412
2.50 64 50 1.497 1.060 2.115
1.26 50 84 19.619 6.620 58.141
0.50 29

100



TABLE XVI-16
DOG ACUTE PLASMA ChE50 

FOLLOWING ORAL ADMINISTRATION OF PARATHION
Percent Plasma Bliss Statistical Analysis (95% Confidence Limits)Parathion C holinesterase---------------------------------------------------------------------------------------------Dose Inhibition Percent Dose Lower Limit Upper Limit(nig/kg) (4 dogs/dose) Inhibition (m g/kg)

10.0 65 16 0.020 0.000 0.893
2.50 59 50 1.670 0.942 2.960
1.26 40 84 141.422 4.061 4,294.465
0.50 42

TABLE XVI-17
ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE ACTIVITY IN MALE RATS 

DOSED ORALLY WITH PARATHION 5 DAYS/WEEK FOR 6 WEEKS

Daily Dose (m g/kg)

Percent Cholinesterase Activity from Start of Exposure
1st Week 2nd Week 3rd Week 4th Week 5th Week 6th Week

RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma
0.05 85 98 95 127 —  — 119 133 — — 115 156
0.10 87 106 79 20 —  — 78 94 — — 81 115
0.25 74 103 — — 66 106 44 1 15 57 54 46 52

Percent Cholinesterase Activity — Postexposure Period
0.05 85 96
0.10 119 109 141 1 17 —  — 72 103 — — — —
0.25 44 76 69 101 —  — 68 106 — — 159 119

TABLE XVI-18 

ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE ACTIVITY IN MALE DOGS 
DOSED ORALLY WITH PARATHION 5 DAYS/WEEK FOR 6 WEEKS

Percent Cholinesterase Activity from Start of Exposure
Daily Dose (m g/kg)

1st Week 2nd Week 3rd Week 4th Week 5th Week 6th Week
RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Plasma RBC Pla^.m

0.05 82 44 105 68 —  — 101 87 —  — 83 54
0.10 73 24 86 32 —  — 81 44 —  — 80 61
0.50 74 22. 65 37 —  — 51 80 —  — 42 15

Percent Cholinesterase Activity - -  Postexposure Period
0.05 70 74 95 92 _  — 101 99 —  — — —

0.10 77 165 90 94 —  — 91 90 —  — — —

0.50 50 70 49 90 — 68 93 —  — 67 74
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TABLE XVI-19
ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE ACTIVITY
RECOVERY IN MALE RATS FOLLOWING A SINGLE ORAL DOSE

(2.8 mg/kg) OF PARATHION
* lme Percent Residual Cholinesterase Activity(Postexposure) ------------------------------------------------------------------------------

Hours RBC Plasma
4 4 4 35

24 45 49
48 56 52
72 51 85

168 60 70
336 67 89

TABLE XVI-20
ERYTHROCYTE (RBC) AND PLASMA CHOLINESTERASE ACTIVITY
RECOVERY IN MALE DOGS FOLLOWING A SINGLE 

(2.5 mg/kg) OF PARATHION
ORAL DOSE

Time(Postexposure)Hours
Percent Residual Cholinesterase Activity 

RBC Plasma
24 36 41

264 53 78
360 58 85
696 67 117
864 89 112
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