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Exposure of Workers to Pesticides & 3 3
“. " Homer R. Wolfe; BS; William F. Durkam, PhD; R T~
- . * and Jokn F. Armstrong, BS, Wenatchee, Wash -~ ?g' &
. . o w s.
cholinesterase activity level as the =

IN_ ORDER to evaluate the hazard io the
health of workers using pesticides, it is im-
portant to know the amount of exposure
which workers undergo while carrying out
various jobs related to the preparation and
use of these componunds, Both direct and in-
direct methods are available for measuring
exposure. The direct methods are those
which utilize some mechanism fo entrap the .
toxic material as it comes in contact with
the workman or to remove the retained toxi-
cant at the end of the exposure perod. ‘the
amount of toxicant trapped or removed is
then a direct measure of the particular expo-

- girre being studied, The indirect methods in-

volve the detection of the pesticide or its me-
tabolite(s) in body tissue or excreta or the
measurement of some pharmacelogic effect
of the toxicant on the exposed individual.
The indirect methods have been quite ex-
tensively employed in studying exposure of
workers to pesticides. Thus, the exposure of
workers to DDT has been estimated on the
_basis of their body fat content of DDT and
DDE*? or of urinary excretion level of the
metabolite DDA Exposure of subjects
whose occupations involved use of dieldrin
has been determined from excretion levels of
dieldrin-derived material in uwine’ A num-
ber of surveys of exposure of workers to or-
ganic phosphorous insecticides, using blood

NSubmir.ted for publication Oct 28, 1966; acoepled
ov 11.
Trom the Western Pesticides Research Laborato-
ry, Office of Pesticides, Communicable Discase Cen-
ters, Public Henllh Sorvice, US Department of
Health, Education, and Wel{are, Wenatchao, Wash.
Reprint requests to Westem Pesticides Reaearch
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have been reported.®-12 Exposure
thion has been estimated from wur,
cretion of the hydrolytic product p pipro
phenol 13-15 :
The Yadirect methods for measuring expo-.
sure to pesticides have been less used, mha
first study of this type was apparently ¢y
ried out by Batchelor and Walkeris who
determined the exposure of orchard gpeqy.
men to parathion. These investigatarg usey
_g-celiviose pads ont e GApOEIA 3Nin Aean
- and in the respirator to entrap the Des-ziaé;
and, thus, serve as an indicator of contami.
nation. Later work has followed this gepepg)
procedure although some refinemenis haye
been introduced. The methodology has hpan
reviewed in detail by Durham and Wqjge 17
The published studies of exposure of WDri<-
ers to pesticides which have been carrieq oyt
. using direct- methods are summarizeq jp p,.
ble 1.

The present paper reporls the results of

pesticide exposure studies using direct Imeth.
ods for a npumber of agricultural and pyp)ie
health vector control work situationg, The
effect of a number of factors on the jeye] of
exposure has been determined. Factors s¢,4.
jed include wind, type of activity, mey, od
and rate of application, duration ¢f expo-
sure, route of exposure, and attilyge of
workmen. The hazard to workers of varjoue
activities involving different pesticigeg i;
evaluated. .

Materials and Methods

Samples to permit measurement of eXposure
“were collected in the field while the workmen

th—Vol 14, April 1967
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were carrying out their- usual duties. 'There
were 31 different work activities studied, in-
volving' ten different pesticides. Although the
results for ten of these work activities have
been partially reported in previous publications
from this laboratory, they are included here
 along with additional recent data to give the
_best available exposure values Ior these situa-
tions.
Estimation of the amounts of pesticide expo-
~sure that workers would potentially ineur fol-
lowed the techniques and procedures described
in detail by Durham and Wolfel? Potential
dermal contamination was measured primarily
by attaching absorbent e-ceflulose pads for
spray exposure, or Jayéred gauze pads for dust
exposure, to various parts of the body or cloth-
ing of workers and allowing them to become
contaminated during a timed interval of work.
Contamination of the hands was measured ei-
ther by rinsing in a suitable solvent in a poly-
ethylene bag or by swabbing with solvent-im-
pregnated gauze swabs. . )
Respiratory exposure was estimated from the
contamination of filter pads held in special sin-
gle or double-unit respirators or from sir con-
centration values detérmined by use of imping-
- er-type air samplers or both. .
_The dermal and respiratory exposure pa
were extracted with a suitable solvent in a
Soxhlet apparatus. :
Chemical analysis for the various compounds
was done using the following methods: azin-
phosmethyl, Meagher et al;18; Chlorthion, a
modification (Chemagre Corporation, unpub-
lished data) of the Averell-Norris procedure;1?
DDT, a modification by Mattson et al*® of the
method of Schechter et al?l; demeton and
TEPP, a total phosphorus method??; dieldrin,
O'Donnell et al2?; DNOC {sodium salt of dini-
tro-o-cresol}, Wolfe et al®4; endrin, the paper

chromatography procedure described by Mitch- .

¢ll2s malathion, electron-capture gas chroma-
tography2¢; and parathion, Averell-Norris.1®
A total of 3,555 analyses of dermal pads and
833 analyses of respirator pads were carvied
out in the present study.
Dermal exposure values were calculated on

the assumption that the exposed person wore a -

short-sleeved, open-necked shirt, no gloves or
hat, and that his clothing gave complete protec-
tion of the areas covered. This amount of cloth-
ing was elected since it represented just about
the smallest amount of protection which was
observed in the field. However, some spraymien
wore additional protective clothing such as a
hat or cap, long-sleeved shirt, or even a jacket

or coveralls. Tt waa considered advisablg to cal-

" Arch Environ Health—Vol 14, April 1967 ~

culate potential exposure based on the lesser

amount of protective clothing so that safely rec-

ommendations derived from these calculations
would tend to be on the conservative side. The
surface areas of the usually unclothed body
parts (face, back of neck, *“V™ of chest, fore-
arms, and hands) were determined using Ber-

kow's?T values for surface area. The total cal- .

culated dermal exposire was the sum of the ex-
posures of the usually unclothed body parts.
The respiratory exposure was assumed to be
equivalent to the contamination of the respira-
tor pad or pads. Alternatively, air concentra-
tion values taken as near the breathing zone as
possible were multiplied by an assumed value
for lung ventilation rate of 1,740 liters/hr28
during the light work involved.in spraying to
obtain tespiratory exposure. :
Caleulation of the total exposure in terms of
the percentage of the toxic dose was made by
the procedure described by Durham and
Wolfe.l? The calculations were based on com-
parison between the dermal and respiratory ex-
posure values determined here snd values by
Qaines (unpublished data) for doses toxic to
the rat.2®
’

- Results and Comment

The values of dermal and respiratory ex- .

posure and for fotal exposure in terms of
fraction of toxic dose per hour of work as de-
termined in the present study are shown in
Table 2. :

Factors Affecting Level of Exposure—

"There were wide ranges in exposure level for

a given work activity with a specific pesti-

cide depending on the environmental condi- -
tions, technigue of the operator, and, per-

haps, other factors. These variations ranged
up to about 200-fold for dermal exposure as-
sociated with applying parathion to fruit
trees with an air blast dilute spray machine
and up to almost 300-fold for respiratory ex-

on fruit frees using a concentrate spray ma-
chine. ’ .
Wind.—The most bmportant environmen-
tal condition studied with regard to effect on
exposure was wind. Wind was thought to be
an important factor in determining the 552
mg/hr exposure to parathion for an opera-
tor spraying -parathion in & fruit orchard
with an air biast machine, This level was the
highest potential dermal exposure deter-
mined in the present study. This exposure

- posure associated with spraying parathion
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Table 1.—Summary of Published Studies on Potentlal )
Exposure of Workers fo Pesticides Using Direct Methods

Compound

J\zinphnsf‘nethyl
Azinphosmethyl

Azinphosmethyl

Azinphosmethyl
Azinphaosmethyl
Azinphosmethyl
Azinphosmethyl
Azinphosmethyl
Benzene
hexachloride
Benzena
hexachloride

Carbaryl
Carbaryl
Chlorthion

DOT .

- DDT
oDt
DDT
DDT
Dleldrin

Dieldrin 4
Dieldrin

Dietdrin + ..

pNOC | |
DNDC

DNOC
DNGG

. DNOG

DNOSBP .
Endrin ..

Endrin
Endrin

Endrin
Endrin
Lndria

Wetathion
Walathion
Wisatwon
b iy

Activity

- Checking cotton for insect damage
Air blast spraying fruit orchards
during night :
Air blast spraying fruit orcbards
during day
Air blast spraying fruit orchards
Air blast spraying fruit orchards
Air blast spraying fruit orchards
Filling spray tank ’
Waorking in formulating plant
Sprdying forests

'Hand spraying for mosquit‘on;.-—

¢ Alr blast spraysng {ruit archardg
Air blast spraying fruit orchards
Operating aerosol maching for
mosguitees
Indoor house spraying |
indoor house spraying
Qutdoor house spraying
Qutdaor house spraying
Spraying forests |
Hand-spraying of wellings for
disgase vectar control
Spraying pear orchards
Operating power air blast machine
spraying fruit orchards
Power hand gun spiaying fruit
grchards from portable machine
Spray-thinning apples '
Spray-thinning apples
Spray-thinning apples
Chemical thinning-apple blossams
by power hand gun soraying
Chemical thinning apple blossoms
by power air blast spray machine
Herbicide spraying corn and pea
fields with boom ground sprayers
Spraying orchard cover crops for
mouse control
High pressure pewer hand gun
spraying archard caver craps for
mouse contrel .
Operating power air blast or heom
sprayers treating srchard cover
crops for mouse control
Dusting potatoes
Spraying row crops
Piloting 2irplase during air
* appilication
Operating aeroscl machine
Air blast spraying fruit orchards
Air hlast soraying fruit archards
FPersont outdoade during air appil
Sahen 10 pooulated ares,
P g § NS0 Sring 8 apoli-
AL I Jrigrateted sraa

Exposure

Dermal  Respiratary Total )

{mg/hy tmg/hr) (5% Toxic Dese/hr) Reference
5.4 al* (o.04 51
541 0.47 6.5 (3.5) 34
755 0.54 8.4 {450 34
125 0.26 Lowen 30
2.9 0.1 0.15 A8

27.2 0.04 o.18 R This papar
52.9 1.27 0.72 (0.46)} 30 .
.10 .58 (Gc.1) 30
({70.3) (3.06) {0.29) 52
{10.2) {4.29) {0.15) = Wassermaniw
- .. Moetal,
_ unpublished
. . . data
253 .29 0.03 33
24.9 0.48 002 .. AB
3) (0.3 (0.003)., 53
-543 (>0.31) ‘54
1,755 7.1 Qo2 48
~ 84 e (>0.085) 54
243 .11 (0.14) | 48
(212) {4.92) .{n.15) . 52
(18.6) (>0.33) © 5%
14.2 0.25(0.03)] 0.24 . - 58 -
15.5 0.03 0.25 or This paper
15.1 . 0.03 Q.25 ‘This papar
63.2 04" (0.25) 47
‘575 T 2.75 0.z0 - T 34
24.4 0.03 {0.1) 24
55.1 ° 0.13 0.13 This paper .
* 225 <0.05 0.05 'i'his paper
8B.7 0.12 (0.57) 24
2.6 Q.01 0.21 56
3 0.01 .25 This paper
25 o.01 0.21 This paper
18,7 0.41 1.5 56
0.15 ] o1 a3
1.18 0.08 0.29 (0.16); 33 -
(6.6} {0.3) ) (0.0C3) 53
2.5 0.08 0.002 {0.001)% a3
3o . Q.31 a.01 This paper
{0.89} {0.055) {<0.001) 57
{0.2%) (0.012) {<0.001) 57
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. Table 1.—Surmmary of Published Studies an Potential
Exposure of Workers 1o Pesticides Using Direct Methods (Continued)

Compound . Activity
Methyl Paras Checking cotton tor insect damage
thion : . : .
* Parathion Air blast spraying fruit orcnards
_Para:hion Air blast spraying fruit orchards
Parathion Air blast spraying fruit orchards
Parathion _Cbncentrale air biast spraying fruit
- orchards - .
”araihion High pressu're power hand gun
spraying fruit orchards
Parathian Hand knapsack mist spraying

tomato bushes .

'Expasura ) ~
Dermal ﬁespiratory Total . -
{mg/hr) (mg/hry (% Toxic Dosefhed  Referance
07 .- o @.02) - 51
777 ols . B& 16
2.4 0..03 0.43. (018)¢ 33
1_9 ERMU Ko 4 1.33 45
28 0.06 1.95 45"
55.8 0.19 (3.9} . i6
9.1 0,29 (6.82} 58

- % gl indicates "below the experimental limits of the chemical method.'

+ All values shown in parentheses were not ingluded
authors.

in the original paper but were calculated by the present

1 Calculations Based on the original authcrs® published dermal and respiratary exposyre data indicated that the
correct total exposure as a perceMage of the toxic dose per hour should be the values shown in parentneses rather

than the figures originally published.

§ These original values were calculated on the basis of maximium exposute. The recalculated values shown it

parentheses are based on mean exposure.,

I Study of the original data an whith the published respiratory value (0.25 mg/hr) was based indicater! that this
figure was derived in error and should have been 0,03 mg/hr.

indicaied that the sprayman was receiving

87% of the toxic dose per hour of work,
However, the operator was wearing very
effective protective clothing and probably
actually absorbed only a small fraction of
the estimated potentizl expoesure.
 Type of Activity—There appeared for
each given pesticidetobea significant varia-
tion in hazard depending upon the type of
activity in which the worker was engaged. In
the case of DDT, as shown in Tables 1 and
2, indoor house spraying was about 4 times
as hazardous as flagging for airplane dusting
of .fruit orchards, approximately 7 times as
hazardous as outdoor house spraying, and
aver 30 times as hazardous as operating an
.air blast spray machine ina fiuit orchard.
Various phases of an operation deter-
mined different rates of exposure. For exam-
ple, in airplane application of 19, TEFP
dust to a fruit orchard, the loader received
about 3 times as much exposure as the pilot
and about 414 times as much as the flage
man. A sirnilar finding has been reported by
Jegier® who noted for orchard air blast
spraying considerably higher rates of der-
-mal and respiratory exposure to azinphos-
methyl during loading than during the spray
cycle as a whole. - .
. Activities which did not involve direct

contact with insecticides were generally as-
sociated with relatively low levels of expo-
sure. For example, entorologists observing
mosquito control cperations with Chlosthion
or malathion incurred 0.002% of the toxie
dose per hour. Workers picking pole beans
one and two days after application of mala-
thion dust sustained 0.001% and less than
0.001% of the toxic dose, respectively. The
exposure levels (as the percentage of toxic
dose) for these two activities were the lowest
of all work activities studied. n

. Loaders and flaggers for.air applications
received relatively high levels of exposure,
particularly by the dermal route. For exam-
ple, a flagman in aerial application of DDT
to a fruit orchard had a dermal exposure
rate of 517 mg/hr. It is possible that in this

instance the worker, knowing that DDT was,

a relatively nontoxic compound, made little
effort to keep out of the drift. Airplane load-

ers—particularly those working with dusts -

—often became heavily contaminated as
shown by the maximum (135 mg/hr) value
for TEPP exposure, which corresponded to
ahout 83% of the toxic dose. .
Method and Rate of Application.—~The

amount of potential exposure depended also

apon the method of application, There was
more exposure while ‘cperating equipment

Arch Environ Health—Vol 14, April 1967 Lo

S

el

Table 2—FPotential Dermal and Respiratory Exposure of Workers 10 5

3109

elected Pesticides as

Compound
Azinphosmethyl
Chlorthion®

Chlorthion®

poT
oDT
Demeton

- Demeton

Dieldrin®
Dieldrin®
DNOG*
DNOCH

Endrin®

Endrin® .
- Malathion

Malathion

Malathion

Malathion

Malathion PO

Malathion*®

*  Malathion* -

Parathion

Parathion
Parathion
Parathion

Parption
Pus gy

Formulation
0.05% spray

59, merosol

. 5% aerosal

0.09% spray

359 dust

0.03% spray

0.03% spray

£.02%-0.03% .

spray
0.03% spray

- 0.02%-0.04%

spray

0.02%,-0.04%

spray
0.05% spray

0.059% spray

0.04%-0.08%
spray

0.03%-0.08%

spray
4% dust

49 dust
49% dust
'2.5-5%
aerasol
-2.5-5%
aerosol

0.05% spray

'0,08% spray

_ 0.05% spray

0.05% spray

2% dust’
9% spray

Rate of
Application
{Lbs Active

Ingredient/Acre)

.34

34 .

Lo 23

XN
o

23

Activity

Operating power air blast machine
spraying fruit orchards

Operating arrosal machine for
meosquita controf

Entomoiogist field observars
ehecking for mosguite control
near aeroset machine operation

_ Gperating power air blast machina

spraying fruit erchards: °
Flagging for airplane dusting of
fruit orchards
High pressure power hand gun
_spraying fruit trees in nursery
Driving tractor pulling high sres-

sure power hand gun sprayef in

nursery

Operating power air blast machine
spraying fruit orchards.

Power hahd gun spraying truit
archards from portable rmachina

Chemical thinning apple blossems
ty power hand gun spraying

Chemical thinning apple blossorms

by power air blast spray maching

High pressure power hand gun
spraying orchard cover crops
for mouse ¢cantrol

Operating power air blastor beom
sprayers treating archard cover
crops for mouse control

Operating pawerair blast machina
spraying fruit archards

High pressure power hand gun
spraying fruit orchards

Operating power duster applying
pesticide to pole beans

. Picking pole beans ane day after

dust application

" Picking pele beans two days after

dust application

Opetating aeroscl machine for
mc?quito cantrol

Entorriologist field observers
checking for mosquite cantrol
near aerose! machine oparation

Operating power aif blast mathine
spraying citrus groves

Driving tractar pulling partable
tower hand gun power sprayer
during application in citrus
groves

High pressure power hand gun
spraying from tawer positian of
poftable spray mathina—citrus
groves .

High prassura pawer hand gun
spraying Tram ground position
near portable tower sprayef—
citrus groves .

Pilating airplane dusting fruit
orchards

Flagging for sirplane application
10 fruit archards

(Tabla continued on pp 628-629.)
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No. of
Sampies Analyzed
Dermal  Respirator
PO
112 10
170 20
258 15
21 .
“.
21 3
52 2
. 42 2
25 [
177 22 -
154 10
70 ]
44 7-
98 ¥ 13 ¢
14 4
194
42 3
" 166 14
238 EL
40 8
30 5
a7
76 13 .
18 3
75 iz
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' Deleimined by a Diréct Method

Exposure )
permal Respiratory Total
Valug {mg/hr} (wg/hn)  (Ftoxic dos_e,fhr)
Range 1.1-146 0.02:0.08 - 0.01-0.95
Mean 27 0.04 Q.18
Range . 1.9-12 ° ©.08-0.5 0.01-0.02
Mean . 68 - o028 0.01
Range 0.8-1.6 0.05-0.08 0.00:-0.003
Mean 1.1 0.07 0.002 .
Range  3.2:3%2 0.02-0.27 ~ 0.002.0.23
*  Mesn | 54 0.1 0.03
’ Range 395-517 .
Mean 420 0.2 0.24
Range 1.6-5.8 0.01-2.03 . 0.17-0.62
Mean 3.1 0,01 . 0.33 .
Range | 1-2.5 0.01-0.03 0.110.29
. Mean 1.9 .0.01 0.21 .
Range 6.3-31.1 0.02-0.04 0.10.5
Mean 155 0.03 0.25
Range 3.4-29.5 0.02-0.04 0.06-0.48
Mean | 15.1 0.03 .25
Range 7902 - <«0.02-0.42 0.02-0.22
Mean 55.1 0.13 0.13
" Range . 2.9-131 <0.05-0.08 0.01.0.31
Mean 225 0.05 : 0.05
Range. - 1.5-7.1 0.001.0.03 0.12-0.59
Mean 3 0.01 0.25
Range 1.3-E.1 <0.001-0.02 0.1-0.49
Mean 2.5 0.01 0.21
Range 5:9.59 0.02-0.24 0.002-0.02
Mean 30 .11 0.01
Range 8.4-154 0.01-0.25 0.003-0.06
Mean 67 0.09 . 0.02
Ranga 17-32 0.22-1.23 .
Mean - 23 Q.73 0.01
Range <0.5-28 - e - <£0.003-0,01
Mean 3.9 © - <D,02 2.001
Range <1.5-4.3 e T .
Mean 2.1 «0.02 <0,001
Range 1753 - 0020 10 0.001.0.02
Mean 29 0.09 a.01
Range 2.3-64 0.04.0.09 0.001-0.003-
Mean® 'S S 0.06 0.002
Range 1.3-38 0.01-0,07 0.09-2.60
Mean 18 0.03 1,17
Range 5.5-28 0.01-0.06 0.38-1.77
- Mean 12 0.03 0.84
Range 1.0-28 0.004-0.08 ' 0.07-1.94
Mean 11 - 0.03 Q.77
Range 20-113 0.02-0.19 . 1.35-7.8
Mean a7 0.09 33
Range 8319 . 0.01-0.0% 0.57-1.35
Mean 13 0.02 0.87
Rangs 9.5-306 0.003-0.08 0.65-20.8
Mean = 84 0.02 572 .

which dirécted spray upward into the air -

where it was more subject to drift than when
operating equipment that directed the spray

downward. For example, taking inte consid-

eration the difference in dilution of the
sprays being used, potential exposure while
operating an air blast machine spraying
fruit orchards with parathion was about 12
times as great as during application of the

‘same compound on row crops with a boom-

type sprayer that directed the spray down-
ward and, thus, resulted in less drift. The
effects of some other methods of application
on exposure, partieularly by the respiratory
route, are discussed below under route of ex-

" posure. .

Another variable which might be expected

_ to influence exposure of applicators was rate

of application. This value is shown in table 2

" for each of the exposure situations studied.

Very little data on the influence of changes
in rate of application on exposure Were ob-
tained, however, because alt operators tend-
ed to use approximately the same dosage in
a given circumstance. The maximum varia-
tion in application rate which was observed
in these studies was for DNOC which varied
from 1.1 to 2.1 lbs of active ingredient per-
acre. The application rates which were gen-
erally used were those recormmended by the
Washington State University and the US

“Department of Agriculture.

Duration of Exposure.—In addition 1o the

. Jevel of contamination incurred per hour of

work, the hazard of pesticide exposure for a
worker was also related to the amouat of
timne he worked at these particular -duties.
Thus, it has been pointed out that, on the
average, poisoning can be expected to appear

most quickly, most frequently, most diverse-
_ 1y, and most severely in those persons most

extensively exposed.3! Many work situations
involving pesticide exposure did not last a
full 8 hr/day and those that did nsually
were not continuous for many days. Par-
ticularly in the application of pesticides to
agricultural crops, the work not only was
usually seasonal but also was broken up inte

separate spraying or dusting periods of & few

days each, as the pest infestation warranted.
For example, air blast spraying of a fruit or-
chard with parathion was usually carried
out only three or four times during a grow

Arch Environ Health—Vol 14, April 1967
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Table 2.—Potential Dermal and Respiratory Exposure of Workers to Selected Pesticides as

Rate of No. of
Application Samples Analyzed
. {Lbs Active . —— e r—— ity
Gompound - Formulation  Ingredient/Acre) Activity Dermal  Respirator
Parathion 1% dust 0.3-0.4 Operating tractor-mounted boom 192 33
L . ground duster in row crops
Parathion 0.09% spray - 0.5 Operating tractor-maunted boorn 48 7
ground sprayer in row crops
TEPP + 1% dust 0.5 Piloting zirplane dusting fruit 30 s
. . orchards
TEPP 1% dust 0.5 Flagging for airplane application 24 5
. to fruit erehards ’ : .
TEPP . 1% dust 0.5 ° [3

Loading for airplane application - p-1.3
1o fruit orchards .

* Partially reported in previous publication.

ing season. Each spray period for an indi-

vidual orchardist or sprayman lasted for one
to six days of eight to ten hours each, de-
pending on the size of the orchard to be
covered. These spray operations were offen
hampered by wind, thereby extending the
period required to complete the application.
However, in the case of such an extended
spray period, the number of hours per day
was lower. In fact, there were wailing peri-
ods of ‘several days when adverse weather
did not permit any spraying at all. These
delays spread the sprayman’s exposure over
a relatively long period. The increass in the
perfod over which a given amount of expo-
sure was spread tended to decrease the toxie
effect and to prevent ihe occurrence of -
ness. This has been shown to be true in var-
ious animals studied, including man. The
time factor in relation to dosage is particu-
larly important in the case of the organie
phosphorus pesticides, For example, rats
can withstand over a 24-hour period a dos-
age approximately equivalent to the acute
LDy, level (office of Pesticides, Communi-
cable Disease Center, unpublished data).
Route of Exposure——-The potential der-
maol exposure to each compound in every
work situation studied was much greater
than the potential respiratory exposuue. The
'\‘_‘:vlrfllory exposure for the various work
;--:a:txms studied ranged from 0.02% to
'; » fm}‘nn. 0.759) of the iotal (dermal
ﬁ': respiratory) exposure. The fact that the
o {:“ﬁ‘-‘m a hllgher dose than the lungs
mua.“;ﬂg,,.r‘;d in other work .sir.uations
Sy 0 3 m‘:;m mdhadu .8t this Iabora-
by other investigators3osad

In general, it is true that chemicals given
at equivalent doses are absorbed more rapid-
Iy and more completely from the respiratory
fract that through the skin and that studies
with volunteers revealed a lack of toxic ef-
féct from large dermal doses of parathion2®
However, parathion applied to the skin of
laboratory animals has shown high tox-
jcity®38 and a number of authors®™ have
attributed instances of parathion poisoning
in people to dermal contact. :

In the various situations studied the aver-
age potential respiratory exposure tended to
be higher in agricultural dusting operations
than during agricultural spraying opera-
tions. For example, in the ground applica-
tion of parathion to row crops, the average
respiratory exposures were 0.16 mg/hr with
dust and less than 0.01 mg/hr with spray.
The respiratory exposure in these instances
represented 1.6% and less than 0.2% of
the total exposure with dust and spray,
respectively. A relatively high respiratory
exposure {0.73 mg/hr; 3.2% of the total ex-
posure) was alse noted in the ground appli-
cation of malathion dust to pole beans. The
potential dermal exposure was found to be
about the same for a given pesticide applica-
fon regardless of whether the material was
applied as a spray or as a dust formulation.

“Thus, ground application of parathion to

row crops gave skin contamination leveis of
4.7 and 8.8 mg/hr with spray and dust for-
mulations, respectively. -
Disproportionately high respiratory expo-
sure values in relation to dermal exposure
levels were also found in two spray opera-
tions—use of Chlorthion acrosol for mosqui-
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" Detarmined by a Direct Method (Continued)

Exposure

- . Dermal Respiratory Tatal

Value - {mg/hr) (mgshr) (% toxie dose/h)
;. Range - 1.4-17 . 0,03-0.4% 0.12-1.43 -

Mean 8.8 . 0.16. " 071
Rapge 2.2-11.3 »ee 0.15-0.72
Mean 4.7 <0.01 033
Range 10-53 0.02-0.47 £.29-34.5
Mean 23 0.17 15.4
Ranga 1621 0.03-0.12 9,67-12.9
Mean 16 0.07 10.2
Range 43-136 0.63.0.43 25,7-83.4

Mean - 73 i 0,18 . 44.2

toes (respiratory exposure, 0.28 mg/hr or
3.9%, of the total exposure) and, to a small-
er degree, low-volume concentrate spraying
of parathion in fruit orchards (respiratory
exposure, 0.06 mg/hf or 0.2% of the total
exposure}, These latter values- were about
thres times as great as the respiratory ex-
. posure for similar parathion . applications
using conventional high-volume spray. These
disproportionately high respiratory exposures

. were probably due to the fact that the spray

in thege two instances was made up of par-
ticles of significantly smaller size than ‘was
nsually the case with sprays. The small par-
ticles tended to remain suspended in the air

Jonger and, thus, presented a greater oppor- -

tunity to be inhaled. Als6, the path of the
smaller droplets was more easily changed by
the influx of air into the nose, thus diverting
these particles from their normal extracor-
porals path into the respiratory tract. The
fuestion of exposure levels involved in con-
centrate spraying has been dealt with more
thoroughly elsewhere.% -
The data on relative respiratory exposure
(expressed as percentage of total [ie, dermal
* plus respiratory exposure] for = workers
applying different types of pesticide formu-
lations i5 surimarized in Table 8 for all the
exposure situations measured in the present
.study. These results indicate that relative
respiratory exposure is higher for aerosol
{2.87%, of total exposure) and dust (0.54%,
of total exposure) formulations than for di-
' lute spray formulations (0.23% of total ex-
. posure).
~ Attitude of Operator~—Although it is &

rather difficuli concept to document with
specific exposure data, observations made in
the present study suggest that, for a given

- gperation, considerably lower exposure was

sustained by a careful operator than by a
carcless one. Among the factors noted were
differonces in avoiding contact with both
concentrated and dilute formulations during
loading and mixing, washing before eating
or smoking, and wearing protective clothing
and respirator when needed, In addition, the
careless. operators sometimes sprayed on
windy days or under other adverse condi-

tions while the careful spraymen waited for
‘better conditions. . : . K
Comparison of Present Resulis With Pre-

vious Studies of Exposure.—In table 1 are
listed results of previously published studies
using direct methods to determine dermal
and respiratory exposure of workers to pes-
ticides. Tn a number of instances, the origi-
nal workers did not caleulate tatal exposure

- on the basis of fraction of toxic dese per
hour. However, these values have been cal. .
.culated by the present authors and inserted

where indicated. Also included in the Table
are some exposure values from the present
paper (excerpted from Table 2) for compar-

json with previously published results. Pa-’

pers in. which authors have merely deter-
mined air concentrations of pesticides in

‘work areas and made no caleulations of ac-
‘tual Tespiratory intake have mot been in- -

cluded in the tabulation. The results from
the present study were generally in’ good

agreement with those published previously,
in those instances in which direct compari- -

sons were possible.. . -

Values for exposure to azinphosmethyl
while spraying fruit orchards have been ro-
ported from Australia® Canada,3® Ysrael 74

and the United States, as reported in -
this paper. The dermal exposure levels for -

this compound determined by Simpson 9.9
mg/hr), by Jegier (12,8 mg/hr), and that
reported in the present paper (27.2 mg/hr)
were similar. Known differences ‘in proce-
dure apparently account for some, if not all,
of the variation which does occur among
these results. Thus, although both Jegier

and Simpson generally followed the proce-.

dures initially described by Batchelor and
Walker,’¢ there were some differences in

technique. Jegier used g-cellulose strips ol
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Tabie 3~-Rolative Respiratory Exposure {Ex-
prassed as The Percentage of Total
[Dermal - Respiratory] Exposure) tor Workers
- Applying Difterent Types of Pesticide
Formulations

=

Respiratory Exposure

Type of Mo- of
formulation  Activities Valua a; of Total
Dilute Spray 19 Range 0.,02-0.5
Mean 0.23
Aerosol Range 0.3-5.8
i Mean 2.87
Dust 7 Range 0.05-3.2
Mean 0.94

on the forehead and wrists of the subject in-

stead of on the four body areas (shoulders,
back of neck, “V” of chest, and forearms)

- . sampled in the present study. Also, hoth Je-

gier and Simpson caleulated hand exposure
on the basis of the wrist pad contamination
while the whole hand was rinsed in the
present study to determine exposure. In our
experience pads placed on the wrists gave
lower results for hand contamination than
did washing the entire hand area, particu-
larly in regard to exposure during mixing
and loadinz. The much higher dermal ex-
posure results {541 and 755 mg/hr for noc-
turnal and daytime spraying, respectively)
obtained by Wassermann et al®® cannot be
explained at this fime. The difference be-
tween nocturnal and daytime exposure levels
was due to the greater amount of protective
clothing worn when spraying in the cooler

temperatures at night. The respiratory lev-

els for the present study (0.04 mg/hr) were
considerably lower than those obtained by
Wassermann et al (0.54 mg/hr} and some-
what lower than those reported by Simpsen
{0.10 mg/hr) and by Jegier (0.26 mg/hr).
1t is particularly interesting to note that Je-
gier obtained good correlation for respira-
tory exposure determined from pads (0.26
mg/hr) and from air samples (0.30 mg/hr}.

The dermal exposure Jevel for operators

. thinning apple blossoms with DNOC, as deé-

termined much earlier at this laboratory
{63.2 mg/hr) by Batchelor et al,3" was
somewhat higher than that found in the
mora recent studies (244 mg/hr, 225
mg/hr). The markedly higher respiratory
level found earlier {1955 value, 0.40 mg/hr;
wwent values, 0.13 for hand-gun and less
than 0.05 for air blast equipment) was ap-

Birently duo to the use at that time of un--

covered respirator péds which permitted im-
“pingement of spray and apparently resulted

- in counting as respiratory exposure particles

which would not be inhaled through the
presently. used funnel-covered respirator

. pads. These differences were discussad In

detail by Wolfe et al?? The dermal expo-
sure level for DNOC (575 mg/hr) deter-
mined in Israel by Wassermann et al’*
agrees well with the values determined here

" (225 and 551 mg/hr); however, the respir-

atory level determined by Wassermarn and
his colleagues (2.75 mg/fhr) is very, much
higher than the present values (0.13 and less
than 0.05 mg/hr) or even than that ob-
tained earlier with uncovered respirators
(0.40 mg/hr). In fact, the respiratory expo-
sure level of 2.75 mg/hr is higher than that
for any compound studied by other labora-
taries in outdoor spraying activity and ap-
proaches the level for DDT exposure during
indoor house spraying (7.1 mg/fhr)3®
Dermal mazlathion exposure as deter-
mined in the present study (30.3 mg/hr)
was higher than that (2.5 mg/hr) published
by Jdegier,3 probably due at least partly to
the differences in technique mentioned
above. Respiratory results (present paper,
0.11 mg/hr; Jegier, 0.08 mg/hr) were com- -
parable. CoNT
Also, for parathion spraying, the present
dermzl exposure level (1%.4 mg/hr) was
higher than that reported by. Jegier (24
mg/hr) while the respiratory values were
similar (present paper, 0.02 mg/hr; Jegier,
0.03 mg/hr). .
£ Fyaluation of Hazard to Workers~—~From
tables 1 and 2, it can be seen that in studies
at this laboratory three compounds—endrin,
parathion, and TEPP—have been involved
in operations in which the mean value for
the percentage of toxic dose potentially ab-

- sorbed per hour exceeded 1%. Al three of

these compounds are known to have caused
occupational poisoning. There is only one
other compound (demcton) listed in the ta-
bles which is known to have caused occupa-
tional poisoning in the sort of work activi-
ties under study here. Therefore, it appears
that, in general, the resuits of these exposure
tests correlate well with use experience.
The highest mean value for fraction of
toxic dose received per hour of work
(44.2%) was for workers who loaded air-
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planes with 1% TEFPP dust. Although there
have been numerous illnesses among work-
ers in this oceupation, the number -who be-
come ill has been quite low considering that
the workers potentially would, on the aver-
‘age, be subjected to almost one half the tox-
je dose per hour of work. Three factors may
account for the low morbidity rate. First, ob-
servations have indicated that the number of
hours per day or per week the worker is ac-
tually loading airplanes is quite low. Sec-
~ondly, insuch a situation where it is cbvious
that high contamination of the worker may
occur, much more attention is generally giv-
en to the use of adequate protective clothing
~ and respiratory devices than in less hazard-

ous jobs. Thirdly, probably only a small per-

centage of the dry dust impinging on ex-
posed skin areas is actually absorbed.

" Although much attention has been, and
rightly should be, given to prevention of ex-

. posure to compounds that are more acutely
toxie, the importance of also minimizing ex-
posure to other less toxic compounds should
not be overlooked. For example, malathion,
while not a compound of high systemic tox-
icity, has been shawn to be a skin sensitizing

. agent and a potential cause of dermatitis in
exposed individuals.#? The fraction of toxie
dose received during application of some of
the less toxic chlorinated hydrocarbon pesti-
cides may be compartively -low; however,
these compounds are stored in body fat fol-
lowing absorption. Although no adverse

* health effects have yet been shown in work-
ers with continued, high-level exposure io

DDT? or pesticides generally,s* the contin- .

ued contact with absorbed chlorinated hy-
drocarbon compounds resulting from fat
storage and the possible additive pharmaco-
logic effect of various related pesticides in
this chemical ¢lass are factors that should be
considered. Also, certain dusts, even those
inert ones which do not contain pesticides or
ather added chemicals, may cause discom-
fort and even precipitate illness in some peo-
ple.

The exposure studies reported in the
present paper and similar studies which
_have been published previously from this
and other laboratories (as summarized in
“table 1) indicate that, in general, agricul-
tural and public health vector cantrol work-
ers using pesticides in various activities are

exposed to relatively small fractions of the
toxic dose each day. Surveys of illness, and
of various physiclogic manifestations of pes-
ticide exposure, such as symptomatology,
blood cholinesterase activity, fat storage of

‘DDT and other chiorinated hydrocarbon

pesticides and their metabotities, and uri-
nary. excretion of DDA, p-nitrophenol, and
other pesticide bictransformation products

confirm this impression of a generally low-

level of exposure of workmen to pesticides.
Both direct and indirect stuclies have shown
that the exposure levels of workers, while
higher than those for the general popula-
tion, are generally relatively low in compati-
son to the toxic level. In many instances in
which poisoning of a pesticide worker does
oceur, it is possible to show an obvious disre-
gard for one or more safety recominenda-
tions to account for the illmess.

Thus, the results of the present study are
consistent with the idea that pesticides can
be used safely provided recommended pre-
cautions are followed. In fact, a number of

pesticides are so nontoxic that occupational

poisoning associated with their use has not
been reported and the exposure levels (as
the percentage of toxic dose per hour) are so
Jow that it is doubtful that it will occur,
However, a few of the more toxic com-

pounds (such as endrin, parathion, and |

TEPP) have caused occupational poisoning

in the past. Their relatively high exposure -

values indicate that even minor lapses in ad-
herence {o safety precautions might be
sufficient to allow poisoning to occur.

Suminary

Values for dermal and respiratory expo-
sure and for total exposure in terms of frae-
tion of toxie dose were determined for 31
different work activities involving ten dif-
ferent pesticides.

There were wide ranges in exposure level
for a given work activity witha specific pes-
ticide, depending on the environmental con-
‘ditions, particularly wind and technique of
the operator; but other factors could iot be
excluded. Also, for a given pesticide there
was a significant variation in hazard de-
‘pending upon the type of work activity in
volved. Various phases of an operation often
produced different levels of exposure. Gen-
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erslly, the lnonding operation was the most
tarordeus part of the spraying or dusting
yole. Exposure also depended upon the
method of application. Not only was the
hazard related to the length of time worked,
but the use of dusts or fine aerosols rather
than sprays greatly increased respiratory
exposure,

As reported in previous exposure studies,
the potential dermal exposure to each com-
pound in every work siiuation studied was
much greater than the potential respiratory
exposure. However, the practical importance
of this potential difference must be viewed
in light of the fact that chemicals given at
eguivalent doses are absorbed more rapidly
and more completely from the respiratory
tract than through the skin.

The results from the present study were
generally in good agreement with those pub-
lished previously in those instances in which
direct comparisons were possible.

The present results indicate that, in gen-
eral, workers using pesticides in agriculture
and public health vector control are exposed
to relatively small fractions of the foxic dosé
each day, These findings are consistent with
the idea that pesticides can be used safely
provided recommended precautions are fol-
lowed. However, the relatively high expo-
sure values associated with a few of the more
toxic pesticides (such as endrin, parathion,
and TEPP) indicate that even minor lapses
in adherence to safety precautions might be
sufficient to allow poisoning to occur.

Some of the data reported in this paper was col-
lected by Gordon 5. Batchelor snd Keaneth C.

Walker. The a-celluiose was supplied by Rayonier,
Ine., New York,
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