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Abstract. Studies on the assessment of worker exposure 
to pesticides identify the sources of pesticide contamination 

to the worker and indicate any preventive measure necessary 
to assure a safe work place for agriculutral laborers. Methods 

currently employed in monitoring worker exposure to pesti 

cides were reviewed. Studies on exposure to lead arsenate, 
ethion, and paraquat used in Florida citrus have shown that 
the hands receive the highest exposure levels. Wearing 
vinyl gloves would eliminate up to 75% of the workers' 
total dermal exposure. 

Registration of new pesticides and re-registration of 
older products often are dependent upon minimizing the 

degree of exposure sustained by the pesticide applicator. 
Only a limited base of knowledge is now available on 

worker exposure to pesticides. Unless an agricultural laborer 
is wearing adequate protective clothing, he is subject to 

potential exposure from handling pesticides while mixing 

and loading concentrated formulations, pesticide drift 

during application, accidental spills, leaking equipment, 

cleaning clogged spray nozzles, repairing contaminated 

equipment (2, 5, 11, 12, 17, 19, 21, 22, 23, 24), wearing 

contaminated clothing (16), smoking, eating, or drinking 

in the field (1, 20) and from pesticide residues on recently 

treated crops (15, 16). The primary route of pesticide 

exposure has been shown to be dermal, although respira 

tory exposure increased when dusts were applied (2, 5, 11, 

12, 21). 

Attempts have been made to protect workers from pesti 

cide exposure by legislative action. The Environmental 

Protection Agency has proposed guidelines for registering 

pesticides that include an evaluation of hazards to man (8). 

Reentry period restrictions were established to protect 

workers from pesticide residues on treated crops (7). 

Monitoring worker exposure to pesticides provides informa 

tion on which to base these regulations. 

The purpose of this paper is to briefly review methods 

currently employed in assessing levels of potential dermal 

and respiratory exposure of workers to pesticides and to 

discuss examples of pesticide exposure monitoring studies 

conducted in Florida citrus. 

Review of Methods 

Potential exposure is defined as the maximum possible 

exposure of workers to pesticides, whether from inhalation, 

direct contact of the skin with pesticides, or indirect ex 

posure from contact of the skin with contaminated clothing. 

Procedures for estimating potential dermal and respiratory 

exposure to pesticides were described by Durham and 

Wolfe (3). Dermal exposure pads made a a-cellulose or 16-

ply surgical gauze backed with filter paper were attached 

to the forearms, shoulders, thighs, shins, and chest. Finley, 

et al. (10) used patches cut from clothing worn by workers 

during the exposure period to assess dermal exposure. Ex 

posure to the hands was estimated from pesticide residues 

impinged on areas cut from the palms and backs of clean 

cotton gloves worn by each worker during the monitoring 

period. Dermal exposure of the hands was also determined 

from analysis of pesticide residues rinsed from the hands 

with water or other solvents. Respirators fitted with 16-ply 

gauze backed with filter pads were used to assess respiratory 

exposure, under the assumption that the respirator filters 

were totally efficient in trapping respirable pesticides. An 

improperly fitted mask would reduce efficiency and thereby, 

increase experimental error. Air samples collected near the 

breathing area of workers have also been used to assess 

respiratory exposure (3). 

The dermal exposure pads, respirators, gloves, and air 

samplers were worn for a carefully timed period while 

workers mixed, loaded, or applied pesticides. At the end of 

the monitoring period, all samples were returned to the 

laboratory for analysis of pesticide residues. 

Durham and Wolfe (4) indicated that only 0.1 to 2.8% 

of the potential dermal exposure to parathion was actually 

absorbed. All particles or droplets less than 7 ju, in diameter 

were taken into the respiratory tract. Respiratory exposure 

was arbitrarily assumed to be 10 times more toxic than 

dermal exposure (4). Since many pesticides or their metabo 

lites are excreted in the urine, urinary levels of pesticides 

may be used to estimate absorption of pesticides. Bio 

chemical effects of organophosphorus and carbamate pesti 

cides can be measured by changes in blood cholinesterase 

(ChE) activity (6). 

Examples of Monitoring Studies in Florida Citrus 

Lead arsenate. Two suppliers, who mixed the con 

centrated pesticides and filled the spray tank, and 3 ap 

plicators, operating tractor-drawn air blast sprayers, were 

monitored for arsenic exposure on 9 days during the 5-week 

spray season (22). The average levels of dermal exposure 

to arsenic for applicators and suppliers were 69 mg/hr and 

109 mg/hr, respectively (Table 1). The 5 men were divided 

into 2 crews. Although, Crew I applied roughly the same 

amount of lead arsenate in a 0.1% spray mixture as Crew II 

applied in a 0.3% spray mixture, the average dermal ex 

posure of arsenic to workers in Crew I was 40% lower than 

the average exposure of workers in Crew II. Estimated 

respiratory exposure accounted for less than 1% of the total 

Table 1. Exposure of workers to lead arsenate, ethion, and paraquat 

(22, 23, 24). 

Suppliers Applicators 

^Florida Agricultural Experiment Stations Journal Series No. 2789. 

Arsenic 

Mean dermal exposure (mg/hr) 

Mean respiratory exposure (mg/hr) 

Mean urinary excretion (ppb As) 

Ethion 

Mean dermal exposure (mg/hr) 

Mean respiratory exposure (mg/hr) 

Urinary metabolitis 

Mean ppb DETP 

Mean ppb DEDTP 

ChE (% change) 

Paraquat 

Mean dermal exposure (mg/hr) 

Mean respiratory exposure (mg/hr) 

109 

0.005 

231 

1799 

0.005 

266 

350 

10.4 

69 

0.005 

86 

1972 
0.004 

133 

183 

+2.5 

22 

0.004 
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arsenic exposure. The mean dermal exposure for all workers 

in a 10-hr day was 850 mg, a value much lower than the 

short-term no-effect level for arsenic (100 mg/kg body 

weight or 7,000 mg total arsenic exposure for a 70 kg man) 

established by the Environmental Protection Agency (9). 

Exposure was significantly higher for the hands and legs 

than for other areas of the body (Fig. 1). Accumulated total 

body exposure to arsenic was correlated with the urinary 

arsenic concentration (R = 0.73). Although no worker 

exhibited symptoms of clinical arsenic poisoning, both 

suppliers in the study exceeded the 200 ppb level of urinary 

arsenic which is considered suggestive of arsenic poisoning 

(14). The mean applicator urinary arsenic levels were well 

below the threshold limit for arsenic excretion. 
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Fig. 1. Worker exposure to arsenic (mg/hr) by anatomic region (22). 

Ethion. Seventeen men were monitored for exposure to 

ethion applied with airblast spray equipment (23). The 

mean dermal exposure to ethion was 1799 mg/hr for 

suppliers and 1972 mg/hr for applicators (Table 1). Respira 

tory exposures to ethion were 0.005 mg/hr and 0.004 mg/hr 

for suppliers and applicators, respectively. Exposure to the 

hands was significantly higher than for other anatomic 

regions. Suppliers received a significantly greater percentage 

of dermal exposure to the hands than did the applicators. 

The percentage of total dermal dose of ethion for the head 

and neck, chest and arms was significantly higher for ap 

plicators (Fig. 2). 

The only metabolites of ethion found in the urine 

were DETP (diethyl thiophosphate) and DEDTP (diethyl 

dithiophosphate). The mean concentrations of these dialkyl 

phosphates excreted by suppliers were 266 ppb DETP and 

350 ppb DEDTP (Table 1). Applicators excreted sig 

nificantly lower concentrations. A significant correlation 

was found between the group mean ppb DETP, DEDTP 

levels and ethion exposure to the hands on a given day. 

The positive correlation between the concentration of 

dialkyl phosphates excreted by suppliers was higher than 

the correlation of applicators, suggesting greater absorption 

by the hands in comparison to other anatomic regions. 

Greater decreases in ChE activity also indicate greater ab 

sorption of ethion by suppliers (Table 1). There were no 
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Fig. 2. Worker exposure to ethion (% of the total dermal exposure) 

by anatomic region (23). 

overall significant differences between dermal exposure to 

suppliers and applicators. 

Paraquat. Paraquat was applied by 5 men using tractor-

mounted low-boom spray equipment (24). Each worker 

mixed, loaded, and applied paraquat. The mean dermal 

exposure to paraquat was 22 mg/hr (Table 1). The highest 

exposures were to the hands and legs (Fig. 3). 
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Fig. 3. Worker exposure to paraquat (% of total dermal exposure) 
by anatomic region (24). 

Conclusions 

Workers applying ethion received the highest exposure 

levels. Application of lead arsenate resulted in the second 

highest exposure levels. Application of paraquat with a 

low boom sprayer resulted in the lowest exposure. Although, 



the exposure levels of all 3 compounds were below the levels 
expected to result in acute hazard to workers, preventive 

practices such as wearing elbow-length vinyl gloves while 

mixing and loading concentrated formulations could reduce 

dermal exposure by 50 to 75% (22, 23). Other precautionary 

measures include keeping spray equipment in good condi 

tion, providing shower facilities and requiring workers 

to use them, encouraging workers to wear frequently 

laundered heavy cotton clothing, teaching the workers to 

have a healthy respect for all pesticides, and instructing 

workers what to do in case of accidental spills. The use of 

a closed system for handling concentrated formulations and 

loading spray machines would also eliminate a major source 

of pesticide contamination (13). Although, impermeable 

clothing provides excellent protection if properly used, 

covering skin already contaminated with pesticides may 

lead to greater absorption (18). The use of impermeable 

clothing may also increase absorption by workers applying 

fumigants. 
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Abstract. 'Pera' sweet orange (Citrus sinensis (L.) Osb.) is 

susceptible to CTV-induced decline when budded on sour 
orange (C. aurantium L) and is also highly susceptible to 

CTV-induced stem pitting. Many 'Pera' groves were severely 

affected by stem pitting even though propagated on the 
decline-resistant Rangpur lime (C. reticulata var. austera 

hybrid), and by the late 1950's, planting of this important 

variety was discouraged in the State of Sao Paulo, Brazil. Sub 

sequently, we found that trees experimentally infected with 

mild strains were protected against the severe, naturally-
occurring strains. The stem-pitting effects of tristeza are now 

being satisfactorily controlled under commercial conditions 

62 

by the use of mild strains. Apf woximately 10,000,000 trees of 

mild strain-protected 'Pera' sweet orange, the most important 

variety for Sao Paulo, are in nurseries, young groves, and 
producing orchards. Good protection also has been observed 

against the very severe Capao Bonito strain of CTV which 

occurs in the south of Sao Paulo. The protection of other 

citrus types with mild CTV strains, as well as the reutilization 

of the sour orange as a rootstock, is under investigation. 

Tera' sweet orange {Citrus sinensis (L.) Osbeck), a late 

variety that presently represents 45% of the commercial 

plantings of the State of Sao Paulo, Brazil (6), always has 

been one of its most important round oranges (16). The 

fruit holds well on the tree without loss of quality, and 

also has good storing and shipping qualities. 

Along with the other citrus budded on sour orange (C. 

aurantium L.), Tera' "was nearly wiped out when the 

tristeza virus was introduced into Brazil. The observation 

that scions budded on sweet orange, Rangpur lime (C. 
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