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To establish the time that must be allowed to elapse before 

workers can safely re-enter a crop that has been sprayed with 
a pesticide, one must be able to estimate the hazard associated 
with working in the crop at any particular time after application 
of the pesticide. The acute hazard for such re-entry can be 
estimated by monitoring workers to determine the potential dermal 

and respiratory exposures they receive. Then, using toxicity 
data from laboratory animal studies, one can arrive at an estimate 
for the percent of an acute lethal dose of the pesticide that a 

worker can be expected to receive during a normal day's work 
(DURHAM & WOLFE 1962, DAVIS et al. 1982a). A recently postulated 
system also allows one to determine whether or not it is safe for 

a worker to receive the observed level of exposure for an entire 

working season (POPENDORF & LEFFINGWELL 1982). 

Exposure of the hands is often found to be the largest com- 

ponent of a worker's total potential exposure to pesticides. 
Hand exposures contributed 20 to 50% of the total potential 
exposure of workers who mixed and applied insecticides by air- 

blast sprayer to orchards (WOLFE et al. 1966) and nearly 50% of 

the total for workers who filled seed potato dusting machines 
with fungicide (STEVENS & DAVIS 1981). It has also been observed 
to account for more than 85% of the total exposure received dur- 

ing the spraying of lawns by homeowners (DAVIS et al. 1982a). 
Handexposures have been monitored by swabbing or rinsing the 

hands with solvents (DURHAM & WOLFE 1962, WARE et al. 1973), ex- 
trapolating from residues trapped in pads attached to the forearms 

(BATCHELOR & WALKER 1954), or trapping residues in absorbent 
gloves (QUINBY et al. 1958). The advantages and disadvantages 
of these methods have been discussed elsewhere (DAVIS 1983). 
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The hand rinse procedure of DURHAM & WOLFE (1962) has become 

somewhat of a standard procedure through extensive use. However, 
it is not entirely satisfactory for several reasons. Occasion- 

ally, one cannot find a solvent that will remove residues without 

injuring the skin. Some solvents cause decomposition of residues 

or interfere with analysis. Residues that penetrate the skin 
during the exposure period will not be included in the exposure 
estimate. Finally, hand rinsing requires that workers stop their 

labors for several minutes after each exposure period, so the 

operation being studied may be slowed to the extent that 
further monitoring becomes objectionable to the workers or their 

supervisor. 

Trapping residues with absorbent gloves eliminates most of 

the problems associated with other methods for monitoring hand 
exposures. However, gloves may absorb more pesticide than would 

be retained on the skin. Since hand exposure is often such a 
large proportion of total exposure, excessive retention of resi- 
dues by gloves may result in the gross overestimation of total 

potential exposure. 

The present study had two primary objectives. The first 
was determination of potential dermal and respiratory exposures 
that occurred while thinning apples at various times after 
application of azinphosmethyl (~,~-dimethyl S(4-oxo-1,2,3-benzo- 
triazin-3(4H)-ylmethyl) phosphorodithioate). The second was to 

compare hand exposures assessed using hand rinses and two types 
of absorbent gloves. 

MATERIALS AND METHODS 

Potential dermal and respiratory exposures received by pro- 

fessional agricultural workers were monitored using multi-lay- 

ered gauze pads, ethanol hand rinses, absorbent gloves, and 
battery-operated personal air pumps fitted with polyurethane 

foam plug samplers. Detailed descriptions of the fabrication 
and use of these monitoring media as well as calculation of 

hourly exposure rates have been presented elsewhere (DURHAM & 

WOLFE 1962, LEWIS et al. 1980, DAVIS 1980). Gauze pads were 
attached to the worker's forearms which are often uncovered dur- 

ing thinning. Facial exposure is normally assessed using pads 
attached to the shoulders, chest and back. However, this was 
not possible during the present study. The workers complained 

that pad-holding harnesses might become snagged on branches, 

light-weight protective jackets with pads attached in advance 
were cumbersome, and taping the 4 extra pads to their clothing 

took too long. Polyurethane foam plug air samplers in aluminum 
holders (DAVIS et al. 1982b) were attached to the workers' 
collars with the open end down. The personal pumps used to draw 

air through the samplers were adjusted to flow rates of approxi- 
mately 3 i/min. Monitoring media were changed and hands were 
rinsed at the midmorning, lunch and midafternoon breaks, so all 

exposure periods were approximately 2 h. 
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The workers were monitored while thinning apples at 1,2,6 

and 9 days after the airblast application of azinphosmethyl at 
1 lb/A (1.1 kg/ha). The spray contained 10 Ibs of a 50% wett- 

able powder formulation per 400 gal (3 g/l) and was applied at a 
rate of 80 gal/A (750 1/ha). Leafpunch samples, which were 

shaken with a Sur-Ten detergent solution for the determination 
of dislodgable residues, were taken at midmorning. Each of 

these samples consisted of 30 punches, 5 from each of 6 trees, 
and foliar dislodgable residues were calculated using the sur- 
face area of both sides of the punches. Dislodgable residues 

were extracted from leaf-punch samples, exposed monitoring media 
were processed, and extraction and storage losses were deter- 
mined essentially as described elsewhere (DAVIS et al. 1982b). 

The following are modifications of that earlier description: 
Media were fortified, as shown in Table I, using a filtrate from 
the extraction of 2 g of 50% wettable powder formulation of 
azinphosmethyl with 100 ml of acetone. Losses of azinphosmethyl 
during freezer storage were assessed using fortified miniature 
gauze pads. Finally, gauze pads were extracted in Soxhlets in 

the same manner as gloves. 

Table I. Fortification of Monitoring Media for Determination of 

Storage Losses. 

Type of Monitoring Approximate Amount of Pre-extraction 

Media .... AzinphosmethylAdded Treatment 

Gauze pads 
Simulated hand rinses 

Polyurethane foam plugs 
Cotton and nylon gloves 

Sur-Ten solutions 

100~g/pad 
25~g/ml of ethanol 

100~g/plug 

5mg/glove 

250~g/sample 

Air dried for I h 
Not extracted 

Air dried for I h 
Air dried for 1 h 

None 

Residues were quantified by gas chromatography through a 76 
cm x 4 mm (inside diameter) glass column packed with 4% SE-30/6% 

OV-210 on 80/100 mesh Gas Chrom Q. The carrier gas was nitrogen 
at a flow of 120 cc/min. The column temperature was 200~ and 
the temperature of the 63Ni electron capture detector was 350~ 

RESULTS AND DISCUSSION 

Gauze pads were stored in a freezer for approximately 2 

weeks pending extraction. Hand rinses and extracts from other 
monitoring media were stored in a refrigerator for up to 3 mo. 
pending analysis. Analysis of residues recovered from the 
fortified media shown in Table I indicated that extraction 

losses only occured during the extraction of Sur-Ten solutions 

with hexane to determine dislogable foliar residues. The mean 

standard deviation for recovery of azinphosmethyl from these 
solutions was 95 + 2% (4 replicates). Stability studies indi- 

cated that significant losses of residues occured in 3 types of 
samples during storage. These losses occured during freezer 
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storage of gauze dermal exposure pads and refrigerator storage of 

ethanol hand rinses and hexane extracts of dislodgable foliar 
residues. The following 3 equations were generated by regress- 

ion analysis of the storage stability data to correct for these 
losses. The percentage of initial azinphosmethyl remaining after 

n days of storage is indicated as x. 

I. Storage of gauze pads in a freezer: X = 100 - 2.1 Inn 

2. Storage of ethanol hand rinses in a refrigerator: 

x = 100 - 2.7 in n 

3. Storage of hexane extracts in a refrigerator: 

x = 100 - 4.1 In n 

No losses occurred when air was drawn at a flow of 3 L/h for 2 h 

through fortified polyurethane foam plugs. Data presented in 
the balance of this report were corrected for extraction and 

storage losses. 

To compare hand exposures monitored by using either ethanol 

rinses or absorbent gloves, both methods were employed at 2 and 9 
days after application of the azinphosmethyl. Results of this 
investigation are shown in Table 2. When compared at the 95% 

confidence level by t-distribution, hand exposures obtained 

by rinsing were significantly lower than those obtained by 
using either type of glove. However, there was no significant 

differences between exposures obtained by using the different 
types of gloves. When mean exposures were compared, those 
obtained by using cotton and nylon gloves were approximately 5 

and 4 times larger, respectively, than those obtained by using 

hand rinses. 

Table 2. Comparisionof Apple Thinners' Hand Exposures 

Monitored with Ethanol Rinses or Absorbent Gloves. 

Days After . R a%e .of.Exposure to Azinphosmethyl (Ng/h)a 
Application ............ Ethanol Rinses Cotton Gloves Nylon Gloves 

2 1,800+--300 (6) 8,500~1,700 (5) 7,000+--2,000 (5) 

9 960Z340 (6) 5,200~2,200 (11) 3,900~ 900 (11) 

Ratio of Exposure Means 

Cotton Gloves/Ethano ! Rinses N~lon Gloves/Ethan01 Rinses ~ 

2 4.7 3.8 
9 5.5 4.1 

aMean + standard deviation for the number of replicates indicated 

in parenthesis. 
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Potential dermal and respiratory exposures received by 
apple thinners working in an orchard at various times after it 

had been sprayed with azinphosmethyl are shown in Table 3. 

Foliar dislodgable residues at the various times are also shown 
in Table 3. The dermal exposures given in the first 4 lines are 

based on hand exposures obtained with ethanol rinses and calcu- 
lated exposures for the face and neck. An earlier study indic- 
ated that exposure to the face and neck received while thinning 

apples that had been treated with a spray prepared from a wett- 
able powder formulation of phosalone averaged approximately 14% 

of exposure to the forearm (DAVIS et al. 1982b). Since it was 
not possible to directly monitor exposures to the face and neck 

in the present study, each worker's exposure in these areas was 
assumed to have been 14% of his forearm exposure. The exposures 

shown in the last 4 lines of Table 3 were calculated using hand 

exposures that were 5 times those obtained by hand rinsing. 
These would correspond to exposures monitored by using cotton 

gloves. 

To estimate the hazard associated with the highest mean ex- 

posures indicated in Table 3, one may estimate the respiratory 
and dermal exposure hazards separately then combine them for the 
total hazard. NEWELL & DILLEY (1978) estimated the respiratory 

LD50 for an aerosol produced from a solution of azinphosmethyl in 
20% dimethylsulfoxide to be 0.33 mg/kg when administered to male 

rats. However, their value is probably not applicable to the 
present study. NIGG (1977) and POPENDORF & SPEAR (1974) reported 

that the pesticide containing particulate material which becomes 
airborne during orchard work is of such a large size that more 

than 95% of it would be deposited in a worker's naso-pharynx 
(POPENDORF & LEFFINGWELL 1982). Such material would subsequently 
be swallowed, so exposure contributed by this material should 

be considered as oral rather than respiratory. The oral LD50 
for azinphosmethyl administered to male rats is 13 mg/kg and to 

female rats is 11 mg/kg (GAINES 1969). Assuming a LD50 of 12 
mg/kg and that humans are equally sensitive, the oral LD50 for a 
70 kg worker would be 840 mg. Also assuming that 100% of the 

pesticide collected on the polyurethane foam plugs would have 

been deposited in the naso-pharynx then swallowed, workers 

receiving the maximum mean "respiratory" exposure of 78 ~g/h 
would swallow 0.62 mg/day or 0.074% of a lethal dose per day. 

The dermal LD50 for azinphosmethyl administered to rats is 220 
~g/kg (GAINES 1969). This would correspond to 15,400 ~g for a 70 

kg worker. The maximum mean dermal exposures received by the 

thinners were 5,400 Dg/h, if hand exposures were monitored by 

ethanol rinses, and 13,00 ~g/h, if gloves were used. These 
values correspond, respectively, to daily exposures of 43 and 
100 mg or 0.28 and 0.68% of a lethal dermal dose per day. There- 

fore, depending on which hand exposure monitoring method was 
assumed to be "correct", the thinners received a total of either 

0.35 or 0.75% of a lethal dose of azinphosmethyl per day by the 

dermal and "respiratory" routes. 
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The recently published work of POPENDORF & LEFFINGWELL 

(1982) allows one to estimate the effect of dermal exposure 
to selected organophosphorus compounds on acetylcholinesterase 

inhibition. They postulated that daily acetylcholinesterase 
inhibition of 2 to 4% is acceptable from the standpoint of 

seasonal exposure. Also, that 2 and 4% inhibition would occur 
in 70 Kg workers dermally exposed, respectively, to 52 and 105 

mg of azinphosmethyl. These "safe" exposures correspond quite 
closely to either the 43 or 100 mg daily dermal exposures re- 

ceived in the present study by workers thinning apples during the 
period of maximum exposure. 

The total dermal and respiratory exposure rates and foliar 
dislodgable residues shown in Table 3 were compared by t-distri- 

bution to detect significant differences at the 95% confidence 

level at various times after application. There were no signi- 
ficant differences when data from day I were compared to data 

from either day 2 or day 6. When data from day I were compared 
to data from day 9, only the respiratory exposure rate had become 

significantly lower by day 9. These results indicated that, 
under the conditions that existed during the present study, in- 

creasing the time required before reentry by less than I week 
over the present Federal reentry interval of 24 h would not 

significantly decrease the exposure of apple thinners to azin- 
phosmethyl residues. 

This study indicated that there is little acute or semi- 

acute toxic hazard associated with exposures received while 
thinning apples at any time in excess of 24 h after application 

of azinphosmethyl according to the conditions employed. One must 

also conclude that use of absorbent gloves to monitor hand expo- 
sures may lead to grossly exaggerated estimates for total potent- 

ial dermal exposure. 
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