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This projact was underzaken to assess alrborne concentrations ol Iouv
cotion harvest aid chemicals ia and around sites of use
could be made of potential human exposures to atmospheric residues of these

chenicals., Tor the organophosphorus defoliants DEF and Fole:, the principal

dovnwiad airborne residue of toxicological concern is butyl wercaptan, z
formulation impurity of both defoliants and a bysroduct of the oxidatlon of

Folex in the spray nils and in fizld residues,

effects Irom worker euposura to

o3
workavs engaged in ap2lying Dir.

worker exposure to DTF was below the threshold for conset of delayed

n humna

e

13

neurotoxicity 5, the marzian of safety was considered to ba inadequates
unless use of protective clothing and other safeguards was enlorced,

airborne levels of paraguat declined rapidly beoth with distance during

spraving and with tice following spraying
1

cotton, reaching inconsequential leve b
and at all downwind sites within an hour after spraying was completad. An

unanticipated rasult of cur study was that paraquat levels in the air
surrouvading a cotton harvester wara comparable in concentration Lo tuose just
downwind from a spraved field Thege residuss, generated {rom paraguat
remaining ou the coitcon plants at harvest, er: of sufficient magnituda to
argue for the required use of enclosed cab harvesters, Turther research is
needed on the nature azad magnitude ol airborne rasidues of paraquat 2nd other
residual chemicals-—~and human euposures Lo then~—durine: the harvestiny and

ginning of cotton.

&

Yor DEF, Folex, paraquat, and cacodylates nmethods weve developed for the
sampling and analysis of airborne residues at low concentvations to mear the
objectives of this project. For cacodylates, the method requirements ware

only partly mer and no analyses of field samples were couducted,
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I, IuTROLUCTIOH

Substantial quantities of “"harvest aid” chemicals are applied each year
to cotron grown in California, The accompanying table (Table I) shows that
DEF (S§,5,S~tributylshosphorotrithioate) is generally used in largest
quanfities, followed by paraquat, Folex (merphos, §,S,S-tributylphosphorotri-
thioite), and cacodylic acid - sodium cacodylate mixture (Bolls-eye).

Table 1. Reportad Your Harvest Aid Chewmicals on Cotton in Califorania,

1978 -1961.

Sodium Cacodylate

DEY . Folex Paraquat CacodVT Z Acid
1bs. ¥ acraesi< 1lbs. acres lbs. acres lhs. acres
1378 840 491 13 10 136 1018 ' 79 : 112
1379 1279 733 421 238 281 1554 198 307
1983 745 434 56 34 228 1075 151 233

1581 €38 455 208 114 377 1236 26 35

K OFrenvice an n /2000
The application of cotton harvest aids is somewhat unique in that use is

entirely within a very shert time in the late Fall (October-tovember), and is

limited to the major cotion growing areas in the southern Saun Joaquin Valle

4

and Imperial Valley,

There is increasing ccncern regarding side-effect exposures to these
chemicals among sprayers—applicators, faym workers, and other bystanders or
nearby dwellers in and near heavy use areas. For example, cach year during
the defoliation season cowplaints are received by local health and agricul-
tural agents déscribtng headache-nauseca-resplratory symptons, mostly in

connection with nearby applications of the odoriferous DEF-Folex defollants,



Recant researcn findings of delayed neourotoxic respoases froa chronic exposure
to DUEF rmay give substance to the coacerns exoressed by citlzens over leosg-tern
hazards resulting from exposurs. It appears that both short—term (nausea) and
b P S
. it -
long-tern (respiratory/neurotoxicity) exposuraf/effects need to be considered,
In connection with paraquat, uwo regular complaints of illness are received,
although sporadic reports of damage to ornamental plaants have been forth-
coming, It is also suspectzd that inhaled paraquat may causa or azgravat
chironic respiratory disecses zwmong persone ian high exposure vork categories,
As the previous ewamples illustrate, ceoucerns to date imply that

"
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Injurious levals of airborne residues exist In several potentia

T
O
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in this state, Mowever, uo systematic experimental study has been
ascertain whethar or not ths iwmplication has a basis in reality. Considering
the apparent need for harvest ald chemicals of the type described--a

consequance oOf
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the way in which cetton is havvested in this state——and the

appa

Tt
fmt

sen ack of guitable substitutes, it seemed appropriate that such a study

o

be undertaken. This was spurred by the presence of all four of the oxganie
harvest—~ald chewmicals on the "Current List (as of april 1978) of RPAR
Candidates.” Should several or all of these chemicals be lost to cotton
producers in a short period of tiwe, the effects could vastly zalter the

current marginally positive economic status of cotton as a major crop in

3
California (California rauks second amnng the states in lint production). A
major concern of EPA officials involved in the RPAR process has to do with the
magnitude of airborne residues for poteintial human exposure,

This project was undertaken to assess airborne levels of the four harvest
aid chenlcals in and around sites of use, so that some estimate of human

exposure resulting from contact with these airborne residues could be rade.

Much of the wotrk involved development of analytical methods, as no suitable



mathads existed previously. In tha case of DIF and Folex, systematic
measurenents of mixer—loader—applicator exposure by both dermial and ianhalation

routes were made in two separate studies supported by other funds, in addition

to the survelllance of airborue residues dorve In connection with this
project. Results of thesa studies are included in this report., In the case
of paraquat, a systezmatlc measurenent of nizer-loadear—applicator eiposure is

now underway in our laboratory in a separate study supported by other WRPIAP

~d

funds. Cnly the surveillance of airborne paraquat residues done in coanecticn

with this project are reported here, For cacodylate, we pursued chs

analytizal method development with some success, but field-collectzd air
sanples wers outdated and/or lost by the time the method developnant was

completed, Thus, only the analytical methed development is reported herz. In
short, the project objectives wera basically rsalized for DEF, Folex, and
paraguat, but only partly so for ceacodylartes,

The report is organized by chemical, EF and Folex results are reporied
together as these two compounds are closely related chemically and, in fact,

Folex is converted £o DEF partially in the spray mix and completely followving

formation gathered for DEL,

]

raleases to the environment. Because much of the in
rolex, and paraquat has been published, this report will defer to the

publications rathar than repeat verbatim Information presented in then,

A,  Background
The organophosphorus compounds DEF (S,S,S-tributylphosphorotrithiocate)
and Folex (wmerphos, $,5,S-tributylphoesphorotrithioite) are two of the najor

defoliants used ia the U.S, as cotton harvest aids. The use of these



chiemicals has elicited complaints of headache, nausea, and raspiratovy
distress froa naarby vegidents during the defoliation seasoa in Arizona and
California, dus apparcncly to the odots associated with the defoliation
’ A
treatmen The odors are considered to arise froa the prasence in the air of
F=4

didutyl disulfide and butyl mercaptan, both of which are foraulation

jwpuritices and potential environceatal conversion producte ¢f the parent
defoliants,

For the determinatioa of airborne levels of sulfur-countaining compounds
v} l

use of organcphosnhorus dafoliants, wethods wer ggulred
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for sempling and analyziag DEY, dibutyl disullids, and butyl wercaptan at low

Since merpucs forns DEY rvathar rapidly by

o

oxidation in water and aiv, thera was no need for a separate method for
rphos assay.
In addition to the odor problem, there is increasing concern regarding
the safe use of DEF and marphos because they produce a delayed neurostoxnicit
in hens., However, there is presently no dozumentation of acute or delazyed
neurotoxicity in humans when these two chemicals are used according to
reconmnendations. In order to gather such information, we obtained mixer—
loader—-applicator exposuve data 1n two ssparate field trials. In one trial,
carried out with Dr. Barry Wilson, an animal mcdel (scaleless chickan) was
employed in the field to see 1f deolayed neurotoxicity would occur in the
animals under field uvse (and exposure) ceonditions, In the second trial,
carried out in cellaboraticn with Drs, Charles Becker and Marcello Lotti at
UCSF, field workers were monitored to see if eunzymatic and behavorial changes

associated with delayed neurotoxicity would occur in humans under f{ield

conditions.
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R, Analyviical Method Davelopnent

A nmethod was developad for simultancously trapping alrborne S,S5,8-

tributylphosphorotrithicate (DET), di-n-butyl dis ide, and n-butyl mercaptan
by accumulative sampling through a two-stage, hlgh-volurme sampler. The

upstream sompling stage, consisting of XAD-4 resin, quanticatively trapped DET
p (g » =g > e

and dibutyl disulfide; postsampling extraction with ethyl ether, cleanup
ti311 column for dibutyl disulfide, and element-selective

of 817 for
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;ie led to method racove
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DEF and 1077% for dibutyl disulfide at spiking levals corresponding to ca. 80
ng/mB, Estimated detection limits were 0.1 for DEF and l.O‘ng/m3 for dibutyl
disulfide, The downstrean saapling stage, counsisting of mercuric acetalte-
21, trapped butyl mercaptan as a mercaptficde salt;

nercaptan was re

2T
(&

enerated through a postsampling workup consisting of
I p

treatment with hydrochloric acid and extraction with olefin-free pentane,

Analysis of the pentane phase by element-selective GLC led to gquantitation of
butyl mercaptan alt spiking levels corresponding to a detection limit of ca, 1

ng/v with an covsrall recovery of 65%. The methods were tested for sampling
airborne levels cf the three chemicals in the vicianity of cotton defoliation
treatrents, A complate report of this method is in a publication by Hermann

and Seibesr, 1981, artached to this report.

C. Field Mdnitoring of Alrborne Levels of DEF, Butyl Mercaptan, and Butyl
Disulfide--The Cdor Problen,
The illness and nuisance reports associated with DEF/merphos and their
use are conslstent with the drift of noxious odors as vapors away from the
site, The magSLCude of the vapor pressures of DEF, wmerphos, butyl disulfide

and butyl mercaptan, aund the presence of the latter as formulation impurities



y volatiline after spraving also point towurd vapsr phase

)

transport as imnortant to the etiology of thoe problem. Thus, the field study

priwmarily involved monitoring atmospheric residues frow commercial air
LAl

applicacions, Three commercial air applications were follewed, two with DEF

g

and one with uerphos, All sites were owned and oparated by Southlake TFaims,

[

Incorporated, in Kings County, California, Useful informatlon was obtained

for two of these applications, cone each with DEF and merphos. In conjunction

£y .

with the air sempling, follage sauples were takea to measure the defo
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dissipaticn in the field. Mylar sheets were also placad in the f£i

sampled over time to measure loss due to evaportion.

o

amples collected 50 m northwest of the field during spraying gsawve L1E9,
2.21 and 14.5 ng/m3 for DEF, dibutyl disulficde, and butyl mercaptan,

pondirg values for the 24 h posttreatment saaples
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respectively, w g

vere 450, 0,52, and 3.5 ng/m3 (Teble 1Y), Besiduas cf DED (24 ng/ma) wers

detected at 72 h posttreatment at the samz sampling site. ¥Ho noticezable

interferences were visible at these concentration levaels. A GLC peak

corresponding to DEF in the pretreatment sanple represents ca. 10 ng/m3 ¢i DEF
! £

from spraying of the defoliant zt other locaticns in the general vicinity of

the study field. 'There was no clear pattern of airborne residue
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concentrations of the three chenmicals collected at elght sampling sites
proximate vicinity of the study fiald for up to 4 days posttreatment. This
nay be due in part to variations in wind speed and direction during the 4-day
period. Maximum residues were as followg: DEF, 1243 ng/m3, 350 & southwest
of field, during treatment; dibutyl disulfide, 2.5 ng/m3, 350 @ north of
field, 24 h posttreatment; and butyl mercaptan, 167 ng/w3, 100 w north of

field, 24 b posttreatment., The majority of the samples contalned much lower

air residues than these maxinmum values.
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Analyses conzictad similarly at a second cotton fi:ld treated with

—_
o

nerphos gove sonewnaib comvirable results, except that the naxiaun levels of

, .. mnorth of field, duriag trecatment) and butyl wercaptan

Fal
{1576 ng/m3, 1C = soucth of field, 2 h postircatment) wers greatar than those
recorded near the DJEF-trzated field,

Cowmplete results of air levels associated with these two trezatments are
in Tables II and 1I1, taken from Chapter 5 of tha Ph,D. thesis ¢ Dr. Bruce
ermaan (Chanter > is attached as an appendix tc this rsport). One clear

result of the stuzy was fual wercaptan air levels at the wmerpnos application

1

were higher than 2zt the DEF application site, above 1.5 Lw/ﬂ3 2 hours afrteg
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zan lzvels did drep o rapidly, and by the third day

spra Tha meTca
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bility tc detect thez chemical (<0.05 ng/a° ). A
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were at or below <o

N

mercantan air levsl of 1.5 yg/=3 (0.4 ppt) is above the oder—-threshold lavel,

An analysis 27 the tank mix (Table IV) shows thai a possibla reascn forx
the higher mercantan level at the merphos 2pplication site 1s that the
. mercaptan leval in the merphos tank mix is over 10 times that of the DUYF

formulation, Additicrnally, most of the merphos had already been couverted to
A ] k
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o
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DEF in the tank wmix bz2fore spraying occur

n in the werphos tan

W

The question arcse as to the source of the wercapts
mix. Analysis of another merphos formulation (the comnercizal defoliant before

and other sprav adjuvants) showed levels of
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mercaptan well bzlow C.1% prlor to mixing. Therefore, we either sprayed a
serphos formulacizn that had an unusually high mercaptan content, or mercaptan
was being generatz=c: in the tank,

In addition <o demonscrating the rapia couversion otf merphos to DEF in

the vapor form, w2 showed that werphos in 2 cemmercial rovmulation mixed with

10



Table | I.

"

3 Ly s 3 N 3 7~ . . .
Air Residues (ng/m®) collected at DEF Application Site.

SAMPLING PEALGHD

Lay © Day 1 Day 2 Doy 3 Day 4
Station Cosound 2:00 &:1) £:20 2:G9 2:c%  2:00 £:09 2:09 £:00 2:C0
R 8 : o o ’ . b s,
10=03 Def 1019 711 — 483 368 95 5% _— ty 549
BuSS:u Tr [ 24 ¢ o] 0 [¢] O ty o] [a}
BuS: tr tr 0 o] 0 [¢] 13 (54 — [+]
502000 Def 189 575 5 - Aso 17 13 &4 24 6.1 —
BuSiza 2,21 2.25 0.703) 0.524% 0.45 (4] (3] tr —
BusHd 145.5  1%.3 .3 3.5 3.0 4] tr —
100=t Dt 1 37 59 75 3L ee — 7 - 2
Bu552u tr (34 0.63 O o) — T g
Busd tT tr 167 (5] [¢] - -— [ ¢] —_—
crh
350my Daf — — 70 10 160 12 — — 30
BuS33u — — 0.1%  2.53 0. tr — — e
EuS= _— — 1 27 0 tr _— — tx
250a2 Def .137 245 77 41 2 tT 165 135 36
Bu352u tr L.3§ 0 ] R o 0
PuSH tr 23 ] 0 o 0 0 0
50237 Det ns - —_ - _ —_
BuSS2u 0.13 — - _— — - - - — —
BuSH 1.8 —_ — — — — — — — _
5(:.5-1'1 . Def -—_ — -— 337 20 - 260 62 19 113
BuSS3y — — - tr (4] 0.79 o 4] 0.4
BuSH —_ —_ — tve o] —_— ] "72
~ b ) ., .
I50=5% Tef 1233 174 — 2> 37 0.3 37 30 1z —
BuS524 0.43 tr - te 133 33 0 0,11
BusSH 4.2 (34 [} 0 tr tc tr 4] s} 1.2

ILOVOI Saaplec

hHl\'OI Saapler

Sazpla vent to dryn-aa durfng

connentratlon

a
Sample wat etaken ov loat duclug erziactilon

trace (-0.05:\3/4::]. <J. lr‘;;,'u]) .

“no prak pern ('-0.0'm;,/r’))

enclltable peak (2 X basellune noluv) seen, but not quantitadble,

11




Table

1LI. 2t terphos Application 3ite.
Sampling Peciod
[‘I\‘/ o} Day 1 Tay 2 Loy 3 Lay 4
STATION Compourd 2:60 0 4:0) £o 2:00 B:CO 2:C3 8:C3  2:G0 E:63 z:L3
10at Def 663 2534 €7 — 421 - ~~ - 123 2z
BuS5au o 0 — o — —_— — o
PuSH te tr - tr —_— ~ - fe} o
i)
50 Def 457 34 22 — 54 157 150 132 £4 2
PuSS3u 4] o] _— - L2 o] o] 0 o) o]
Bu3H 10.1 12.2 1.5 — 1.5 - 3.6 s} 3} o]
i N
164 Def 6030 —_ -— — _— — — — — _—
JATRRTEY tT — -— — _— e — —_— — —_
Busil — — — —_— — — -~ - — —_—
sest Dot . — 29 - 203 — 1 18 135 7E3
EuSS3a — - tr — Ter - ) ) 5
BusH — — — — - — — — — —
5 .
10625 Def 1321 1047 57 —_ — 47 63 - 171 2
‘ BuSSBa 0 .7 A — - 0 -— 0
BuSH 27.5 1576 0.3 — - 1.0 1.0 -— .8 1
h } . .
C.5a Def 137 4 12 — 15 Ly 56 §
BuSSZu o o 0 - c 0 o o
BuSi 1.6 1.2 tr e 1.4 2.0 [}
n . .
0.5zt Def 201 4 3 —_— - 33 2 39 41 _—
2u38Bu ] 0 — _— 0 ] —
BuSH 0 o o 1.2 -— 0
‘e 1 ; R
Fleld (u) Dok - — —_ 632 -— 253 — 160 301 151
- BuSsS3u — -— - — — tr — o] 0 o]
BuSH — — —_— 32 — - ] 133 s} o
1
¥leld (L) -  Def _ — —_ L1 - 19 — 1 S0 12
BuSS2u —_— — - te — 4] — . tr o
- FusH — -— — 351 -— 4] - rc Is)

12



Table IV, Defolinnt Formulation Analysis
Devil’s Den DEF 6 ey phos
Component (Treatment #1) (Traatzent #3)
Yolex “o o= 4,15 ng/al (25.0%)

DEF

3.0 my/ml (94,47%) 10.3 ry/ml {(69.6%)

BuSS2u 1.35 wz/wl (5.54%) 0.156 mz/ml 1,038%)

BuSi G.024 ng/ul (0.107) 0.1C9 mg/unl (1.32%)

water (simulated tank mixz) has a half life of clceven hours in the light and
that an important aspzct of this photooxzidative reaction is that two of the
products of side reoactions are butyl mervcopten and butyl disulfide, In fact,

in the photooxidation reacticns that we ran in the lakoratery in alr and in a

siwvul

when

nerph
terni
insta
the t
colle

heada

esting that much of the merphos in the tank mix was couverted to DETF 5
5

ated tank wmix, the level of wercaptan increased from C. 08X to over 4%
the reacticn wenh te cunrletion. In the dar% control 2erphos tank mix

. N

8% of the nerphcs was converted to DEF at the end of the experiment,

S
et
(’\

(“1'

o4 in the

(D

Z

‘

ed to light and air duving sampling and storage, refl
tion shown in Table IV. Levels of DIV and mercapian were probably lower

actually spraved,

o5 applicatica and were veaching theiv highest levels alter the

nation of the 4:00 p.a. saupling period on the day of spraying. The

ntaneous levels actually reached ¢ have been much greater than those of

3]
[
o~

ime averaged values. These emissions gave us a strong headache while
cting the ailr and foliage samples at the 4:00 p.m. sampling This

clie was eased after leaving the application site.



Another clear result of our study was that the prisary losc of DEF and

of which ocecurs 2-

jons
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merphos from treated surfaces is by cevaporation, about
6 doys after treatmant. This is in addition to evaporative loss=s from the

i
spray droplets and drift of small droplets themsalves which coustitute the
source of atmosphevic eatry during spraying. For examnle, lerf samples showed

a rapid drop durinz the first slow
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loss during days 2-4, with another rapid drop at day & (Fizure 12. Overall,
the half-life was appreximately 4-5 days. In countrast, ths mylars sheets
showad a steady dzcline during the euntire sampling perioed, but the estimated

1

half-iife was comparaeble to that for leaves. Th
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by evaporative losses, since Dz, Hermann had shown DEF to ba unaffected by any
photodegradative or hydrolytic processes. The more ranid loss of DEF in the
plant tissues during the first 2 days could be due to mnetabolic breakdown of
the chenical., This is to be eupected since DEF causes paysiological ¢
(defoliation) in th= plant, showing that it has Indeed pemelrated the leaf
tissuve. The slow loss rate during days 2-4 reflect tixat DEF is mot on the
leaf curface where it would be subject to repid evaporative leoss, but is
rather inside the leaf for the nmost part. The large <Jrop in the day 8

uee

o8
w

resi is due to pling discrimination. The leavers of the cotron plants
bezin to drop off on day 4, so that by day 8 the leaves remaiaing on the plant
arsa ths‘ which did not receive an effective defolliant dose.

hen the vapor pressure of DEF is considered togs ther with the counditions

and rethod of application, the atmosphere is indicated to bz a major loss

route from the field, especially during

[

and for several days following,
application. The defoliants are sprayed onto the fieluls during warm weather
so that nuch of the chemlcal is vaporized before hittirnyg the leaves. This
vaporization was demonstrated by examining the DEF (ve iatile) to paragnat

(nonvolatile) ratio of a sample taken fromw a defoliant tank mix contalning

14
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Figure 1, pef® loss from cotton foliage (Treatment #1, n = 3).
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these two chemicals and comraring that vatio with ratios 1
& w

during apnlication of the mixture (Table V). Since parvaquat is noavolatil

its residuves could enly be the result of particualate drift, vhile the RIF

contributed to by veporized material., The net rasult
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residues werea

higher DLF/para
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P . FUR se Ymd peen v B . L Ny ey
mixture. The matecial that hits the targat ds still subject to vaporlizartion

being expozed on the lea

absorption inte tha

uat ratios in all of the alr samples than oxistaed in spray

and wmarphos would not be expected to give rise to significantly different 1
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especizlly during thae harves! process, would provide other wmajor loss roubes
to the atmospherae., Tharefore, atmospheric residues for DENF and wmerphos
applications can be a concern when seeking to ensure the welfare of nearby
residents,

Table V. DEF and Paraquat Collected by Same Sauwplers (Devil's Den)
Time of Samplin o ‘ iF T ‘ Paraquat’ o Ratio

10m WW

During spray 3,700 ng 56 ng
24 hr poest-soray 2,600 <10 >2

50n b '
During spras: 179,900 750 2
2-4 hr post-spray 87,000 <10 >8,7

€6
60

40
00

DEF/Puaraquat ratio in spray wuix was 18.
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Howaver, the fieold resuits sugpest that these defoliants are a small, it

not a negligible, threat to the health of residents in the area, The airborae

y
levels, even during application, were well below toxic threshold levels, The
highest LET level obained (1.3 Lg/m3) is, for example, much lower than the 7L
value for parathion (0.1 mg/m3), With the enception of an improper
application, a prolonged period of atmospheric iInversion during tha
defoliation seasnn repreéents the nmost likgly environzental circumstance which

N

could markedly altar ambient exposure, During the defoliation season (QOctober
—~ November) the dominant atmosphere is calwm, These cala conditions causc the
heavy fogs and inversious that blanket the San Joaquin Valley during the
October — tovember defoliation season., These inversions foster a high
atmospheric concentration of chemnicals with the formation of slow moving drift
clouds, and do not promote efficient disparsal of compounds volatilized from

the application site.

5 a4 more serious

e

The risk to the comfort of people in the area
problen. These defoliants, along with other organophosphorus compounds, give
cffensive odors. In the cas= of DEF and marphos, this odor is mostly from
butyl mevcaptan, One company (lobay) has mitigated this problem by lowering
the mercaptan content in the DEF formulaticn, and our results show that
additional marcaptan 1s not formed to any great extent from DEF in the tank
mix or following application in the field. Another company {(Mobil) has done
the sanme with merphos; however, this formulation still produces significant
guantities of marcaptan Japurity as a side preduct during its oxidation to
DEF, both in the tank mix and under field conditlons. Thus, unless the
oxlidation, or at least this side reaction, can be prevented applicatilcns of

merphos will continue to be accompanied by the odor of mercaptan.
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applicators can help to alleviate the nulsance of defoliant smells by

<

3

oy
v

Tha
Jinmiting sprays to the morning or early afternoon hours. The time when thig
area benefits froi a breeze 1s during the afterncon hours. This breeze would

. .4 .
help to dispzrse the mercaptan odor bafore it can build up to nuisance

iy

levels, When eprays are done in the evening or in the night under quiet
atmospneric conditions, the vapors concentrarte within a few feet of the ground
and slowly move out into the surrounding area,

Belng of low acute toxicity has not kept DEF and nerphos from being
surrounded by controversy. ~Public pressure has caused increasingly strict
government regulations on their use and caused some farmers to switch to other

afoliants such as sodium chlorate or the cacodylates.

One reason for the controversy stems from the high profile of the
compounds. They. are comsistently among the most heavily used agricultural
chemicals both in tavms of pounds applied and acrzage. Their usa is limited
to a concentrated area and a few weeks during the year, so that any disccmfort
caused by their applicatilon is intensified., The adverse weathar conditions
under which they are applied and the accompanying malodorous formulation
components have been previously described,

A second factor is the influx of people into the San Joaquin V%lley,

This area, like nost of California, is being subdivided and urbanized,
increasing the potential for human expcsure, A large proportion of these
people are unfamiliar with the use of agricultural chemicals, and become
alarmed when crop dusters take to the sky, or the air takes on an unfamiliar

and disagreeable odor.
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D. Use of a Test Animal to Assess Exposure to apnd Neurotoxic Effects from DEF
One approach to assessing the hazard of a chemical in the human workplace

environnent 1is to place a §%?sitive test animal in that eaviromment alongside

humans engaged in their normal work activities. This approach was used to

find out whether the delayed neurotoxicity produced by DEF in the laboratory

would cccur under real exposure conditions in the field. Scaleless chickens

(..
Lo,
e
=
o

-

were put into cotton fields, exposing thza to DEF during its applicati
ground rig, and observiag them for signs ;f ataxia and other injury. A
complete raport of this study is in Wilson et al., (1980) and in Wilson et al,
(1982), reprints of which are appended to this report.

The applicator intercepted significant residues of DEF on all outside
surfaces of his coveralls, Values ou;;ide the coveralls were as high as 250~
260 ug/cm2 (on the sleeves), with most coverall values in the 20-100 Lg/cmz
for sleeves, shoulders, chest, thighs, and legs for the 7 hour duration of the
field test. Exposure values inside the garment ranged from 1 to 7 ug/cm?2,

DEF levels measured in the air and on the surfaces of fallout collectors
during the 7 hr exposure level suggested that the major route of human
exposure was dermal rather than by inhalation,

Chickens were exposed by placing them on the spray rig near the
applicator, where a dermal exposure of 47.8 pg/cm2 was achieved, in the rows
of cotton where they received direct sprays of DEF, and at several sites to
one side of the spray area (Table VI). 1In addition, some birds were exposed
to direct sprays repeatedly. There was’a log~linear relationship between
dermal dose and cholinestease inhibition, Indicating that not only were the
birds exposed but that they actually absorbed the toxicant. However, upon

observing the birds for 30 days after the trial ended, none exhibited ataxia

or other behavicral signs of delayed neurotoxicity. This series of
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Table VI. DEF Exposures and Scaleless Chicken Cholinesterase Levels?

DEF

_ CHE
Group Site v/ em? o /nd nmole/min/ml
OFF 400 m, off site 0.0017 0.11 413
ON 50 m, open road 0.04 6.2 300
ADJ 10 m, in cotton 0.0092 - 360
ROW In sprayed cotton 4,4 - 251
ROW In sprayed cotton 17.7 - 180
[RIG On spray rig 47.8 13.8 299]

Estimated exposure — dermal % 100

2 yilson et al. 19890

~experiments showed that field exposure of groundrig applicators under normal
conditicas of use was probably of Insufficient magnitude to produce synptonms

of delayed neurotoxicity.

E. Field Monitoring of Workers for Symptoms of Delayed Neurotoxicity Caused

by DEF

The results of Section D experiments suggested that exposures to DEF in
the field were too lictle to lead, under norwmal use conditions, to Intoxica-
tion, at least for ground rig applicatoré. To further assess this for workers
engaged in both ground and aerial treatment of cotton, a study was conducted in
which an estimate of exposure was made by analyzing cloth patches fixed to the
clothing of mixer-loaders, flaggers, and plilots and measurements were wmade of
blood enzyme levels and peripheral nerve function. Complete results will be
presented by Lotti et al. (Journal of Occupational Medicine, 1983); a copy of
that manuscript will be furnished as soon as journal reprints are avallable,

Exposure measurements to DEF and merphos in a group of 7 workers

suggested that the major route of exposure to DEF was through the skin. The
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information on werk category, and measured exposure levels for exposced body
parts (hcad, neck, and hands) and air, are in Tables VIL and VIIL. From Table
VII data, the total exposure to DEF can. be calculated for each worker om the
s
days monitored., The results, normalized to a 7 hour work day, are in Table
IX, Head and neck exposures for the flaggers and nixer-loaders (subjects 2-5)
were considerably greater than for the pilots. For all workers, significant
exposures occurred through the hands, probably bzcause all of them helped to
clean and adjust leaking spray nozzles on the aircraft and to collect spent
defoliant cans withcut wearing protective gloves. Also, for all workers the
air (inhalatioa) exposure was insignificant in couparison to the dermal
exposure. A very rough estimate of segason-long exposure can be made for
workers in each category by multiplying Table IX data by the estimated nucher
of 7 hour days each subject worked with BEIF or Merphos over the defoliation
season (Table VII), Tor example, subject 4 received the rough estimate of 2.8
grams on his head and neck, 0.4 grams on his hands, and 0.003 grams by
inhalation over the season, assuﬁing that his exposure on all days of working
‘with defoliant was the same as on the two days this subject was monitored.
Also, Table IX data allow one to calculate the single 7 hr workday dose foxr
each individual in nmg/kg, using subject welzhts in Table VIII. Again for
subject 4, the calculated dose on the day he was monitored was approximataly
0.7 mg/kg, uneglecting a correction for skin absorption of DEF (~10Z of total
dose). By way of comparison, the median acute dose of DEF administered s.c.
to scaleless hens which produced ataxia after 12 days was 800 mg/kg, while the

no observed effect level (NOFL) for ataxia in normal hens is reported to ba

0.1 mg/kg of body weight per day for chronic exposure,
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Table VII, Tha Study Ccoup of Workers Exposed to DEF and herphos

Previous : .
Occupational 1981 DEF/Herphos
Subject Age Exposure to 0OPs Exposurea b
No. (yr) (yr) {hr/day) Job Description
1 38 7 67/27 Pilot
2 19 o 294/27 Mixer/loader-flagger
3 18 0 286/28 Mixer/loader—flagger
4 46 >10 374734 Ground rig operator
and mixer/loader
5 41 2 25/29 Mixer/loader—flagger
6 35 6 108/9 Crcund rig operatoer
7 30 10 103/9 Mixer/loader ia ground

operation

2 gstimated total hours of exposure calculated according to the records kept by
the company's office versus the length of exposure period.

b Subjects 1, 2, and 3 were fellow enployees as were subjects 6 and 7.
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Table VIII. Monitoring Environmental Exposure to DEF and Merphos during Cotton Defoliation

Length of
Dzy of Monitoring H+ N (in/cnd)? Hands Air Weight Height H+ N
Subject Exposure (ki) A ¥ (mg) Crg/m3) (k) (cm) (em?)ab
1 1 2,90 0.31 0.05 3.17 5.7 104.33 187.96 1,588.83
27 4.53 0.58 0.12 1.66 7.12
2 1 3.00 1.35 34,29 A 39.79 68.04 177.80  1,272.58
27 4.35 1.03 98.03 4,25 50.98
3 1 3.05 0.81 5.35 24,06 39.73 79.38 182,88 1,386.77
27 46.37 2.97 46.82 5.17 31.12 )
4 9 7.45 56.16 0.18 7.46 6.06 88.45 177.80  1,422.69
5 19 1.83 3.82 1.44 1.65 20.36 68.04 175.26 1,259.37
20 - 2.17 8.35  108.47  13.27 53.76
6 9 6.63 0.32 0.29 0.87 3.94 95.26 182,88 . 1,500.77
7 9 6.78 0.24 0.13 1.564 5.50 115.67 185.42  1,645.24

2 Head (H) and neck (N); A = anterior, P = posterior. Amounts (1g/cm2) on patches. .

b Total body area (cm?) = [weight (kg)o"”25 x helght (cm) 6~725] x 71.84; Area H+ N = 0.069 x (total body area);
A/(H+ N) = 0,73, P/(H + N) = 0.27,

Using the approach of DuBols and Dubois35, total skin surface areas were EOtnputed for each worker. Trom

Berkow 3% the relative area of the head plus neck was estimated to be 6.9%7 of the total surface area. Moreover,

from Peoples et al, 37 the anterior and posterior head and neck surface areas were estimated to be about 73% and

27%, respectively, of the total head and neck. Cloth patches placed on the upper chest near the face and on

the collar at the back of the neck were used to determine exposure of the anterlior and posterior head and neck

to DEF and nerphos.



Table IX. VWorker Exposures to DEF Per 7 dHour Workday for Each Worklay

Hounltored
" "Total DEF (=2)
Job oo Day of Head and
Subjecr Description " °° Exposure ‘Neck® © " ©° Hands " T Air
1 Pilot 1 0.92 7.65 0.
27 1.13 2.56 0.
2 Mixer/Loader—-Flagger 1 30.44 16,43 0.35
‘ 27 55.79 6.84 0445
3 Mixer/lLoader—-Flagger 1 6.48 55.22 0.34
27 32.92 8.28 0
4 Ground-rig Operator 9 52.89 7.01 0.06
and Mixer/Loader
5 Mixer/Loadzr-Flaggerx 19 15.30 6.31 0.1
20 143,84 42,8 0.4

2 Anterior and posterior treated as separate exposures (Table VIII).

Significantly, exposures in the test group of human subjects 4id not
result in any detectable subclinical effect on the peripheral nervous system,
as assessed by electromyography and nerve conduction studies carriec out at
UCSF Medical Center by Drs. Lottie, Becker, and colleagues. However, thess
same workers showed that neurotoxic esterase (NTE)~—-the putative nolzcular
target in neural tissue for the initiation of delayed neuropathy-—wes

measureably inhibited., Both the intensity and the length of exposure seemed

to be important in determining the inhibition of NTE in lycphocytes, which was

about 50% of the preexposure values when neasured 3-4 woeks after the
beginning of the exposure, This level of NTE inhibition did not have any
associated detectable electrophysiologic effects.

In sum, workers involved in applying DEF to cotton were neasureably

exposed to the chemical--an exposure which occurred at least over a 30 day
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period of the defoliation geason and approvimated in somz cases the clroalc

()]

NOEY, for DEF in hens, Thls exposure did lead.to a significant depression in
NTE activity by the end of the season, but was not of sufficient magnitude to
measureably affect the nervous system. We conclude from this study of humans,
and from the study with scaleless chickens, that normal field exposure of
applicators, mixer-loaders, and flaggers to DEF and/or merphos will not
produce delayed neurotoxicity in these individuals because normal exposure is
below the threshold level for this disease in humans. Howevar, our results do
show that the desireable 100 fold safety factor could be approached and,
perhaps, violated for some workers on occaslon, This argues for the use of
proper safety apparel (coveralls and rubber gloves), and alerting workers to
the inherent dahgers in undue exposure when handling these organophosphorus
defoliants., With regard to persons working or residing downwind from
defoliation treatments, we see no condition under which delayad neurotoxicity
could develop from the relatively minor exposures to airborne drift to which

they might be exposed by inhalation or dermally.

III. PARAQUAT

A. Background

Paraquat, a non-volatile bipyridinium herbicide with a variety of
agricuitural uses, is extensively euwployed as a harvest aid for cotton
defoliation. Concern over these uses grises from three sources: small
amounts of particulate drift from paraquat spraying way injur sensitive plant
species downwind fron the source; inhaling large amounts of paraquat aevosol
may produce lmmediate, acute toxlc effects, principally 1a the lung of humans;
and prolonged exposure at lower levels may cause or aggravate asthma and

emphysema-like symptoms In exposed fudividuals.
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We developed an analytical method for determining low levels of paraquat
in air which combined accumulative high volume sampling of alrborne
particulates by filtration with nitrogen—selecﬁive GLC of a reduced paraquat
derivative, The method was :sed to assess the coancentration of paraquat
downwind from commercial applicatiouns to cotton and paraquat residues in the
dust generated during mechanical harvesting of a treated cotton field. An
effort was made to identify maximum inhalation exposure conditiouns in the
spraying and harvesting operations, and to recommend practices which could
minimize occupatiocnal exposure to airborne paraquat in these operations, The
method cevelopment and aplications are reported in detail in the paper by

Seiber and Woodrow (1981l), a reprint of which is attached as an Appendix to

this report:,

B, Analytical Method Development

We developed a procedure for determining low concentrations of paraquat
downwind from treatment sites by combining accumulative filtration for
sanpling with N-selactive” gas chromatograhic analysis of reduced paraquat
derivative. This method, outlinesd in Figure 2, involves extraction of
paraquat from the filter by sonication with 6N HCLl, concentration and
centrifugation to renove insoluble materials, and dissolution of soluble
matter In saturated ammonium blocarbonate. The latter solution was taken to
dryness, including evaporation of the volatile ammonfum bicarhonate, in a sand
bath; the residue was then dissolved in aqueous sodium hydroxide and
derivatized by reduction with sodium borohydride, The reduced product, a
nixture of mono- and diunsaturated tertiary amines, was extracted in hexane

and quantitated by gas chromateozraphy using NP-selective thermionic

detectlon., Recoverles of paraquat dichloride splked to glass fiber filters
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were 96, 8?, 81, and 74% for 1.0, 0.5, 0.1, and 0.05 g fortifications.
Considering these recovery data and the background from an air sampla lacking
paraquat, the limit of detection of the mefﬁod was estimated to be 0.5 ng/m3.
This method is considerably more sensitive than the colorimetric assay
applied to fall-out or high voluma filter samples. We applied it tc a
determination of paraquat residues in air collected over 200 a from a spraying
operation, both during aﬁd for several hoﬁ;s following treatment.
Additionally, the method may bes used to measure the quantity of paraguat
associated with varlous particulate size fracticns cullected by cascade

impaction.

Parmguat in Air \

HiVal glass
fiber filter {(~ 1023 @2 air)
Extract with &N HCL

Concentrate and centrifuge
N

FXCLlp in 6X HCL

Evaporate

Extract with satd 13 HCO,
Centrifuge

¥

PCly in satd Nigins

Evaporate

Dissolve in NalH; add Naitiy i

Heat (600} for 12 min

Cool, extract with hexana

v
Reduced ) {monoene + dicne) in hexane

Cas Chromatography

Chrorosorh 133
NP detection (HP 57100
Sum peaks for ronoene and dicae

Figure 2., Schematic for the dctermination of airborrne residues of paraquat.
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C. Field Monitoring for Airborne Lavels

Fleld analyses were carried out at Efgfsites using high or low-volume air
sanplers deployad at severqlﬂpoints around tie field. Some samplers had
glass-fiber_filters to trap paraquat while othar samplers contained XAD-4
resin to trap DEF, a component of the harvest ald mixture. Application was by
fized-wing alrcraft at 0.1 kg/ha of paraquat,

The total volunma of alr processed by each sampler was corrected for the
time the wind blew toward the sampler from some segment of the treated
field, 'this yielded the "effective volume” scupled, that “s, the product of
sampler flecw rate and time the wind blew toward the samplef from the field,
From this the effective coucentrtion of paraquat in each air sanple was
calculated (Table X).

For each field, a relatively smooth drop of effective concentration with
-downwind distanca was observed during sprayisg. The profile for the Southlake
field is shifted toward higher concentrations at cowmparable sampling siltes
which may reflect wore drift than at the Devil's Den field since the average
windspeed for Southlake was greater,

The concentrations—distance profiles could be used to calculate air
concentrations at locations where no sampler was set up. For example, we
estimated the effective concentration 1 m from the downwind edge of the
treated area to be 4 g/m3 for the Devil's Den site énd 11 pg/m3 for the
Southlake site during spraying.

Effective paraquat air concentratiéns sampled 2 hours after treatment at
the two fields were 1-10% of those recorded at corresponding sampler stations
during spraying. WNo paraquat was detectable at any of the sampling stations 5
hours after spraying. This reflects the negligible volatility of paraquat and

the apparent lack of significant wind erosion of paraquat from surface
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Table

deposits uader the climatic conditions of our tests. This coatrasts sharply
with the behavlior of noderately volatile compounds such as DEF for which
evaporation froan surface depg§its may occur for several hours or days
following treatment., For DEF, total airborne residues (particulate plus
vapor) decreased oaly moderately at the same stations in the 2-4 hours post
spraying while paraquat, as noted previously, fell off dramatically with
time. This was reflected also in the DEF/paraquat ratio increase with time,
which occurred at two sampling stations, agd a greater settling rate for
particulate paraquat than for DEF, for which the bulk of the airEorne residuc

is vapor,

X. Paraquat Resldues in Air Samples Collected Downwind During an Application of
0.1 kg/ha to Cotton

-~

Flow Time DPrifrc Effective Conc, Average

Location Ant (W) Rute (Q) To Sampler {(t) Volume (Qt) (W/Qr) Windsveed
Devil's Dan

10m W 56 ng 0,019 m3/min 6.75 nin 0.13 m3  430.8 ng/m3 1.0 w/sec

50m NW 750 1.26 6.75 §.50 88.2 1.0

9lm § 656 1.24 11.6 14.38 - 45,6 1.0

161lm SW 918 1.54 21.7 . 33.5 27 .4 1.1
Southlake

70m S 193 0.028 45.0 1.26 153.2 1,7

100m N . 38 0.023 12.7 0.36 105.6 1.6

216n S 2000 1.40 28.9 40.4 49.5 1.7

We also determined paraquat in the dust generated during harvesting of
seed cotton, Air samplers were placed on the outside platform of the
harveéter and inside the cab in the front corner opposite the door with the
intake in the.breathing zone; the samplers were operated for 4 hours, While

most harvesters operated in California have enclosed cabs, it is fairly conmon
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practice for the operators to leave the cab doors open, a possible source of
exposure to paraquat—containing dusc.

The highest concentrations, in the range 470-1200 ng/m3, were recorded in
samples taken just outsideigge harvester cab and inside the cab when the door
was left open. When the cab door was closed a considarably lower
concentration, 13.7 ng/m3, was recorded inside the cab, Thus, the havvesting
operation gsnerated air concentrations of paraquat comparable to those present
Just downwind from the field during spraying even though harvesting took place
4 weeks after defoliation,

Calculating from the highest air level of paraquat found in the harves
air, 1.2 pz/md, and the "light work”™ average male humau breathing rate of 1.7
mS/hr, the maximum exposure for harvester operators in this study by
inhalation was 16 1¢/8 hr day. This assumes that all of the paréquat in the
dust entered and was entrained in the lungs; in fact, cascade impactor results
indicated that nearly 70% of the harvest dust was in the respirable range.
This also assumes that all of the paraquat in the dust is blologically
available; this 1is questionable, since paraquat is known to be tightly bound
to soil and plant particles. The calculated exposure is far below the 8 hour
TLV for paraquat, 7000 ypg/8 hr day.

Assuming that all airborne paraquat was ingested orally following
deposi;ion in the upper respivratory tract, we calculated an exposure of 0.24
vg/kg/day. This value is far below the acute oral or subacute, chronic oral
LDs5g values in the rat, It is, thus, difficult to envision an exposure
circunstance for harvester operators by inhalation or oral routes, either
singly or in combination, which would violate a reasonable factor of safety

from acute or chroaic toxiclity data in laboratory animals, although
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substantial dermal contact with the dust (not measured in our study) could
mitigate this statement considerably.

Heowever, 1t should be‘gyressed that the iiteréture racords that lesions
can form quickly at nuch lower paraquat exposure than reflected in acute or
subacute toxlcity measurements., Also, loug-term effects of exposure to low
levels of paracuat on the human body aund, particularly, the human lung have
not been evaluatad, For example, the possibility that sizall quantities of
paraquat could cause or aggravate asthma and emphysema—lite symptous in
exposed individuals may have been overlocked in the past.

Considering the analytical findingzs and toxicity data in the literature,
it would seem prudent to advise that agricultural workers aad human residences

Fou T
not be situated withian 400 qﬂdownwind of paraquat spraying coperations, which

is in agreement with a recent EPA advisory opianion, During harvesting, cab

S1

o

QOT¢

¢

should be closed and air filtration systeus operated within the cabs,

ince hoth opsrations will sustantially reduce exposure to paraquat in

[52]

alrborne dust. As residues of other harvest aid chemicals, such as DEF, may
be present in defoliation drift or harvest air samples at mnuch higher levels
than paraquat, the prudence of adopting such safety precautions is reinforvced.
In this WRPIAP-supported project we did not undertake a thorough worker—
exposure study anong applicators, mixer—loaders, and other field workers, A
separate, WRPIAP-supported project is now underway (1982-&3) in which patch,
hardrinse and alr samples were collected from workers Lnvolved in paraquat

application; the results of this study, when completed, will be given in a

separate report,

31



IV, CACODYLIC ACTD

A, Backgrouqd.

Cacodylic acid (Ca) 15 ;n organometallic arsenical compound used as a
non~selective post—emerszence herbicide. Its principle use in California is as
a cotton defoliant. Because residues of CA after field treatment represent a
potential health hazard, it is desireable to devalop a method for analysis of
this compound. The nethod should include a scheme for separating cacodylic
acid from three other common arsenical contaminants, namely monomethylarsonic
acid (MMA), arsenic acid (ASS+), and arsenous acld (As3+).i

\

AsO =

(CHz),A8(0)0" CH445(0)0,~ As(0)05 7 3
dizerhylarsinate monomethyl ~ Arsenate Argenite
{cacndylate) arsonate {Arsenic acid) (Arsenous acid)

The ionic nature, high water solubility, and low vapor pressure of these
acid/salt forms of arsenic suggest that airborne residues will be almost
entirely assoclated with the particulate phase.

These properties also suggest anion chrowmatography as a method for
separating these compounds. Anong the previously reported methods of analysis
of specific arsenic compounds, two of them use high-performance liquid anion
exchange chromztosraphy. On2 involved a separation of arsenite, cacodylic
acid, and mounomethylarsonic acid using a strong anlon exchange column
(Brinkman and Irgolic, 1980). This method does not fully resolve cacodylic
acid from arsenite, and arsenate is absorbed to the column, Woolson and |
Ahranson (1980) reporﬁed a separation of all four arsenic cdmpounds using a
Dionex polystyrene-based weak anion exhange column, Although a satisfactovy

separation was achieved, it was very sensitive to the salt content of
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envircnmental sawplaes because no buffer is used in the column during the first
part of the gradieat elution., These twc methods, and more recent

rodifications (Morita et al., 1981; Iadevala et al., 1980; Chem Eng. liews,

1981), employ flameless atomic absorption spectroscopy to detect arsenlc in
the HPLC fractions.

We pursued development of an analytical method similar to those reported
in the literature, but uéing a weak anioﬁ.exhange HPLC, It appears that it
would ba preferable Lo use a weak anlon exchange colunn that allowed the use
of a buffer to stabilize the ionilc strength of the solvent during elution. A
privary alkylanino column was useful in this respect because it has a lowar
exchange capacity than a strong anion exchange column, but a higher one than
the Dionex column. Furthermore, its capacity is pH dependent. Our work was
brought successfully to the point of denonstrating HPLC resolution of the
three arsenic species of most interest (cacodylate, MAA, arsenite) with GFaA

detection., We did not, however, analyze field air samples

B, Analytical Procedure

Reagents — Standard solutions of the four arsenic compounds were made at
concentrations of 50 yz/ml in deionized water. The eluting buffer for the
chromatography needed to be one that did not interfere with the graphite
furnace atomic absorptlion analysis. Ammonlum acetate was found to be
satisfactory. ACS grade ammonium hydroxide, ACS grade acetic acld, and Baker
HPLC grade water wertre used. The buffe£ was prepared by first making a 005 M
NH4OAC solution (pH=7), and then adjusting 1t to the desired pH by adding

additional acetic acid. The buffers were prepared at ph's ranging from 3.3 to

6.7,
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Apparatus — The anion exchange chromatography was parformad using a
Watgrs 30 cm p-Bondapak Nd2 colunn (10 m particles). The pump was a Milton
Roy minipump operted at a f;Oﬁ rate of 1 ml/min. Samples (20 ul of individual
standards or mixtures of staundards were introduced into the coluan using a
Rheodyne 7010 injector, Fractions (1 ml) of the column effluent were
collected in 1.5 ml polyethyleae sample cups using an Isco Model 1200 fraction
collector.

For atcmic absorption, a Perkin-Elmer Model 560 Atcmic Absorption
Spectrophotometer equipped with a HGA 2100 graphite furanace and a tlodel AS-1
Autosampler was graciously provided for our use by Professor Richard Burau.
The sample cups from the fraction collector were transfierred to the
autosampler for analysis. The autosampler injected 20 X aliquots from each
sample cup into the furnace. The aliquots were dried at 100°C for 15 seconds,
charred at 1200°C for 15 seconds, and atomized at 2700°C for 15 scconds, with
the furnace operating in the interrupt mode with argon purge gas at 30
ml/min. The peak arsenic absorbance was read during a 10 second integration
time at 194 nm, with a slit width of 0,7 nm., An arsenic electrodeless

discharge lamp, operated at 9 watts, served as the light source.

C. Method Development Rasults

Arsenate 1s not included in the following discussiocm, Work not included
here has shown that arsenate elutes either with monomethylarsoanie acid or
later, and does not interfere with the eiution of cacodylic acid.

The pH of the ammonium acetate buffer was varled from 3,3 to 6.7. At the
upper pH limit, retention of the compounds was 1psufficiant to resolve them.

At pH 5.6, arsenite was found to elute in the void voluws as before, but

cacodylic acld and monomethylarsonic acid were retained Zo some extenl, and
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peak elution occﬁrred in fraction 15, Unfortunately, they were still
unresolved from each other. At pH 4.7, all three compounds ware well
separated (Figure 3). Arscnate was still eluted in the voild volume, cacodylic
acid eluted second, peaking at fraction 12, folliowed by monomethylarsonic
acid, peaking in fraction 25. As the pH was lowered furthar; the retention
time of cacodylic acid decreased while that of monomethylarsonic acid
continued to increase, At pl 3.3, MAA became adsorbad to the column, while CA
eluted right after the void volume., The complete retention vs. pH profile is
shown for the three compouuds in Figure 4,

The separation of the three compounds on the pBondapak NH2 column can
only be partially explained using the usual lon exchange arguments. In
addition to ion ‘exchange behavior, some forn of reverse-phése partition
chronatography ié to be expected since the amino groups in the célumn are
attached to alkyl chalins which provide a soumewhat hydrophobic surface for
possible interacticus with the methyl groups of CA and MAA. Alsco, adsorption
to exposed silica in the coluan packing is possible, This may be responsible
for the broadness of the peaks observed.

The behavior of arsenite is readily'explained. It is seen that this
compound always elutes in the void volume. Since the pKa of arsenite is 9.2,
it is unionized at all pH's used 1in this study, and no ion—exchange retention
would be expected. Furthermore, the compound contains no methyl groups, so
partition type retention would not be expected either.

The increasing retention of CA and MAA between pH 6.7 and 5.6 can be
explained by the pH dependance of the lon-exchange capacity of a priwary amino
colunn. The column capacity is increased as the pH is lowered from 6.7 to 5,6.
Since both CA and MAA are loanized over most of this pH range, the retention of

these compounds would be expected to increse as the pi is lowered,
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possible interactions with the rathyl groups of CA and MAA.‘ Also, adsorption
to exposed silica in the column packing is possible. This may be responsible
for the broadness of the peaks observed,

The beha?ior of arsenits is readily explained. It is seen that this
conpound always elutes in the vold velume. Since the pKa of arsenite is 9,2,
it 1s unionized at all pH's used in this study, and no lon-exchange retention
would be expected, Furthermore, the compound contains no nethyl groups, so
partition type retention would not be expected either.

The increasing retention of CA and MAA between pH 6.7 and 5.6 can be
explained by the pH dependance of the ion-exchange capacity;of a primary amino
column. The column capacity is increased as the pl is lowefed from 6,7 to
5.6, Since both CA and MAA are ionized over most of this pH range, the
retention of these compounds would be expected to increse as the pH is
lowered.

At pH 5.6, CA is unionilized (pXa = 6.2), and only partition type retention
(and possibly adsorption) would be eupected to occur., The decreazse iﬁ
retention of this compound as the pH is lowered from 5.6 to 3.3 is probably
due to the increasing acetate concentration in the buffer.

Monomethylarsonic acid is ionized until the pH of the buffer is lowered
below its pKa of 3.8, hroughout the whole range of pd's used in this study,
the retention of this compound increased as the buffer pl was lowered, to the
point wﬁere it was adsorbed to the column after the pXa of the compound was

crossed. The reason for this behavior is not apparent.

. Ds Conclusions
A method has been developed for separating cacodylic acid from other

arsenical compounds using lon exchange chromatography followed by graphite



E. REFERENCES

Brinckman, F¥.E, et al, J. Chrom. 191, 31-46 (1920).

Woolson, E.A., and Aharonson;'N. J. Assoc. Off, Anal, Chem. 63, 523-8 (1980).

ladevaia, R., et al. J. Assoc. Off, Anal, Chem., 63, 742-6 (1980).

V. PROJECT SUMMARY AND CONCLUSIONS

This project was undertaken to assess.airborne concentrations of four
cotton harvest aid chemicals in and around sites of use, so that some estimate
could be made of potential human exposures to atmospherlic residues of these
chemicals.

For the organophosphorus defoliants DET and Folex (merphos), a mathod was
developed for sampling and analyzing airborne residues of the three chemicals of
interest -~ DEF, butyl wmercaptan, and dibutyl disulfide. Sémpling was counducted
at two field$ in the San Joaquin Valley treated commercially by air with DEF or
Folex, Residues of DEF were found in most air samples collected during spraying
within 350 m of the fields whether sprayed with DEF or Folex (maximum, 6080
ng/ms), and at many of the same stations for up to 4 days after spraying but at
generally much lower concentrations. The crigin of post—spray alrborne DEF was
by volatilization of DEF deposited from the spraying operation, or from DEF
formed by oxidatlon of Folex deposits in the case of the Folex-treated field.
Air concentrations of the odoriferous butyl mercaptan were gengfally higher in
samples collected near the Folex treatment (maximum 1576 ng/m3) than nearu;heﬂv
DEF-treated field (maximum 167 ng/m3), apparently from the higher mercaptan
content of technical Folex, the formation of butyl wercaptan when Folgx
formulation 1s diluted with water, and the further formation of butyl mercaptan

when Folex residues are weathered. The butyl mercaptan—assoclated odor probleam
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can be minimized by restriccing soraylng to perioeds of good atmospheric

ventilation, use of buffer zenes, and imvosing limits fo mercaptan content of

the formulation, For Folex, additional rescarch is needed into ways to mlnimize
o

formation cf mercaptan when the formulation is added to water in the spray

tank. The discoufort to sensitive individuals from inhaling cercaptan vapors is

the principal ambient problem associated with the use of both DEF and Folex; no

health hazard from the parent defoliants should exist for the ambient population

as downwind air rasidues of the parent compouands are far belew toxic lavels,

Two series of experimente were carried out to assess the health effects for
workers involved in applying DEF and Folex. In one series, carried out in
collaboration with Dr., Barry Wilson, scaleless chickens were placed in and
around fields treated by ground rig with DEF. Exposure of these birds,
principally by thé darmal route, resulted in nezsureable cheolinesterase

depression hut ne clinical symptoms of delayed neurctoxiclty even under "worst

case” situations. In the second series, carvied out in collaboration with Drs,
Charles Becker and Marcello Lotti, workers engaged in DEF applications were
-monltored for exposure, neurotoxic esterase levels, and nerve counduction,
Workday exposures for mixer—loaders, flaggers, and ground rig opesratiocons, agaln
principally by dermal contact, were frequently near 1 mg/kg/workday (not
accounting for dermal absorption efficlency)-~a level close to and perhaps in
slight excess of the no observed effect level in hens. While neurotoxic
esterase depression was observed in these workers, there was no detectable
subclinical or electrophysiologic effects on their peripheral nervous systenm.

We conclude that normal workplace contact with DEF is below the threshold level
for delayed neurotoxicity in humans, although the margin of safety 1s apparently

fairly low. Further research is needed in ways to decrease exposure levels,

perhaps by protective clathing, and thus ilncrease the margin of safety.
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For the desiceant paraquat, an analytical method was developed for deﬁcr-
mining paraquat levals in alr at vevry low concentrations (0.5 ng/m3). The method
was applied to air samples collected at two cotton fields in the San Joaquin
Valley treated with paraquat. Maximum concentrations were 4 and 1113/m3 in
sanples collected at the downwind edge of the fields, with a very rapid decline
in residue both with distance from the field during spraying and with time
following spraying. It was estimated that inconsequential levels of paraquat
(<20 ng/m3) ezist in the ailr 400 o or more downwind from a field durlng sprayins,
We also found surprisingly high concentrations of paraquat in the air to which
oparators were potentially exposed during the harvesting of cotton previously
treated with paraquat. The highest concentrations in this case were 470-1200
ng/m3, arguing for enforcing the use of enclosed cabs in the harvesting opera-
tion, However, even at these maximun exposure levels, calculated 8 hr exposures
were far below the TLV for paraquat for harvest operators. More research is
neaded on the long term effect of breathing dust contaminated with paraquat (and
other chemicals of long residual lifetimes applied to cotton), particularly among
individuals with a history of respiratory ailments who are engaged in the harves-
and ginning of cotton. |
he arsenical defoliant caccdylic acid, a method was developed for
resolving cacodylic acid, monomethylarsonate, arsenate, and arsenite by lon-
exchange chromatogfaphy, and their detection by graphite-~furnace atomic absorp-
tion speécroscopy. The method was potentially applicable to alr samples
collected necar cacodylate-~treated cotton fields., However, this very laborious
method was not applied to field samples because the samples collected for this
purpose were outdated by the end of the lengthy method development period.
Considering the.increasing use of cacodylates in California, and thelr relatively
high rates of application to cotton (2-4% x that of paraquat), further research
should be done on cacodylate airborne residues assocfated with the treatment,

harvesting, and ginning of cotton.
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