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site, The nagnitu;!c of t h e  vapor pressures of DEF, E c r p h o s ,  b u t y l  d i s u l f i d e ,  

a n d  butyl .  mercap:Lln, n:;d t h e  presence  oE t h e  l a t t e r  f o r m u l a t i o n  inpurlries 
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proxixarc vicinity of  the s t u d y  f i e l d  f o r  up  to 4 d a y s  p o s t t r e a t z e n t ,  This  

field, 2 4  11 post;rcatment; a n d  b u t y l  mercaptan, 167 n ~ / ~ n ~ ,  100 r.~ n o r t h  of 

field, 24 11 posttrcatncnt. The n a j o r i t y  of  t h e  sanples  contained nuch 1.o::er 

9 





25032 

- 30 

tr 

tr 

I 

I 

36 B 
Ll 0 

0 0 

I 
I 

1 1  



457 3: 2 2  

0 C - 
10.1 12.2 1 . 6  

C L  
5 

0 

1 2  



Fo1.ex 

DEF 

RuSS3u 

BuSii 

! 3  





15 



3,700 ng 56 "I: 
2,600 (10 

66  
>260 

179,900 
67,000 

7 50 
(10 

24 0 
>a ,700 





dr:folia:lts such as sodium chloraLe or the c a c o d y l a t e s ,  

One reason f n r  t h e  c .ontroversy stems from the h i g h  p r o f i l e  of t he  

c.ompouxds. They. a r e  c o a s i s t e n t l y  a ~ o n g  the most h e a v i l y  used a g r l c u l t u r a l  

to a concentrated area and  a few weeks d u r i n g  t h e   y e a r ,  so  t h a t  any d i s c c m f o r c  

caLsed by t h e i r  a p p l i c a t i o n  is i n t e n s i f i e d ,  The a d v e r s e   w e a t h a r   c o n d i t i o n s  

under  whlch 'shey a r e  a p p l i e d  and  the  accompanying malodorous r ' o ~ n u l a t i o n  

components have been  p r e v i . o u s l y  d e s c r i b e d .  

A second f a c t o r  i s  thn, influ::  of people  i n t o  the San  Joaqufn  Val l .ey.  

This  zrea,  l-ike c o s t  o i  C a l i f o r n i a ,  is being  subdi.ridcd  and urbanizcd, 

i n c r e a s i n g  the p o t e n t i a l  f o r  human expcsu re .  h l a r g e  proportion o f  t h e s e  

people a re  u n f a c l i l l a r  w i t h  t h e  use of a g r i c u l t u r a l  chemicals, and becona 

alarrced when crag d u s t e r s  t a k e  t o  t h e  sky, o r  the air t a k e s  on a n  un faa i l i a . ;  

and d i sag reeab le  odor. 
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e n v i r o u n e o t  i s  t o  place d s z n s 2 t i v e  t e s t  animal i n  t h a t  e n v i r o m e n t  a l o n g s i d e  

humans enzaged i n  t h z i r  normal work a c t i v i t i e s .  Th i s  approach m s  used  to 

. 4 1  

would c c c ~ r  under  r ea l  exposure c o n d i t i o n s   i n  the f i e l d .   S c a l e l e s s   c h i c k e n s  

g r o u n d   r i g ,  c?nd o b s e r v i n g  them f o r  s i g n s  of a t a x l a  and o t h e r  i n j u r y .  A 

(1.982), r c p r l n t c  of which a re  appended t o  t h i s  r e p o r t ,  

T h e   a p p l i c a t o r   i n t e r c e p t e d   s i g n i . f i c a n t   r e s i d u e s  of DEF on a l l  outs i .de 
1 

su r faces  of h i s   c o v e r a l l s .  Values o u t s i d e   t h e   c o v e r a l l s  were as h i g h  as 250- 

260 pg/cn2 ( o n  the s l e e v e s ) ,   w 2 t h   n o s t  cove ra l l  v a l u e s  i n  t h e  20-10cI cg/cn2 

f o r  slerivcs, shoulders ,  c h e s t ,  thighs, and l e g s  € o r  t h e  7 hour   dura t i ion  of t h e  

f i e l d  tes t .  Exposure v a l u e s  i n s i d e  t h e  g a m e n t  r anged  f r o n  1 t o  7 pg/crc2. 

DEF l e v e l s   m e a s u r e d  i n  t h e  air and  on   the  surfaces of fallout c o l l e c t o r s  

during t h e  7 h r  exposure l e v e l  sugges ted  t h a t  t h e  major r o u t e  of h m a n  

e x p o s u r e  vas dcrinnl rather than by i n h a l a t i o n .  

Ch ickens  were exposed by p l a c i n g   t h e n  on t h e   s p r a y  r i g  n e a r   t h e  

a p p l i c a t o r ,   w h e r e  a dermal e x p o s u r e  of 47.8 ~ g / c n '  was a c h i e v e d ,   i n  the rows 

of c o t t o n  where t h e y   r e c e i v e d   d i r e c t   s p r a y s  of DEF, and a t  several  s i tes  t o  

one side o€ t h e  s p r a y  Zrea ( T a b l e  VI). I n   a d d i t i o n ,  sone b i r d s  were exposed 

to direct s p r a y s   r e p e a t e d l y .  There was a l o g - l i n e a r   r e l a t i o n s h i p   b e t w e e n  

de rma l  d o s e  and  c h o l i n e s t c a s e   i n h i b i t i o n ,   i n d i c a t i n g   t h a t  n o t  o n l y  liere t h e  

b i r d s  exposed b u t  that t h e y  a c t u a l l y   a b s o r b e d   t h e   t o x i c a n t .   U o w e v e r ,  upon 

observin:; the b i r d s  f o r  30 d a y s   a € t e r  the trial ended ,  none e x h i b i t e d  a t a s i a  

o r  otbct-  bchav ic ra l  sFgns of  de layed  n e u r o t o x i c i t y .  This series of 
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T a b l e  V I .  DEF Exposures  a ~ ~ d  S c a l e l d s s  C h i  ck;:n C h o l i n e s  i e r a se  Levelsa 

--- --- 
DC'F 

CEIE 
Group s i t e  vz / CKl 2 3 n n o l c / a i n / n l  

. ,, 
OFF 400 CI, o f f  site 0.0017 0.11 413 
Oh 50 N, open road 0.04 6.2 300 

RON I n  s p r a y e d  c o t t o n  4 . 4  -- 251 
ROW I n   s p r a y e d   c o t t o n  17.7 

ADJ 10 u, i n   c o t t o n  0.0092 -- 360 

190 -- 
[ R I G  On s p r & y  r i g  47 .G 13.8 299 J 

Estinated e x p o s u r e  - z I U O  'dermal '  - 
i n h a l a t i o n  

. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  
.- 

e x p e r i s e n t s   s h o v e d   t h a t  f i e i d  e x p o s u r e  of g r o u n d r i z   a p p l i c a t o r s   u n d e r  n o m a 1  

c o n d i t L o n s  of u s e  was probably  of j . n s u f f i c i e n t   m q n i t u a e  to produce  synptons 

of delayed neurotoxi .c iLy.  

E. F i e l d   > ! o n i t o r i n g  of Workers f o r  Synptoas  of Delayed Neuro tox ic i ty   Caused  

by DE?? 

The results of S e c t i o n  D e s p e r i a e n t s   s u g g e s t e d   t h a t   e x p o s u r z s  t o  DEF i n  

t.he f i e l d  were t oo  l i t t l e  t o  l.ead, under  normal use c o n d i t i o n s ,  t o  i n t o x i c a -  

t i o n ,  at: l e a s t  f o r  g r o u n d   r i g   a p p l i c a t o r s .  To f u r t h e r  assess  t h i s   f o r   w o r k e r s  

engaged in b o t h  ground and a e r i a l  t r e a t n e u t  of c o t t o n ,  a s t u d y  was conduc ted  i n  

which an cstiinatc of e x p o s u r e  was made by a n a l y z i n g   c l o t h   p a t c h e s   f i x e d   t o   t h e  

c l o t h i n g  of m l x c r - l o a d e r s ,   f l a g s e r s ,  ancl p i l o t s  and measurements were made of 

blood enzyme leve ls  and per iphe ra l   ne rve   func t - lon .   Comple t e  r e su l t s  will b e  

p r e s e n t e d  by L o t t i  e t  ale ( J o u r n a l  of Occupa t iona l   E led ic ine ,   1933) ;  a copy of 

t h a t   n a n u s c r i p ' t  will b e  f u r n i s h e d  as  soon as j o u r n a l   r e p r i n t s  a r e  avai lable .  

Exposure   measurenents  t o  DEF and   nerphos  in a g r o u p  of 7 w o r k e r s  

s u g g e s t e d   t h a t  the major r o u t e  of e x p o s u r e  t o  DEF was th roush  the skin. The 
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VI1 d a r n ,  t h e  t o t a l   e x p o s u r e  t o  DEF can. be c a l c u l a t e d  f o r  each worker on the 

days moni to red .  Ths  r e s u l t s ,  n o r u a l l z e d  t o  a 7 h o u r  work day, are  i n  TaSlc 
. 4 ,  

I X .  Head and neck exposures for  t h e  f l a g g e t s  and n i x z r - l o a d o r s  ( s u b j e c t s  2-5) 

were cons: iderably greater t h a n  f o r  t he  p i l o t s ,  For a1.I. w o r k n r s ,  s i g n i f i c a n t  

clean and ad jus t  l e a k i n g  s p r z y  nozzles on thz  a i r c r a f t  and to c c l l e c t  spent  

d e f o l i a n t  cans w i t h c u t  iqearing p r o t e c t i v e  gloves.  Also,  foz a1.t workers t h e  

air ( i n h a l r r t i o n )   e x p o s u r e  \<as i n s i g n i f i c z a L  i n  c o . q a r l s o u  t o  Lhe derua l  

exposure .  A very  rough estimate of season-long exposure  car! be  made f o r  

workers i n   e a c h   c a t e g o r y  by n u l t i p l y i n g  TaSlc LU, Gsta by t h e  est imated n1uCxx 

season ( T a b l e  VII). For exanplo, sub jec t  4 r e c c i v e d  tile roug:! estima'itt of 2,8 

grams on his head and neck, 0,4 grams o n   h i s  heads,  2.iICl 0,003 g r a m  by 

i nha la t ion  o v e r   t h e  season, assuminy t h a t  h i s  e:iposure on all days of rjorking 

w i t h  defo l - ian t  was the  same R S  on the  tvo d a y s   t h i s  sd l j ec t  w z s  monitored. 

A l s o ,  Table IX data a l low one t o   c a l c u l . a t e  t he  sln;l.c 7 I x  workday dosz fo: 

each i n d i v i d u a l   i n  ng/kg, u s i n g  s u b j e c t   x e i g h t s  f n  TzLle VIIT. Again f o r  

s u b j e c t  4 ,  t h e  c a l c u l a t e d  dose o:1 the day he was moni to red  was a p p r o x i n a t & p  

0.7 mg/kg, n e g l e c t i n g  a c o r r e c t i o n  f o r  s k i n  a b s o r p c i o n  of DE,? (-102 of t o m 1  

dose). By way of compar i soc ,  the  median a c u t e  dose of DEF a d m i n i s t e r e d  6-c. 

to scaleless hens which  produced a t ax ia   Af t e r  12 days  was SO3 ng/kg ,  while the 

no obse rved  effect: l e v e l  (NOEL) f o r  a tax ia  i n  nornal. hens  i s  r e p o r t e d  to h e  

0.1 mg/kg of body w e i g h t  per day f o r  chronic   exposure . .  

2 1  



2 19 0 2 9 4 / 2 7  Mixer/loader-fla2ger 

3 18 0 286/28 >Exet/loader-flagger 

4 46 >I 0 374 /34  Ground r i g  o p e r a t o r  
and mixer / l oade r  

5 41 2 2 5 / 2 9  ~ ~ ~ > ; e r / l o a d e r - f l a g g e r  

6 35 6 106/9 Grcund r i g  o p e r a t o r  

2 2  



Table VIII. Pan l to r ing  Environmental Exposure to DEF and. Merphos during Cotton. D e f o l i a t i o n  

1 1 

27 

2 1 

27 

3 1 

2 7  

4 9 

5. 19 

-~ ~ 

2.90 

4 . 5 3  

3 .oc) 
4.35 

3.05 

4.37 

7.45 

1 . 8 3  

0.31 

0.50 

1.35 

I -03 
0.81 

2.97 

54.16 

3.32 

0.05 

0.12 

34.23 

98,03 

5.35 

46.82 

0.18 

1.44 

~~ ~ 

3.17 5.79 104.33 187.95 1,588.$3 

1.66 7,12 

4 .4 9 39.79 68.04 177.80 1,272.58 

4.25 50.38 

2 4  -06 39.73 79.38 182.38, 1,386.77 

5.17 31.12 

7.40 6 -06 88,kS 177.80 1,422.69 

1 e 6 5  20.36 68.04 175.26 1,259.37 

20 2.17 8.35  108.47  13.27 53.76 

6 9 6.03 0.32 0.29 0.57 3.94 95.26 182.88 . 1,500.77 

7 9 6.78 0.24 0.13 1.54 5.50 115.67  185.42 1,6146.24 

a ticad (11) and neck ( N ) ;  A = anter ior ,  P = p o s t e r i o r .  Amounts ( ~ G / C I I I ~ )  on patches.  

Total body m e a  (=a2) = [weight (kg) 0- r t25  x h e i g h t  (cn} G - 7 2 5 ]  x 7 1 . 8 4 ;  Area 11 f N = 0.069 x ( t o t a l  body area);  
A / ( B  + N) = 0.73, P/(H + N) = 0.27. 

Using the approcch of DuBois and Dubois 35, t o t a l  skin s u r f x e  areas were computed f o r  each worker. Frc)!g 

B ~ r k o w ~ ~  t h e  re la t ive  area of the head p l u s  neck was estimated t o  be 6.9% of the total surface area. Moreover, 

f rom P e o p l e s  e t  al. 3 7  the a n t e r i o r  and p o s t e r i o r  head and neck surface areas were esrimated to be about  73% 8r?d 

27%, respectively, of the t o t a l  head and neck. Cloth patches placed on t he  upper chest: Rear the face acd or, 

t h e  c o l l a r  a t  t h e  back of t h e  neck rrcre used t o  dcterminc exposure of the anterior and posterior head and neck 

t o  DE? and nerphos. 



1 Pi lo c 1 
27 

4 Ground-rig Operator 9 
and ?lixer/Loadsr 

5 Nixer/Loadl;..r-Flagger 19 
20 
.. . 

0.92 
1.13 

30.44 
55  .?9 

6.48 
32.92 

52.E9 

15.30 
143.84 
. .  

7.65 
2.56 

55.27- 
8.25 

7.01 

6.31 
42.81 

- . .  

0.05 
0.06 

0.35 
0.45 

0.34 
0.27 

0.06 

Significantly,  exposures i:1 the t e s t  g r o u p  of hunan s u b j e c t s  d l 5  w t  

result in any detectable s u b c l i n i c a l  effect  on the per iphe ra l  n e r v w s  systea, 

as assessed by e le2 t romyography and nerve c o n d u c t i o n  s t u d i e s  carr ied out o t  

UCSF P!edical Cenier by Drs. L o t t i e ,  Besker, and  colleagues, Yowever, t hesz  

same worke r s  showed that neurotosic esterase (NTE)--the putative nolzcular 

target in neural t i s s u e  f o r  che i n i i i a t i o n  o E  delayed neuropathy--.dis 

n e a s u r e z b l y  inhibired. B o t h  t h e  i n t e n s i t y  and the l ength  of esposxra seemed 

to be inportnnt i n   d e t e r n i n i n g  Lhe i n h i b i t i o n  of NT"s in lynphocytes, which was 

about 50% of the preexpasure va lues  wheh nzasured 3-4 wceks a f t e r  t h e  

b e z i n n i n g  of the  exposure.  T h i s  l c v e l  of STE i n h i b i c i o n  d i d  no t  ha;.? any 

a s s o c i a t e d  detectable e l e c t r o p h y s i o l o g i c  effecrs. 

In  sum, workers i n v o l v e d  in applying DEF t o  c o t t o n  were aeasureably 

exposed t o  the c!lcaical--an exposure  which occurred  at l e a s t  Over a 39 day  

2 4  



period of  t:le dcEa1iar ion  sect so!^ and approximated in so:ne c;).sP-~ C h C  c!ironic 

E;OE!, f o r  DZF i n  hens.  Th i s   exposure  d id  l ead  t o  a signiCicant d c p r c s s i o r t  in 

ZiTE a c t i v i t y  by the end o f  t h e  s e a s o n ,  but was n o t  o f  s u f f i c i e n t  ~ a g n i c u d e  t o  

aeasureahly  a f f e c t  the nervous  sys  tern. We conclude from t h i s  s t u d y  of huaans ~ 

and fr0.n the s t u d y   w i t h  scaleless chickens,  t h a t  normad f i e l d  e x p o s u r e  of 

applicators, iiiixer-loaders, and f l a g g e r s  t o  DE% a n d l o r  n e r p h o s  w i l l  not_ 

p r o d u c e   d e l a y e d   n e u r o t o x i c i t y  in t h e s e  i n d i v i d u a l s  because n o r u a 1  exposcrc  is 

below the t h r e s h o i d  l z v e l  f o r  this d i s e a s e  in huruans. lio'.u'ev~r, our resul ts  do 

show t h a t  t h e  desireaSle 100 f o l d  sa fe ty  f a c t o r  cou ld  3e approaci:ed and,  

perhaps,  v i o l a t e d  f o r  some workers on   occas ion ,  ' T h i s  argues f e r  the u s e  of 

p r o p e r  safety a p p a r e l   ( c o v e r a l l s   a n d  rubber  gloves) ,  and  alerting uorkers to 

t h e  i n h e r e n t   d a n g ? ? r s   i n   u n d u c  ex:losure when handl ing  these orZanophosp1;orus 

d e f o l i a n i s .  With regard t o  p e r s o n s  \corking o r '  residing downwind from 

d e f o l l a t i o o  t r e a t n e n t s ,  w e  see no condLt ion   under  which delay,?.b n e u r o t o x i c i t y  

c o u l d  develcp f r o n  t h e  r e l a t i v e l y  minor cxpo6uces t o  a i rborne d r i f t  t o  uhich 

they aight be exposed by i n h a l a t i o n  or Ziermally. 

A .  Background 

P a r a q u a t ,  a non-volar i le  b i p y r i d i n i u m   h e r b i c i d e  w i t h  a v a r i e t y  of 

a g r i c u l t u r a l  uses,  is e x t e n 5 i v e l y  employed as a haZXc?St a i d  f o r  c o t t G n  

d e f o l i a t i o n ,  Concern o v e r  these u s e s  arises frcjm t h r e e   s o u r c e s :  small 

amounts of parti .culate d r i f t  fros p a r a q u a t   s p r a y i n g  m y  i n j u r   s e n s i t i v e  p l a n t  

species downwind froo t h e   s o u r c e ;  inhaling large a n o u n t s  of p a r a q u a t  aerosol 

nay p roduce  iclr;lcdiatc, a c u t e  t o x i c  e f f e c t s ,  principally in t h e   l u n g  of humans; 

and pro longed   exposure  at lower levels nay c a u s e  o r  aggravate asthma and 

cmphysema-llke sylilptoms i l l  exposed i r t d i \~ i .< lua l s .  

2 s  



p a r t i c u l a t e s ,  by f i l t r a t i o n   w i t h   n i t r o g e n - s e l . c c t i v e  GLC of a reduced paraquat 

d e r i v a t i v e .  T h e  mezhod was u s e d   t o  assess t h e   c o n c e n t r a t i o n  of p a r a q u a t  
. d l  

downwind f r o n   c o m m e r c i a l   a p p l i c a t i o n s   t o   c o t t o n   a n d   p a r a q u a t   r e s i d u e s   i n   t h e  

d u s t   g e n e r a t c d   d u r i n g  mechanical h a r v e s t i n g  of a treated m t t o n  f i e l d .  An 

e f f o r t  was m d e  t o   i d e n t i f y  m a x i m ~ m  i n h a l a t i o n  exposure c o n d i t i o n s  i n  the  

s p r a y i n g  and h a r v e s t i n g   o p e r a t i o n s ,  and t o  recoL2end prac t ices  which c o u l d  

m i n i m i z e   o c c u p a t i o n a l  exposure t o  a i r b o r n e   p a r a q u a t  in these o p e r a t i o n s .  The 

method  developmeat a n d  a p l i c a t i o n s  are r e p o r t e d   i n   d e t a i l   i n  the p a p e r  by 

Se ibe r  end  Roodrow ( l S Y l ) ,  a r e p r i n t  of which i s  a r t z c h e d  as an Ap?er,di:c t o  

t h i s  reporz .  

R A n a l y t i c a l  >le thod  Cevelopn2nt  

We deve loped  a p rocedure  f o r  dctcrmini.ng low c o n c e n t r a t i o n s  of paraquat  

dounvind f r o m   t r e a t n c n t  s i t e s  by  combining a c c u m u l a t i v e   f i l t r a t i o n  f c r  

s a p l i n g  Td;ith N - s e l c c t . i v e - g a s   c h r o n a t o g r a h i c   a n a l y s i s  of  r e d u c e d   p a r a q u a t  

d e r i v a t i v e .   T h i s   m e t h o d ,   o u t l i n e d  i n  F i g u r e  2 ,  i n v o l v e s   e x t r a c t i o n  of  

p a r a q u a t  from t h e  f i l t e r  by s o n i c a t i o n   w i c h  6 3  HC1, c o n c e n t r a t i o n  anci 

c e n t r i f u g a t i o n   t o   r e n o v e   i n s o l u b l e  materials, ami d i s s o l u t i o n  of  s o l u b l e  

matter i n   s a t u r a t e d   a z i x o n i u n   b f a c a r b o n a t e .  T h e  l a t t e r  s o l u t i o n  was t a k e n  t o  

d r y n e s s ,   i n z l u d i n g   e v a p o r a t i o n  of the v o l a t i l e  anmonFum k i c a r b o n a t c ,  i n  a s a n d  

bath;  the r e s i d u e  was t h e n   d i s s o l v e d  in' aqueous   sod ium  hydrox ide   and  

derivatizcd by r educ t ion  with sodium b o r o h y d r i d e ,  T h e   r e d u c e d   p r o d u c t ,  a 

nixturc  of mono- a n d   d i u n s a t u r a t e d   t e r t i a r y  m i n e s ,  was e x t r a c t e d  i n  hexane 

a n d   q u a n t i t a t e d  by gas chronstc>;raphy u s i n g  i iP-ss lec t ivz  t h e r m i o n i c  

de t cc t l . on .  Recoverles of p a r d q u a t   d i c h l o r i d e  spiked t o  glass  f i b e r  f i l t e r s  
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were 96, 57, ill, and  7 4 %  f o r  1.0, 0 . 5 ,  0.1, and 0.05 k; f o r t i E i c a t i o n s .  

Cons ider ing  these recovery d a t a  asci t h e  baclcgrodw! f r o %  a.1 a i r  sanpI.3 l a c k i n g  

paraquat, t h e  Zimit o f  det?c$,ion of t h e  ncthod vas dstiwtec! t o  bc 0.5 ng/m3. 

T h i s  method is c o n s i d e r a b l y  more sensi t ive t h a n  t ! ~  colorinetric assay 

a p p l i e d  to fall-out o r  h i g h  v o l u x  f i l t e r  sarlples.  k‘c a p p l i e d  it tc a 

o p e r a t i o n ,  b o t h  d u r i n g  a n d   f g r  several  h o u r s  fo1los;i::g treacaent.  

Addftj.ona.Lly, Chc ncthod nay b? used to rnezscre t h e  q r ? o n t i t y  of  pzraqua?:. 

associated wi th  va r ious  p a r t i c u l a t e  size f rac t icns  cl;?.lect:ed by cascade 

impac t ion ,  

2 7  



C .  Fie ld  P:onito!:ing f o r  A i r b o r n e  Level:; 

Field analyses mre  c a r r i e d  o u t  a t  t ~ o  sites usi!:g h i g h  o r  low-volume a i r  
1. 

samplers deployed a t  s e v e r a l   p o i n t s   a r o u n d   t i l e  f i e l d .  Soze sanplers had 

glass-fiber f Flters t o   t r a p  paraquar w h i l e   o t h z r  salallerrs c o n t a i c e d  XAD-4 

r e s i n   t o   t r a p  DSF, a corcponent of t h e   h a r v e s t  aid n i x t u r e .   A p p l i c a t i o n  was by 

f ixed-wing a i r c r a f t  a t  0.1 E:g/ha of paraquzt.. 

. I l  

The t o t a l  volura? of a i r  p r o c e s s e d  by each sampler m s  c o r r e c t e d  f o r  t h e  

tim tho, wind b1e-J tovddrd t h e   s a n p l e r   f r o m  sone segnenc of  t h e  t r e a t e d  

f i e l d ,  This y i e l d e d  t h 5  " e f f e c t i v e  volume" s u p l e d ,  that ' s ,  t h e   p r o d u c t  of  

s ample r  flow r a t e  and  t i n e  the wind Slew t o x 3 r d   t h e  sample; from t h e  f i e l d .  

F r o n   t h i s  t h e  e f f e c t i v e   c o n c c a t r t i o n  of p a r a q u a t  i n  each a i r  saaplc was 

c a l c u l a t e d  ( T a b l e  X). 

F o r   e a c h  f ie ld ,  a re la t tve ly  smooth d r o p  of e f f e c t i v e  c o n c e n t r a . t i o n  with 

.dc;wrlxind d i s t a n c ?  was obse rved  ciuring spraylns .  The  p r o f i l e  l o r  t h e   S o u t h l a k e  

f i e l d  i s  s h i f t e d   t o w a r d   h i g h e r   c o n c e n t r a t i o n s  at ccl2par;lble sarnpling s i tes  
" 

which ~ ? a y  r e f l e c t  more d r i f t  than a t  t h e  Devil's Den fLe1Z s i n c e   t h e   a v e r a g e  

windspeed f o r  S o u t h l a k e  was greacer .  

The c o n c e n t r a t i o n s - d i s t a n c e   p r o f i l e s   c o u l d  be used t o  ca lcu la te  a i r  

concent ra t ions  a t  l o c a t i o n s   w h e r e  no sampler was set up-. %or example, we 

e s t i m a t e d   t h e   e f f e c t i v e   c o n c e n t r a t i o n  1 1;1 fro:s  the  doxnwizrd edge of t h e  

t r e a t e d  area t r ;  be 4 pg/rn3 f o r   t h e  Devil's Een s l t e  and 11 &/a3 fQr t h e  

Southlake s i t e  d u r i n g   s p r a y i n g .  

E f f e c t i v e   p a r a q u a t   a i r   c o n c e n t r a t i o n s  saxupled 2 h o u r s  a f t e r  t r e a t m e n t  a t  

t h e  two f i e l d s  were 1-1071 of those  recorded a t  corresponding sampler s t a t i o n s  

d u r i n g  s p r a y i n g .  KO p a r a q u a t  wss d e t e c t a b l e  a t  any  of t h e   s a m p l i n g   s t a t i o n s  5 

h o u r s   a f t e r   s p r a y i n g .   T h i s   r e f l e c t s  the n e g l i g i b l e  volatility of p a r a q u a t  a n d  
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d t ? p s i t s   u ~ b c r   t h e  c ' l imt i c  cond i t ions  of o u r  tests,  T h i s  c o n t r a s t s   s h a r p l y  

w i t h  t h e  behavLor of 12odcratel.y volatile coapounds srlch as DEF f a r  which  

evaporat1ion from surface d e p o s i t s  m y  occur fo r  sevetal  h o u r s  o r  d a y s  

follo:d.ng t reatcent .  For L)lr;F, t o t a l  airhorns residues ( p a r t i c u l a i e  p l u s  

. I I  

v a p o r )  decreased o n l j  c.,od-,rateI.y a t  the  sz=e. s t a t ions  i n  the  2-4 h o u r s   p o s t  

s p r a y i n g  while p.2rac,uat, as noted p r e v i o u s l y ,  f e l l  off  dramatical-ly with 

time. Th i s  was r e f l e c t e d  a l so  in the DEF/paraquat raLio increase v i r h  time, 

Table X. Paraquat Residues  in Air Samples Co l l ec t ed  Downwind Dur ing   AI A p p l i c a t i o n  of 
0,1 kg/ha t o  C o t t o n  

10m ?i!d 56 ng 0.019 m 3 / m ~ n  6.75 nin 0.13 n 3  430.8 n g / a 3  1.0 d s e c  
50m Nh' 7 S O  1.26 6.75 8.50 88.2 1 .o 
31m s 656 1.24  11.6 14.38 - 45.6 1.0 

l6lm Sbf 9 18 1.54 21.7 33.5 27 -4  1.1 

70n S 193 0.02s 45.0 
lO0u N 38 0.028 12.7 
21Gn S 2000 1.40 28.9 

1.26 153.2 1.7 
0.31'3 105.6 1 .G 

40.4 49.5 1.7 

h':? a lso  de te rm ined  p a r a q u a t  i n  t h e , d u s t   g e n e r a t e d  dv r ing  h a r v e s t i n g  of 

s e e d  cotton. Air sanplers  wzre placed  or1 t h e  o u t s i d e  platform of  t h e  

h a r v e s t e r   a n d  i n s i d e  the cab i n  t h e  f r o n r .  corner opposite t h e  door wi th  the 

i n t a k e  i n  t h e  b r e a t h i n g  zone; t h e  samplers were ope ra t ed  for 4 hours .  Whllc 

m o s t   h a r v e s t e r s  operated in C a l f f o r n i c ~  have  enc losed  cabs,  i t  i s  f a i r l y  coninon 



The h i g h e s t   c o n c e n t r a t i o n s ,  in the r a n g e  /t75-1,200 ng / s3 ,  %ere recorded i n  
. I t  

sanples t a k e n  j u s t  o a t s i d e  the  harvester cab and i r i s i d ?  tlle cab when t h e  door  

was left open.  When t h e  cab door  was closed a c o n s i d e r a b l y  laxer 

ConcenCraTIon, 13.7 ng/m3, was reco rded  i n s i d e  t h e  cab, Thus, the h a r v e s t i n g  

C a l c u l s t i n g  from t h e  h i g h e s t  a i r  l eve l  of paraquat found  i n  the  harvest  

air, 1.2 pg/m3, and t h e   " l i g h t  t1ork" average mal-c h u m u  b r e a t h i n g  rate of 1.7 

o13/hr, t h e  mximua ex2osure for h z r v e s t e r  opera tors  i n  t h i s   s t u d y  by 

indicated t h a t  nez r ly  70% of t h e  harvcst: d u s t  :cas i n  t h e  r c s c i r a b l e  range. 

T h i s  also asswanes t h a t  a l l  of the paraquat  i n  t h e  d u s t  i s  b i o l o g i c a l l y  

ava i lab le ;  t h i s  i s  q u e s t i o n a b l e ,   s i n c e  paraquat i s  known t o  be tightl:? bourd 

d e p o s i t i o n  i n  t h e  u p p e r  r e s p i r a t o r y  t rac t ,  we c a i c u l a t e d  a n  exposure of 0.24 

circuastance f o r  h a r v e s t e r  operators  by i n h a l a t i o n  o r  o r a l  r o u t e s ,  either 

singly or i n   c o m b i n a t i o n ,  which would v i o l a t e  3 reasonafilc f a c t o r  of sclEety 

f r o a  a c u t e  o r  chronic t o x i c i t y  dr1t.a i n  l a b o r n t o r y  a n i ~ a l . ~ ,  althou:7,t l  



exposed i n d i v i d u a l s  m y  have, b2en overlookEd i n  t h e  p a s t .  

C o a s i d e r i n g   t h e   a n a l y t i c a l  f i c d i n z s  a n d   t o x i c i t y   d a t a   i n  the  l i t e r a t u r e ,  

i t  would seem p r u d e n t   t o  a d v i s e  t h a t  agr icu l rc ra l  workers and huaan r e s i d e n c e s  
*. 'I: 

n o t  be s i t u a t e d   w i t h i n  400 m),downr~ind of p a r a q u a t  s p r z y i n ~  o p e r a t i o n s ,  t7hich 

is i n  a2reemer.t w i t h  a recent EPA a d v i s o r y  o p i n i o n .  E u r i z g  h a r v e s t i n g ,  cab 

s ince  50 th  o p e r a t i o n s  w i l l  s u s t a n t i a l l y  reduce exposure to paraquat  in 

a i r b o r n e  d u s t .  A s  r e s i d u e s  of o t h e r   h a r v e s t  a i d  chemicals, such as DI.:F, nay 

b e  presesl t  i n  d e f o l i a t i o n   d r i f t  o r  h a r v e s t  air smples  311 zuch  h ighe r  l eve l s  

t h a n   p a r a q u a t ,   t h e   p r u d e n c e  of adop t iEg  such  s a f e t y   p r e c a u t i o n s  is re inforced.  

I n  this WRr3MP-supported p ro jecz  w e  d i d  n o t  u n d e r t a k e  a thorough worker- 

exposure s t u d y  amng applicators, mixcr - loadc r s ,   and  o t h e r  f i e l d   w o r k a r s .  A 

separa te ,  WRPL-\P-supported p r o j e c t  i s  now u n c i e r ~ a y  (1982-23) i n  which patch ,  

handrinse and a i r  samples  wers c o l l e c t e d  f r o 3  wcrkers L n v o i v e d  i n  p a r a q u a t  

a p p l i c a t i o n ;  the r e s u l t s  of t h i s   s t u d y ,  when comple t ed ,  w i l l  be g i v e n  i n  a 

s e p a r a t e  r epor t .  
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A .  Backgrocnd. 
. I I  

C a c o d y l i c  ecid (C,?) i s  ~n o r g a n o n e t a l l . i c  a r sen ica l  coupound used as a 

n o n - s e l e c t i v e  ~ o ~ t - e ~ r g e n c e  h e r b i c i d e .  Its p r i n c i p l e  use i n  C a l i f o r a i a  is as 

a c o t t o n   d e f o l i a n t .  B P C ~ U S C  r e s i d u e s  of CA aEter f i e l d   t r e a t m e n t   r e p r s s e n t  a 

p o t e n t i a l  h e a l t h  h a z a r d ,  i t  is dosireabl,? t o  d e v s l o p  a method f o r  a n a l y s i s  of  

this conpvur:d. The nethod should i n c l u d e  a scheme f o r  separat ing c a c o d y l i c  

The ionic n a t u r e ,  h i g h  wat3r s o l u b i l i t y ,   a n d  low v a p o r  pressure o f  these 

a c i d / s a l t  forms of arsenic  s u g g e s t  t h a t  a i r b o r n e   r e s i d u e s  will be  almost 

e n t f r e l y  associated w i t h  t h e  p a r t i c u l a t e  phase. 

These p r o p e r t i e s  also s u g g e s t  an ion  c h r o n a t o g r a p h y  a s  a method f o r  

s e p a r a t i n g   t h e s e  compounds. bong the p r e v i o u s l y  reported n e t h o d s  of a n a l y s i s  

of s p e c i f i c   a r s e n i c   c o n p o u n d s ,  two o f   t h e n  us;: h i g h - p e r f o r m a n c e   l i q u i d   a n i o n  

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

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

(Brinkman and  I r g o l i c ,  1980). T h i s  n e t h o d  does n o t  f u l l y  r e s o l v e   c a c o d y l i c  

acid f r o n  arsenite, a n d  arsenate i s  absorbed to   the   co lumn.   Woolson  and  

Ahranson (1980) r e p o r t e d  a s e p a r a t i o n  of all f o u r  arsenic coolpounds  using a 

Dionex polysEyrene-based weak nnfon exhange column.  Although a s a t i s f a c t o r y  

s e p a r a t i o n  was ac!lievcd, it  was v e r y  s e n s i t i v e  t o  t h e  s a l t  c o n t e n t  of 

32 



e;l..:ir(jrlrae1-,t.al samplzs bccat.\sc no buffcr  i s  used  in the   co lumn d u r i n g  t h e  first 

p a r t  of t h e   g r a d i e n t :  e iuCion.  These t w G  methods,  and n3re r s c e n i  

’ n o d i f i c o c i c n s  ( X o r i t a  e t  at.,, 1981; Iadevaia e t  a l . ,  1980; Chen Eng. I i s V s ,  
_I-- 

1981), enploy  f l a m e l e s s   a t o n i c   a b s o r p t i o n   s p e c t r o s c o p y   t o   d e t e c t  arsenic in 

i n  t h e  l i t e r a t u r e ,   b u t  u s i n g  a weak a n i o n  exhange XPLC, IC appears t h a t  it 

would b.3 p r e f e r a b l e  to use a wzak nilion exchange co1r:nn t h 3 t  a l l o w e d   t h e   u s e  

of i! b u f f e r  t o  s t a b i l i z e   t h e   i o n i c  s t r e n g t h  of t h e   s o l v e n t  dluring e l u t i o n ,  A 

p r i m a r y  a lky lan ino   co lumn was u s e f u l  in t h i s  r e s p e c t  because i t  has a lower 

exchange c s p a c i t y  Lhan a s t r o n g   a n i o n   e x c h a n g e  colurun, b u t  a higher on2 t h a n  

the   D io rex   co lumn.  F u r t h e m o r e ,  i t s  c a p h c i t y  i s  pH dependzn t .  Our work was 

three arsenic species of most  i n t e r e s t   ( c a c o d y l a t e ,  3k4AY ;zset?ite) wi th  2FAA 

de tecc i c in .  l ie d i d  n o t ,  however, a n a l y z e  f i e l d  a i r  sanples 

X. A n a l y t i c a l   P r o c e d u r e  

Reagents - S t a n d a r d   s o l u t i o n s  of the f o u r  arsenic conpounds were  made at 

concentrations of 50 pg/d i n   d e i o n i z e d  water. The eluting b u f f e r   f o r   t h e  

chromatography needed t o  be o n e   t h n t   d i d  no t  i n t e r f e r e  w i t h  t h e   g r a p h i t e  

furnzce a t o m i c  absorption a n a l y s i s .  hrnonium ace ta te  was f o u n d   t o  be 

s a t i s f a c t o r y .  ACS grade a m o n t u n  hydroxide,  ACS g r a d e  acetic a c i d ,  and Baker 

IlPLC grade water were used. The b u f f e r  was p r e p a r e d  by f i r s t  makin3 a ,005 hl 

NH4OAc s o l u t i o n  (pH=7),  a n d   t h e n   a d j u s t i n g  i t  t o  the desired pH by add ing  

a d d i t i o n a l  a ce t i c  ac id .  The b u f f e r s  were p r e p a r e d  at pFi’s ranging  f r o a  3 . 3  t o  

G.7. 
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Appara tus  - The an ion  exchange chroxa toz raphy  was p;..rformad u s i n 3  a 

Waters 30 CR p-Bondapa!; Ski2  c9lur:ln (10 In p a r t i c l e s ) .  ']:he pUr,lp W3S a PLL'LtGil 

. Roy minipunp o p e r t e d  a t  a flow ra te  of 1 nl /x in .  S a m p l e s  (20 p1 of i n d i v i d u a l  
. 4 %  

standards o r  m i x t u r e s   o f   s t a n d a r d s  were i n r r o d u c e d   i n t o  the colunu using a 

Rheodyne 7010 i n j e c t o r .   F r a c t i o n s  (1 ml) of  t h e  colv-lnn e f f l u e n t  were 

c o l l e c t e d  i n  1.5 ml polyeLhylen2 sample  cups u s i n g  an Isco ?iode1 1203 f r a c t i o n  

c o l l e c t o r .  

Fo r  a t o . a i c   a b s o r p t i o n ,  a Perkin-Elmer >!ode1 560 h t a u i c  A b s o r p t i o n  

Spec t ropho tomete r   equ ipped   w i th  a IIGA 2100 g r a p h i t e  ItrJrzmce and a ?!ode1 AS-I. 

Autosampler was g r a c i o u s l y  provided  f o r   o u r   u s 2  by P r o f z s s o r   U c h ? . r d  Burau. 

T ~ P  sample cups  from t h e   f r a c t i o n   c o l l e c t o r  were t r a n s f e r r e d  t o  the 

a u t o s a m p l e r   f o r  analysis .  The a u t o s a m p l e r   i n j e c t e d  20 LC. a l i q u o t s  from each 

sample c u p   i n t o   t h e   f u r n a c e .  The  a l i q u o t s  were d r i ed  at: 130°C f o r  15 secoI?:ls, 

charred a t  1200°C f o r  15 s e c o n d s ,  and  atoxi .zed a.t 2700°C f o r  15 S C C ~ ~ ~ S ,  u i c h  

the  furnace operating in t h e   i n t e r r u p t  mode w i t h  a r g o n  Fxrgs gas a t  33 

m l / m i n .  Tne peak arsenic  a b s o r b a n c e  was read d u r i n g  a 19 s e c o n d   i n t e g r a t i o n  

time a t  194 nm, w i t h  a s l i t  w i d t h  of 0.7 nm. An arsenic e l e c t r o d e l e s s  

d i s c h a r g e  lamp, o p e r a t e d  a t  9 wat t s ,  served as t h e  l i g h t  s o u r c e .  

C. >lethod  Development   Resul ts  

A r s e n a t e  i s  n o t   I n c l u d e d   i n  the f o 1 l o w i : l g   d i s c u s s i a a .  Work n o t  i n c l u d e d  

here has shown t h a t   a r s e n a t e  elutes e i t h e r  with o o n o n e t h y l a r s o n i c   a c i d  or  

l a t e r ,  and does n o t   i n t e r f e r e   w i t h  the e l u t i o n  of czcod;~J.ic a c i d .  

The pH of the  amonium ace ta t e  b u f f e r  was varfed fro13 3.3  to 6,7. A t  the  

u p p e r  pH limit, r e t e n t i o n  of the compounds was i n s u f f i c i e n t  t o  r e s o l v e  thcm. 

A t  pH 5.6, a r s e n i t e  was found t o  elute in Lhe void voI.u:;;?; as  b e f o r e ,   b u t  

c a c o d y l i c   a c i d  and monomathy1arso:lic ac id  w r e  ratainec! to some e x t e n t ,  aitd 



p e a k   e l u t i o n  occurred  i n   f r a c t L o n  15. Unfoc tuna teLy ,   t hey  were st i l l  

unresolved from each o t h e r .  A t  pH 4 . 7 ,  a l l  t h ree   conpounds  were well 

s e p a r a t e d  ( F i g u r e  3 ) .  Arsenate was s t i l l  e l u t e d  i n  the. v o i d   v o l u n e ,  cacoriylic 
. I \  

acid e l u t e d   s e c o n d ,   p e a k i n g  a t  f r a c t i o n  12 ,  follo:<ed by m o n o n e t h y l a r s o n i c  

acid, p e a k i n g   i n   f r a c t i o n  25, As t h e  p!l was lowered f u r t h e r ,   t h e  retention 

time of c a c o d y l i c   a c i d   d e c r e a s e d   w h i l e  tha t  of n o n o s e t h y l a r s o n i c   a c i d  

c o n t i n u e d  t o  incrc: ls? .  A t  pH 3 . 3 ,  b l M  became  adsorbed t o  t h e   c o l u n n ,  while CX 

e l u t e d   r i g h t   a f t e r  tile void volume. The c o m p l e t e   r e L e n t i o n  VS. pH p r o f i l e  i s  

shown f o r  t h e  th ree  compouncls i n  F i g u r e  4 .  

The s e p a r a t i o n  of the  t h r e e  compounds on the   VBondapak  ?:Hz c o l u n n  can 

o n l y  be p a r t i a l l y   e x p l a i n e d   u s i n g  the u s u a l   i o n  e:tcilanze a r g u n e n t s .  In  

a d d i t i o n   t o   i o n  'exchange b e h a v i o r ,  sone form of reverse-phase p a r t i t i o n  

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

a t t a c h e d   t o  alkyl c h a i n s  which p r o v i d e  a sonevilat hydrophobic s u f a c c  f o r  

p o s s i b l e  i n t e r a c t i o n s   w i t h   t h e  methyl g r o u p s  of CA and FLLI. A l s o ,  adsorption 

t o  expcjsed s i l i c a  in tlle co lunn   pack ing  i s  p o s s i b l e .  T h i s  ~ a y  be responsible 

f o r   t h e   b r o a d n e s s  of tile peaks obse rved .  

The   behav io r  of a r s e n i t e  i s  r e a d i l y   e x p l a i n e d .  It is  s e e n  t h a t  t h i s  

compound a lways  elutes i n  the void   vo lume.   S ince   the  pKa of a r s e n i t e  i s  9.2, 

i t  i s  u n f o n i z e d  at a l l  pEi's used i n  t h i s   s t u d y ,  and  no ion-exchange r e t e n t i o n  

would   be   expec ted .   Fur thermore ,  the conpound c o n t a i n s  no n e t h y l   g r o u p s ,  so 

p a r t i t i o n   t y p e  re tent ion wor;ld no& be e x p e c t e d   e i t h 2 r .  

The i n c r e a s i n g   r e t e n t i o n  of CA and'FliU  between pH 6.7 and 5.6 c a n  be 

e x p l a i n e d  by the pH dependance of the i on -exchange   capac i ty  of a p r imary  amino 

co lunn .  The  c o l u n n   c a p a c i t y  i s  i n c r e a s e d  as t h e  pl-! is lowered from 6.7 to 5.6, 

S i n c e   b o t h  C.2 a n d  ELL4 are  i o n i z e d  o v e r   n o s t  of t h i s  pH r a n g e ,   t h e   r e t c n t t o n  of 

t hese  conpounds  would b e  e x p e c t e d  t o  i n c r e s c  as t h e  pEi i s  lowered. 

35 
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p o s s i b l e   i n t e r a c t i o n s  with ti:e n e t h y l   g r o u 3 s  of CA anti  XAA. Also, a d s o r p t i o n  

t o  exposed s i l i c a  in t h e   c o l u m  packisg is p o s s i b l e .   T h i s  may be r e s p o n s i b l e  

fo r  t h e   b r o a d n e s s  o f  t he   peaks  observed. 

The b e h a v i o r  of arsenite i s  r e a d i l y   e x p l a i n e d .  It is  s e e n   t h a t   t h i s  

compound a l w a y s   e l u t e s  ir, the v o i d  vclume. S i n c e   t h e  pXa of a r s e n i t e  i s  9.2, 

i t  i s  u n i o n i z e d  a t  a11 pH's used i n   t h i s   s t u d y ,  and no i o n - e x c h a n g e   r e t e n t i o n  

w o u l d   b e   e x p e c t e d .   F u r t h e m o r e ,   t h e   c o n p o u n d   c o n t a i n s   n o   n e t h y l   g r o u p s ,  so 

p a r t i t i o n   t y p a   r e t e r r t i o n   w o u l d   n o t   b e   e x p e c t e d  e i ther .  

. 4 t  

The i n c r e a s i n g   r e t e n t i o n  of CA and >tkA between p 3  6.7 and. 5.6 can be 

e x p l a i n e d  by t h e  pH d e p e n d a n c e   o f   t h e   i o n - e x c h m g e   c a p a c i t y , o f  a pr imary  amino 

co lunn .  The column  capac i ty  i s  increased as the pI1 i s  lowered fron 6.7 t o  

5.6. S i n c e   b o t h  CA and 1tA.A are  i . on ized  over nost or' t h i s  p 3  range  , t he  

r e t e n t i o n  of these  conpounds  would be e x p e c t e d  t o  i n c r e s e  as  t h e  pH i s  

lowsred .  

At pH 5.6, CA i s  un ioc ized   (pSa  = 6.2), and   on ly  partitton t y p e   r e t e n t i o n  

(and possibly a d s o r p t i o n )  v o u l d  be  e x p e c t e d  t o  O C C U K ,  The decrczse  i n  

r e t e n t i o n  of t h i s  conpound as the pB is l o v e r e d  f r o m  5 . 6  t o  3 . 3  i s  p robab ly  

d u e   t o  the i n c r e a s i n g  acetate c o n c e n t r a t i o n  in t h e  b u f f e r .  

Monomethyl~arsonic  a d d  is i o n i z e d   u n t i l  t h e  pll of t h e   b u f f e r  i s  lowered 

b e l o w  its pKa of 3.8. Throughout   the   whole  range of pH's  used i n   t h i s   s t u d y ,  

the  r e t e n t i o n  of t h i s  compound i n c r e a s e d  as t h e   b u f f e r  yll xas  lowered, t o  t h e  

p o i n t   w h e r e  i t  was a d s o r b e d   t o   t h e  coluan a f t e r   t h e  pKa of the  conpound was 

c r o s s e d .  The r e a s o n  f o r  this b s h a v i o r  i.6 nDt a p p a r e n t .  

D. C o n c l u s i o n s  

A method has been deve loped  f o r  s e p a r a t i n g   c a c o d y l i c   a c i d  from o t h e r  

arsenical  compounds u s i n g  i o n  eschange   chromatography f o l l o w e d  by g r a p h i c e  



h o l s o n ,  E.A. and Aharonson;'  N. J. Assoc. Off. An.3.l. Chcn. =, 523-8 (1930) - 
Iadevaia, R., e t  al. J. Assoc. O f f .  Anal. Chela., 6 3 ,  742-6 (1980). - - 

This p r o j e c t  was u n d e r t a k e n  t o  assess a i r b o r n e   c o n c e n t r a t i o n s  of f a u r  

c o t t o n  harvest a i d  chesicals i n  and  around sitas of u s e ,  so that sone c s t h a t e  

c o u l d   b e  made of p o t e n t i a l  human exposures t o   a t n o s p h e r i c  residues OP these 

chemicals. 

For t h e  o rganophosphorus  defoliants DEF and Folex (nerphos), a msthod laas 

t 

deve loped  f o r  sampling and a n a l y z i n g  a i rbo rne  residues o f  t he  three. chemicals of 

i n t e r e s t  -- 3-r vn , b u t y l  rcercaptan, ana d i b u t y l  d i s u l f i d e .  Saapling was couddcct?_d 

at two f i e l d s  i n  the San Joaquirl  V a l l e y  t reated coxqsrcially hy a i r  wlth G9% o r  

Folex. Residues of UEF were found i n  most air s a a p l e s  collected  during s p t a y i n g  

w i t h i n  3SO m of t h e  fields whethe r  sprayed wi th  DEF or Folex  (maxinun, 6080 

g e n e r a l l y  much lower c o n c e n t r a t i o n s .  The o r i g i n  of post-spray airborne DEF was 

by v o l a t i l i z a t i o n  of D E F  d e p o s i t e d  from the sp ray ing  o p e r a t i o n ,  o r  f r o m  DSF 

formed  by   ox ida t ior :  of Folex d e p o s i t s  i n  the case of t h e   F o l e x - t r e a t e d  f i e l d .  

Air c o n c e n t r a t i o n s  of the odoriferous b u t y l   m s r c a p t a n  were gene ra l ly  h igher  in 

s a m p l e s   c o l l e c t e d   n e a r  the Folex treatmknt (maxinun 1576 n g / n 3 )  than  near the  
.. - .-. . -.- - 

c o n t e n t  of t e c h n i c a l  Folex, the f o r n a t i o n  of b u t y l  aercapran when Folex 

formt.l lation i s  d i l u t e d   w i t h  water, and t h e   f u r t h e r   f o r n a t i o n  of b u t y l  E e r c a p t a n  

when F o l e x  residucs are  wea the red .  The b u t y l  nercaptan-3ssoctatcd o d o r  prohlen 

3 9  



the i o r m u . l a t i o c ,  Fo r  FOlc:<, a d d i t i o n a l  r e s e a r c h  i s  needed i n t ~  ways t o   n t n i : u i z e  

formation cf mercap tan  when tile f o r c u l a L i o 9  i s  added  t o  water i n  t h e  s2ra.y 
# t  

tank. T h e   d i s c o n f o r t  t o  s e n s i t i v e  i n d i , v i d u a l s  f r o n  i n h a l i n g   i r 2 r c a p t a n  vapors  is 

ilorkday e x p o s u r e s  f o r  m i x e r - l o a d z r s ,  flaggcrs, and ground r i S  o p z r a t i o n s ,  aga in  

p r i n c i p a l l y  by d e m a l  cont.’lct, were frequently near 1 mg/kg/vorkday ( n o t  

accour?.tir?g f o r  d c r a s l  a b s o r p t i o v   e f f i c i e n c y ) - - a  l e - r e l  close to aad perhap; i n  

slight e:zcess of t h e  no  observed e f f e c t  l e v c l  i n  hens.  While neu ro tox ic .  

esterase d e p r e s s i o n  was observed i n  these w o r k e r s ,  there was no d e t e c t a b l e  

s u b c l i n i c a l  o r  e l . e c t r o p h y s i o l o g i c   e f f e c t 6  oc t h e i r   p e r i p h e r a l  n e r v o u s  sys t ta .  

We c o n c l u d e  that noma1  wor i rp luce  ccntact  w i t h  DEF is belox  the t h r e s h o l d  l eve l  

f o r  de l ayed  n e u r o t . o s i c i t y  in humans, a l t h o u g h  t h e  nargin of s a f e t y  i s  a p p a r e n t l y  

fair1.y l o w .  FurLher r e s e a r c h  i s  needed i n  ways to d e c r e a s e  esposurc l e v e l s ,  

perhaps by p r o t e c t i v e  cL(>t.hi.ilG, ami tluls increase the I;,ar:;in of s a f e t y .  



i n  resilne Loth  with r',ist;ance from t h e   f i e l d   d u r i n g   s p r a y i n g  and w i t h  time 

fol. lowing sp ray ing .  It. vas e s t i m a t e d  t h a t  i n c o n s @ q u e n t i a l   l e v e l s  of p a r a q u a t  

((20 ng /a3 )  e x i s t  in the a i r  400 r! o r  more  downwind from a f i e l d  d u r i n g  s p r a y i n g ,  

We also found  s u r p r i s i n g l y   h i g h   c o n c e n t r a t i o n s  of p a r a q u a t  in t h e  a i r  t o  which 

o p a r a t 9 r s  ~ ~ r e  p o c e n t i a l l y   e s p o s e d   d u r i n g   t h e   h a r v e s t i n g  o f  c o t t o n   p r e v i o u s l y  

t r e a t e d  wich pa raqua t .  %he  h i g h e s t   c o n c e n t r a t i o n s  i n  t h i s  case were 470-1200 

ng/m3, arg~;i.ng f o r  e n f o r c i n g  t h e  use  of e n c l o s e d   c a b s  i n  the h a r v e s t i n g   o p 2 r a -  

tion. tio-iever, even a t  these naximua  exposure l eve ls ,  c a l c u l a t e d  8 h r  e x p o s u r e s  

were f a r  belay t h e  TLV f o r   p a r e q u a t   f o r   h a r v e s t   o p e r a t o r s r  More r e s e a r c h  is 

rAeeded on t h e  l o n g  t c r x  effec ' i  of  b r e a t h i n g  d u s t  c o o t a m i n a t e d  wi th  p a r a q u a t  (and  

othsr chemica1.s  of l o n g  residual l i f e t i n e s  a p p l i e d  t o  cotto:?), p a r t t c u l a r l y  among 

i n d i v i d u a l s  wit11 a h i s t o r y  of respiratory a i l n e n t s  who a re  engaged i n  t h e   h a r v e s -  

ting a x !  g i n z i n g  of cottcjn.  

.. 

For  the a r s e n i c a l   d e f o l i a n t   c a c c d y l i c   a c i d ,  a method was d e v e l o p e d  f o r  

r e s o l v i n g  c a c o d y l i c  a c i d ,  m o n o n e t h y l a r s o n a t e ,   a r s e n a t e ,  and a r sen i t e  by ion- 

exchang?   ch roca tog r sphy ,  and t h e i r   d e t e c t i o n  by g r a p h i t e - f u r n a c e   a t o m i c  abso rp -  

t i o n   s p e c r r o s c o p y .  The rt;ethxl w 3 s  p o t e n t i a l l y   a p p l i c a b l e  t o  alt samples 

c o l l e c t e d  w a r  c a c o d y l a t e - t r e a t e d   c o t t o n  f i e l d s .  However, t h i s  v e r y  l abo r ious  

ne thod  was n o t   a p p l i e d   t o  f i e l d  sam?l~cs b e c a u s e   t h e  sanplcs col lected f o r   t h i s  

pu rpose  were o u t d a t e d  by t h e  end of t h e  l e n g t h y  method development per iod .  

C o n s i d e r i n g  t h e  i n c r e a s i n g   u s e  of c a c o d y l a t e s  i n  C a l i f o r n i a ,  and t h e i r  relativzly 

h i g h  r a t e s  of a p p l i c a t i o n   t o   c o ~ t o n  ( 2 - 4  X t h a t  of pa raqua t ) ,  f u r t h e r  research 

s h o u l d  be  done   on   cacody la t e  a j . rborne residues a s s o c i a t e d  w i t h  the treatrr:ent, 


