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ABSTRACT 

Peach harvester exposure to azinphos-methyl (AZM) residues 

estimated by the Transfer Factor (TF) ratio of Dislodgeable Foliar Residue 

(DFR) to Daily Dermal Exposure (DDE) was compared to estimates based on 

the relationship between dermal exposure and dialkylphosphate metabolite 

excretion. DFR was monitored in four orchards from the time of pesticide 

application through harvest. Eleven male harvesters wore cotton tee-shirt 

dosimeters and provided area-specific skin washes and wipes for DDE 

monitoring during work operations. Urinary dialkylphosphate metabolites 

of AZM were also monitored and compared to DDE results. During a later 

harvest for which DDE was not determined, the dermal exposure estimated 

by the TF (1,310 ng) was comparable to the estimates based on 

dialkylphosphate excretion (1,456 -1,534 (xg). A repeated measures ANOVA 

showed that harvesters' cholinesterase levels were significantly lower than 

non-harvesters'. No significant reductions in cholinesterase levels were 

detected over time. 
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INTRODUCTION 

Organophosphate residue poisoning has been a recognized 

occupational hazard since the release of this class of pesticides in the 1940s. 

For field laborers, the adverse health effects of the organophosphate (OP) 

pesticides primarily result from prolonged contact with the foliage of 

treated crops. The extent to which field laborers are adversely affected by 

dermal contact with OP residues is difficult to assess since most of their 

pesticide-induced illnesses are chronic rather than acute (Coye, 1984; Sharp, 

1986). Defining the dose-response mechanism for these moderate effects is 

further complicated by the numerous types of pesticides in use, as variation 

in individual metabolism and exposure rates. In addition, the 

predominantly migrant and seasonal work force employed in agriculture 

does not lend itself to long-term surveillance (Wilk, 1986; Miester, 1990; 

Coye, 1984). 

In order to control for these variables, exposure assessment models 

have focused on specific pesticides, crop types, and work practices. The 

transfer factor model is a ratio of measured dermal exposure from 

performing specific job tasks in treated crops to the quantity of dislodgeable 

residues on the leaf surfaces of that crop. The transfer factor (TF) is 

expressed in cm2/hr, resulting from daily dermal exposure, in (ig/hr, 

divided by dislodgeable foliar residue, in ng/cm2 (Popendorf, 1982; Nigg, 

1984: Zweig, 1985). The transfer factor can be used as an empirical factor for 

approximating the dermal exposure rates of harvesters without the need 

for human subjects (Zweig, 1985). This makes it a potentially valuable tool 
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for those responsible for assuring safety in the agricultural work place. The 

California Department of Food and Agriculture Worker Health and Safety 

Unit has developed transfer factors for harvesting in OP-treated crops 

ranging from 4,000 to 30,000 cm2/hr (Krieger, 1990). 

Investigators have also attempted to establish a correlation between 

daily dermal exposure to a specific OP and the urinary excretion of the 

metabolite of that OP (Franklin, 1983 and 1981; Durham, 1972; Feldman, 

1973). By examining the relationship between urinary metabolites and 

dermal exposure, investigators are one step closer to determining the extent 

of OP absorption into the body where its anticholinesterase effects can be 

exerted. Plasma and red blood cell cholinesterase have also been used as 

indicators for OP exposure and absorption (Quinones, 1976; Levin, 1976; 

Brown, 1978). The activity of these enzymes provides an indication of OP-

induced neural acetylcholinesterase inhibition which produces the classic 

symptoms of OP exposure. However, individual variation limits the 

predictive value of blood cholinesterase activity as a biological marker for 

indicating the extent of OP exposure except in instances of acute poisoning 

(Butchel, 1984). 

Exposed Occupational Groups 

Two basic categories of workers are occupationally exposed to 

organophosphate pesticides. The first group consists of pesticide handlers 

involved in the mixing, loading and application of pesticide formulations. 

The high rate of pesticide-related injury in these workers is due to their 

acute exposure to high concentrations of pesticides. In developed countries, 
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illness in this group is primarily due to accidental spills (Buchel, 1984). A 

second category consists of a much larger number of field workers who are 

exposed to pesticide residues on the foliage of crops and in soils of the 

treated fields in which they work. Field workers may be involved in 

harvesting or other "cultural practices" such as propping or thinning of 

crops. The pesticide exposure of this group differs from that of the handler 

group in that it is chronic, low-dose exposure primarily involving dermal 

absorption (Knaak, 1985; Popendorf, 1982; Kahn, 1976). 

Re-entry Intervals 

Re-entry intervals have become the primary means of protecting 

field laborers from exposure to hazardous levels of pesticide residue. The 

interval is defined as the time period between application of a pesticide and 

re-entry into the treated field by workers for the purpose of performing 

work activities involving prolonged contact with the foliage (Kraus, 1981). 

Harvest intervals, established by the Federal Food, Drug and Cosmetic Act, 

were the first regulations to mandate a waiting period between pesticide 

application and crop harvest for the purpose of controlling residue levels 

on foodstuffs. These intervals were, however, intended for consumer 

rather than worker protection (Gunther, 1973). Currently, Environmental 

Protection Agency (EPA) lists tolerance levels for residues on food under 

the Toxic Substances Control Act (EPA, 1989). 

The Occupational Safety and Health Administration (OSHA) was the 

first federal agency to establish pesticide re-entry standards intended to 

protect the health and safety of field workers. The intervals were initially 
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proposed as temporary emergency standards in 1973. Waiting periods of up 

to 45 days were required after the application of 21 specific 

organophosphorous insecticides on citrus, peaches, grapes, tobacco, and 

apples. Within six weeks the initial standards were replaced with less 

stringent standards covering only nine organophosphates with intervals 

ranging from one to three days for wet areas and up to 14 days for dry areas 

(based on average rainfall greater or less than 25 inches) (OSHA,1973). After 

a jurisdictional dispute, the Federal Court gave the Environmental 

Protection Agency authority to set and administer reentry standards. Final 

EPA reentry standards, published in the Federal Register in 1974, required 

48-hour reentry intervals for 11 organophosphate pesticides, endrin, and 

endosulfan (EPA, 1974). In addition, states were given the responsibility 

and authority to set additional restrictions to address local problems. 

There has been a long history of residue poisonings in the state of 

California. During the period between 1950 and 1980, 30 incidents of 

residue intoxications involving over 700 workers were reported in the 

state. (Maddy, 1990) California has since established state reentry intervals 

requiring five to 30 days before reentry. (3 Cal Adm Code 6772, 1989) The 

current California reentry intervals for azinphos-methyl are 14 days for 

peaches, apples and nectarines, 21 days for grapes, and 30 days for citrus. 

The EPA reentry interval for azinphos-methyl is 48 hours on all crops. 

Even with longer intervals, there have still been numerous cases of 

illnesses among California field crews due to residue exposure. According 

to the California Department of Health Services, field residue exposure 

accounted for 25% of injury and illness cases involving pesticides and 17% 
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of lost time disabilities during 1987. Azinphos-methyl accounted for 23.2% 

of the cases of systemic illness due to residue exposure (Maddy, 1990). 

Lack of Surveillance Programs for Harvesters 

The State of California has also established limits on the permissible 

level of cholinesterase depression and requires medical surveillance for OP 

pesticide handlers (3 Cal Adm Code 2477, 1990). Action levels and specific 

guidelines are based on enzyme activity depression to below 50% of the 

worker's pre-exposure baseline level for plasma cholinesterase and 40% for 

RBC cholinesterase. The surveillance program applies to pesticide 

manufacturers, mixers, loaders and applicators who are subject to acute 

exposures to pesticides at full strength. Field workers, including 

harvesters, are exempted from this regulation and are instead assumed to 

be protected by re-entry intervals. 

Route of Entry for Pesticide Residues 

The skin is the major route of entry for pesticide residues. An 

estimated 87% of total exposure is believed to come from skin contact 

(Durham, 1962). Only an additional 1-2% of the dose is contributed by 

inhalation exposure (Knapp, 1983). 

Percutaneous Absorption of Residues 

The stratum corneum is the protective covering of the skin which 

serves to prevent both the entry of foreign substances and dessication of the 

underlying epidermis. The outer portion of the stratum corneum is the 

stratum disjunctum, which is not a barrier and allows exogeneous 
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chemicals to easily penetrate (see Figure 1). Once in this area, washing can 

not remove the chemical and further penetration of the stratum corneum 

is possible. When a chemical manages to pass through subsequent layers 

of the stratum conjunctum, penetration in to the epidermis and absorption 

into the circulatory system can occur (Hayes, 1982). 

'STRATUM fa&HJNCTUM 

CORNIUM [C0NJUNCTUM 

STRATUM GRANULOSUM 
STRATUM SPINOSUM 
STRATUM GERMANTIVUM 

'CAPILLARY' 

SWEAT DUCT 

BLOOD VESSEL-

SWEAT GLAND 

CONNECTIVE TISSUE 

FAT 

.HAIR FOLLICLE 

'mm. 
MUSCLE 

SEBACEOUS 
GLAND 

Figure 1: Cross-sectional Diagram of Human Skin (Hayes, 1982) 

Sweat glands, hair follicles and sebaceous glands also extend through 

the stratum corneum into the epidermis. However, the cross sectional area 

of the pores of skin appendages is very small and the outward movement 

of the sweat and sebum acts to retard chemical penetration through the 

skin (Tauber, 1989). It is via the stratum corneum that most percutaneous 

absorption occurs. 
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Factors Influencing Absorption Rate. 

The likelihood of a pesticide penetrating the epidermis and entering 

the systemic circulation is dependent upon the characteristics of both the 

chemical and the skin. Lipophilic compounds are absorbed more readily 

than hydrophilic compounds. Also, large molecules are less likely to be 

absorbed than are smaller molecules. However, at the size range for most 

pesticides, molecular size is not a main factor for absorption. 

Dosage There is a direct relationship between the absorption rate and the 

dose per unit area of the pesticide. The concentration of the applied dose 

also affects the absorption rate. Using these factors, a penetration constant, 

p, can be calculated based on the assumptions of Fick's Law where the 

difference in concentration on either side of the membrane is proportional 

to the penetration rate (Equation 1). The units generally used in toxicology 

for expressing permeability are |j.g/cm2/hr (Hayes, 1982). 

Penetration= steady penetration rate (ug/cm2/min) Equation 1: 

Constant, p concentration (g/cm2) Penetration Constant 

Absorption Rates at Different Anatomical Regions The texture and 

visible appearance of the skin varies from one anatomical region to 

another. This is influenced by the number of hair follicles and sweat pores 

in each region Maibach and Feldman (1971). observed varying absorption 

rates of topically applied parathion from different body regions, see Table I. 

Approximately 8.6% of the applied dose was absorbed from the forearm. 
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The palm of the hand and ball of the foot absorbed slightly more. Areas on 

the head including the scalp, angle of the jaw, postauricular and forehead 

absorbed four times more parathion than the forearm, while the 

intertriginous area of the axilla absorbed five times more. 

Table I 
Affect of Anatomical Region on Percutaneous Absorption of 

Parathion in Man 

Percentage of Dermal Anatomical Region Topically 

Dose Absorbed * Applied with 14 C-Parathion** 

8.6 Forearm 
11.8 palm of hand 
13.5 ball of foot 
20.99 dorsum of hand 
28.3 fossa dubitalis 
32.1 scalp 
33.8 angle of jaw 
34.0 postacricular 
36.3 forehead 
46.5 ear canal 
63.9 axilla (intertriginous area) 
1015 scrotum 

Six adult male subjects per experiment. 
* Based on urinary excretion corrected for incomplete recovery 
from IV control data; ** Dose was 4 pig/cm^. (Maibach and Feldman, 1971) 

Area and Condition of Exposed Skin The absorption of a pesticide is 

proportional to the area of the skin exposed to that pesticide. The condition 

of the exposed skin will also have an effect on the rate at which the 

pesticide will penetrate. If the barrier properties of the stratum 
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conjunctum are compromised, absorption can be expected to increase. Such 

conditions would include: 

-prolonged contact with organic solvents or water, 

-thermal or chemical burns, 

-irradiation, inflammation, and abrasions (Hayes, 1982). 

Blood Volume and Circulation Vasoconstriction at the epidermis reduces 

absorption whereas vasodilation from fever, local inflammation, and high 

ambient temperature increase circulation and absorption rate. Traeger 

(1966) noted an increase in absorption rates by factors of 1.4 to 3.0 for each 

10°C increase in ambient temperature. When a chemical has been 

absorbed, the concentration gradient between the blood and and the 

capillaries directly adjacent to the absorbing tissue increases. This also 

affects the gradient between the localized area of absorption and the 

remainder of the epidermis. 

Inter-species Differences There is a wide range of inter-species variation 

in dermal absorption which must be taken into consideration when 

extrapolating the results of in vitro animal studies to humans. In order of 

descending transdermal penetration rates, generally the skin of the rabbit, 

rat guinea pig, and pig absorb exogenous chemicals at a greater rate than the 

skin of man (Hayes, 1982). 

Dermal Dosimetry for Monitoring Exposure 

To date, the majority of residue exposure studies have been 

conducted using surgical gauze pads placed on the body to measure 

exposure at various locations. This technique is part of an approved 
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protocol for both the World Health Organization and the EPA (WHO, 1982; 

EPA, 1974). The quantity of residue on the pad is then extrapolated to the 

area of the body region which it represents. Some investigators have 

questioned the adequacy of patch data which they point out to be 

inconsistent in showing any correlation with urinary metabolite data 

(Franklin, 1981; Lavy and Mattice, 1985). They claim that the extrapolation 

of collected residues from the gauze pads overestimate dermal exposure. 

Another method has included a fluorescent tracer technique coupled with 

video imaging (Fenske, 1987). This method, however, provides more 

qualitative than quantitative data. 

Recent regulatory studies at the CDFA have used 100% cotton tee-

shirts as upper body dosimeters in combination with area-specific skin 

wipes. Theoretically, this method should capture the residue deposited on 

the torso, shoulders, back and arms, eliminating the need for extrapolation. 

This method has been employed in similar studies of azinphos-methyl 

exposure in peach harvesters (Spencer, 1989b). The data from the current 

investigation can be directly compared to the previous studies. 

Biotransformation of Azinphos-methyl 

Bioactivation to an Anticholinesterase Agent 

The activation of the parent azinphos-methyl compound, which has 

no direct anticholinesterase activity, is a prerequisite for the inhibiting 

action of the activated organophosphate. In vitro studies have shown that 

NADPH-dependent, mixed function oxidases, are responsible for this 

transformation (Murphy, 1975). The substitution of the thio moiety (=S) by 
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the oxo moiety (=0) confers cholinesterase inhibiting capability on the 

compound (Matsumura, 1985). Figure 2 shows the general mechanism for 

the oxidation of azinphos-methyl to a cholinesterase inhibiting oxone and 

the formation of the urinary metabolites dimethylphosphate and 

dimethylthiophosphate. 

<CHO)2-P-S-CHR c© 
Azinphos-methyl 

HS-CH. 

Mercaptomethyl Benzazimide 

(CH30)2-

? ° 
P-S-CH «/CV^| 20@ 

Azinphos-methyl Oxon 

(CH30)2-P-0H 

Dimethylphosphate (DMP) 
X® 

Benzazimlde 

lCHJ0)2~l>*0H 

Dimethylthiophosphate (DMTP) 

Figure 2: Azinphos-methyl Oxidation by Mixed Function Oxidases. 
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Formation of Dialkylphosphate Metabolites 

Hydrolysis with glutathione (GSH) yields the dimethyldithiophosphate 

compound, which is measurable in the urine (Figure 3). This mechanism 

has been proven by pretreatment with diethyl maleate or methyl iodide, 

both of which deplete stores of GHS. pretreatment in this manner has also 

been shown to potentiate OP toxicity by decreasing the concentration of 

GHS available to inactivate the pesticide (Hayes, 1982). 

Azinphos-methyl 

GSH Trsnsl eras 

O 

Gluthionyl Methybenzazimide Desmethyl Isoazinphos-methyl 

+ 

s 
(CH Ol-P-S-CH 

3 2 • 

Dimethyldithiophosphate (DMDTP) 

Figure 3: Hydrolysis of Azinphos-methyl by Glutathione 
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Urinary Metabolite Monitoring as an Estimate of Exposure 

The major urinary metabolites of azinphos-methyl (AZM) have been 

identified as dimethylphosphate (DMP), dimethylthiophosphate (DMTP) 

and dimethyldithiophosphate (DMDTP). Detailed pharmacokinetic data on 

the percutaneous absorption of AZM is limited. Applicable metabolism 

data is available on the relationship between topical application of AZM 

and urinary excretion of dialkylphosphate (DAP) metabolites. 

In laboratory investigations, an estimated 60% absorption of topically 

applied AZM has been observed in rats (Franklin, 1983). Monkeys and 

humans have been estimated to absorb 30 to 40% of topically applied 

compound (Feldman, 1973; Bucks, 1990). These investigators used a 

radiolabeled AZM compound. The radiolabel in Franklin's compound 

was located on the ring portion of the molecule. Feldman and Maibach did 

not report the location of the radiolabel in the compound they used. In a 

communication with the CDF A, the investigators were not able to recall 

the exact location of the label. However, they felt it may not have been a 

ring-labeled compound (Sanborn, 1990). This detail is of concern because 

the benzotriazine ring of the azinphos-methyl molecule is transformed at a 

slower rate than the alkylphosphate portion, thus radioactivity 

measurements would not be indicative of dialklyphosphate excretion 

which is the biological marker used in this study. 

To offset this, Franklin used a balanced approach of comparing both 

the urinary concentration of both the and the dialkylphosphate 

metabolite dimethylthiophosphate (DMTP) from unlabeled azinphos-
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methyl after separate dermal administrations. A similar pattern of 

excretion was noted with both the ring-labled isotope and DMTP excretion 

estimations. 

Table II shows the ratios of topically applied azinphos-methyl to 

urinary DAP metabolites excreted as determined by various laboratory 

investigations. A ratio of 10:1 has been noted in humans by Franklin (1983) 

for cumulative DMTP excretion at 72 hours post-exposure. A correlation 

has been observed in applicators between 48-hour DAP excretion and the 

amount of active ingredient sprayed. Also noted is that individual 

variability in terms of excretion rates decreased by 48 hours after exposure 

and that most of the dialkylphosphate metabolites are excreted by this time 

(Franklin, 1983). 

Table II 

Dialkylphosphate Excretion After Topical Administration of 
14 C Azinphos-methvl 

Percent of Topical 
Dose Excreted as: Humana Rat a Humanb 

DMTP* Equivalents 10 % 9.25 % 

(23.6%**) (20.6%**) 

Total Metabolites 16% 

a. Franklin, et al. (1983), data results corrected for incomplete urine excretion with 
IM dosing data. 

b. Feldman and Maibach (1973), corrected for incomplete urine excretion with IV 
data. 

*Dimethylthiophosphate 
* * percentage adjusted to molar equivalent basis. 
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Monitoring the Effects of OP Exposure on Cholinesterase Activity 

The most serious consequence of organophosphate intoxication 

arises from the phosphorylation and subsequent inhibition of the enzyme 

acetylcholinesterase. Incidents of field worker poisonings from OP residues 

are characterized by the symptoms resulting from the inhibition of neural 

acetylcholinesterase (AChE). Acetylcholine is the chemical transmitter of 

nerve impulses at the nerve endings of cholinergic neurons. The OP 

phosphorolation of neural AChE is estimated by monitoring plasma and 

red blood cell cholinesterase activity. 

Acetylcholine Receptors and Effects 

Electrical impulses stimulate secretion of neurotransmitter 

acetylcholine from nerve endings into the synaptic cleft. The 

neurotransmitter crosses the synaptic cleft and interacts with specific 

receptors on the membrane of the post-synaptic nerve cells. The post

synaptic nerve cell is stimulated and triggers an action potential which 

perpetuates the nerve impulse to its final destination. 

The rapid removal of acetylcholine from the synaptic cleft is 

necessary to terminate the stimulation of the post-synaptic nerve. This is 

accomplished by acetylcholinesterase (AChE), a highly specific esterase 

which catalyzes the hydrolysis of acetylcholine to choline and acetate. High 

concentrations of this enzyme are found in the cell membranes at 

cholinergic nerve endings as well as in red blood cells, the placenta and 

other membranes. Acetylcholine is also hydrolyzed by other non-specific 

esterases including pseudocholinesterase which is found in the plasma. 
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Differences between Plasma and RBC Cholinesterase The OP induced 

inhibition of acetylcholine esterase (AChE) in the peripheral and central 

nervous system results in the disruption of neurologic control in the body. 

After intoxication by an OP, blood cholinesterase levels can be correlated 

with the extent of exposure. The biochemistry of red blood cell AChE is 

similar to that of neural AChE, than is non-specific plasma cholinesterase 

(ChE). However, plasma ChE activity is more sensitive to inhibition than 

red blood cell AChE. Thus, after a short exposure to an anticholinesterase 

compound such as AZM plasma ChE will be inhibited before red blood cell 

AChE, and even before symptoms of poisoning develop. This rapid 

response makes plasma ChE a good indicator of absorption of an 

anticholinesterase compound but it is not as accurate for indicating the 

enzyme activity in the tissue. Thus, the red blood cell AChE activity level, 

which is as sensitive as tissue AChE, is a better guide for what is taking 

place at the level of the neurons after brief exposures. 

Factors Affecting Exposure Dose 

Application of the Pesticide 

Even application is necessary in order for the pesticide be effective at 

mitigating the insect pressure in the treated fields. It is assumed that the 

foliage and fruit surfaces contacted by the harvester were treated with a 

homogeneous application of pesticide. This would result in even residue 

levels throughout a treated orchard. To achieve a homogeneous 

application, some pesticides are formulated as wettable powders capable of 

forming a suspension. The wettable powder is a dry mixture of a toxicant, 
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an "inert" diluent and a small quantity (usually 2-5%) of a wetting agent or 

other adjuvant. The purpose of these additional ingredients is to enhance 

the dispersion and suspendability of the pesticide in the spray tank, its 

distribution efficiency and its ability to adhere to leaf and other surfaces. 

Active ingredient concentrations of 25-50% are the most common when 

the powder is prepared (Ebeling, 1963). 

Equipment design is another factor in the application process. A 

typical ground application spray rig is equipped with an agitator on the 

bottom of the tank to prevent the suspension from separating and a 

motorized pump and pressure system separate from the engine motor to 

insure a constant flow during application. The gallon per minute discharge 

is adjusted by arranging the nozzles on the rig so that two-thirds of the 

spray is dispersed from the top half of the spray manifold and the 

remainder through the bottom. This procedure adjusts the deposit ratio so 

as not to over spray the bottom half of the tree, which would ordinarily be 

the case due to the location of the sprayer in relation to the tree. This is 

configuration is depicted in Figure 4. 

Environmental Distribution of Pesticide Residues 

Dislodgeable foliar residues (DFR) taken from the time of 

application to the time of harvest show the degradation and half-life of the 

parent compound as it disappears and is oxidized to the oxone. The foliar 

residues can be used as an index to predict the potential dermal or 

respiratory exposure in a treated area. Any metabolites of toxicological 
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significance, such as the AZM oxone, should also be quantified in order to 

assess total exposure potential. 

Contaminated Dust Azinphos-methyl and its oxone distribute into the 

environment by partitioning onto leaves, surface dust and the soil. The 

DFR method isolates only the surface, water-soluable residues contributing 

to worker exposure. Another method, the available residue method, 

attempts to extract only the loosely adhering portion of the surface residues. 

A comparison of the two methods has brought to light the possibility that 

residues may partition onto the leaves of different trees and crops at 

varying rates (Popendorf, 1984). The AZM residue measurements obtained 

by the DFR method and the available residue method differ an order of 

magnitude between peach foliage (0.14 to 0.23) and citrus foliage (0.01 to 

0.03). Actual-to-predicted exposure, therefore, may vary for the same 

pesticide from one crop to another. These differences may reduce the 

predictive value of a pesticide-specific transfer factor across crop types. 

Once pesticide residues have been absorbed by foliar and soil surface 

dust, the contaminated dust can serve as a vehicle for worker exposure. 

Disruption during harvest operations can create airborne concentrations of 

dust Airborne dust presents a potential respiratory exposure hazard as well 

as contributing to dermal exposure by settling on to the worker. 

Meanwhile, the undisturbed portion of the dust is available for contact 

transfer from the leaf surface to the worker. Surface dust appears to be 

more contaminated with pesticide residue than the aerosolized portion of 

the dust (Popendorf, 1980). This difference is less pronounced for total 

available residues than for the dislodgeable residues alone, but is greater for 
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the oxone versus the parent compound. Particle size is the determining 

factor for whether aerosolized dust contributes significantly to exposure. 

Figure 4: Schematic of Nozzle Size and Placement on the Spray Rig for 

Uniform Pesticide Application (Dibble, 1989) 

Particle Size Diameter The size of the dust particle and dust particle 

clumps into which the residue has partitioned may play a role in the 

degradation of parent AZM compound into the oxone. Small particles (5-10 

|im) may be the most conducive to the formation of oxone due to the 

greater availability of the residue for oxidation. Fine particles would also 

allow for greater dermal absorption than course or large particles (Hayes, 

1982). Some results, however, have shown that the oxone may be more 

concentrated on large particles (100-200 (im) simply because there may be 

more residue in these particles to be transformed (Knapp, 1983). Popendorf 

(1980) has observed that most of the foliar dust agglomerates into clumps of 

Size order of the nozzles Spray rig in relation to the tree 
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50-200 |im in diameter on the surface of citrus leaves. In the DFR sampling 

method, clumps make up a greater percentage of the collected particles than 

they do in the available residue method and in collected aerosol samples. 

Aerosol samplers are not efficient at collecting large diameter particles. The 

respirable fraction of foliar dust, however, has been shown to represent 

only 1-2 % of total exposure dose with dermal contact contributing to the 

bulk of exposure (Knapp, 1983). The DFR method of residue analysis 

appears to give a better quantitative approximation of the environmental 

residue levels available for potential exposure as compared to the other 

methods. 

Formation of Oxon The oxygen analog, or oxon, of azinphos-methyl is the 

transformation product of greatest toxicological significance. The oxone is 

formed by oxidation of the parent compound. Oxone concentrations can 

be detected seven to 14 days post-application. Formation continues up to 30 

days after application after which time the oxone concentration begins to 

decline as the compound is degraded (Spencer, 1991). It can be extracted and 

analyzed along with the parent compound. The toxicity of the oxon has 

been demonstrated to be 30 times higher than the parent compound in 

terms of ability to depress acetylcholine esterase activity (Popendorf, 1982). 

It is generally assumed that organophosphates follow a first order decay 

model (Spear, 1975). Several incidents of harvester poisonings in 

California have been traced to elevated azinphos-methyl oxone levels 

which suggests that the oxone does not decay in the same manner as does 

the parent (Nigg, 1984). Investigators have noted a lack of reported 

harvester poisonings in other states, which suggests the possibility of 
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variations in oxone decay rate in different regions. Factors which may lead 

to abnormal oxon levels include: weather conditions; variation in 

degradation rate from parent to oxone; and dusty conditions and/or 

wettable powder formulations. Some investigators have reported that 

foliar dust, as a transport vehicle, may not be as important as the actual 

residue level when assessing harvester exposure to pesticides (Nigg, 1984). 

This concern has prompted the development of separate harvester 

exposure models for different geographical locations (Knaak, 1982). 

Half-life of Azinphos-methyl 

The period between application and harvest is another consideration 

when determining workers' exposure. The legal reentry interval for 

azinphos-methyl is 14 days in California (CDFA, 1989). In the current study, 

harvesting began at 52 days post-application, well beyond the reentry 

interval. Residue degradation curves were developed from DFR levels 

sampled from the time of pesticide application to the time of harvest. 

Previous studies have determined the half-life of azinphos-methyl residues 

to be approximately 30 days (Schneider, 1989, 1990). Due to the influence of 

the degradation rate on the DFR level, half-life estimates can be used in 

conjunction with TF approximations to predict when residues have 

decayed to safe levels for worker reentry. 

Overview of Harvest Procedures 

During the manual harvest of peaches, a worker is physically 

immersed in the branches of the tree. The harvester uses a three-legged 
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step ladder to ascend into the tree at the level of the fruit. The worker is in 

contact with leaf surfaces from head to toe. The fruit is grasped, pulled 

downward and deposited into a large canvas bag. The bag is attached 

around the shoulders and back, extending in length from the chest to just 

above the knees. Once the bag has been filled with fruit, the worker 

descends the ladder and deposits the fruit into sorting bins. This process is 

repeated continuously throughout the duration of the work shift. 

The hands have the greatest contact with both the fruit and the leaf 

surfaces. The harvesters do not usually wear gloves when working. The 

canvas bag covers the front of the worker but provides little to no 

protection since it was not developed for this purpose. 

The Transfer Factor as a A Means of Predicting Residue Levels 

Many investigators have proposed the use of an empirical transfer 

factor for the approximation of worker exposure to pesticide residues 

(Zweig, 1985; Popendorf, 1981; Nigg, 1984). The transfer factor (TF) is a ratio 

of daily dermal exposure (DDE) to dislodgeable foliar residue (DFR), 

expressed in units of cm2/hr. This relationship is shown in Equation 2. 

DDE is a time-weighted rate derived from dermal exposure 

measurements and work shift duration. Dermal exposure is usually 

determined by means of some type of dermal dosimetry method ( eg. wipes, 

TF (cm2/hr) = DDE (iig/hr) 

DFR (|Ag/cm?) 

Equation 2 : 

Transfer Factor 
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washes, patches, or clothing). DFR, as described earlier, is the quantity of 

water-soluable residue per unit area of leaf surface. Good correlations have 

been obtained for dermal exposure versus leaf residue, suggesting the 

usefulness of transfer factors for predicting residue exposure for specific 

operations on specific types of crops (Zweig, 1985). 

To mitigate the possible effects of geographical differences on 

residues, those transfer factors developed by the California Department of 

Food and Agriculture, and used herein for comparison, were all developed 

within the same geographical region. The CDFA transfer factors for tree 

fruit harvesting range from 4,000 to 30,000 cm2/hr (Krieger, 1990). 

Research Objective 

The objective of this investigation is to evaluate estimates of peach 

harvester exposure to azinphos-methyl residues based the transfer factor 

model as compared to estimates based on the relationship between dermal 

residue exposure and the excretion of urinary dialkylphosphates. A peach 

harvest was selected in order to assess the transfer factors associated with 

this particular crop for hand-harvest operations. Azinphos-methyl (AZM) 

is a widely used pesticide in northern California and has been implicated in 

incidents of worker intoxications (Maddy, 1990). It was chosen as the 

exposure organophosphate for this reason, and because absorption and 

metabolic data are available for this compound (Feldman, 1974; Franklin, 

1983). The findings of an earlier field study conducted at the same location 

are used to evaluate the conditions under which a transfer factor is 

applicable (Spencer, 1989b). 
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Dislodgeable foliar residue (DFR) samples were collected to monitor 

the environmental degradation of AZM from the time of its application 

until harvest in the treated orchards. An orchard of Gaum variety peaches 

was harvested in August, and a second orchard of Sullivan peaches was 

harvested in September. Dermal dosimetric methods were used to 

measure the quantity of AZM residues deposited on the skin of harvesters 

during the course of their work in the treated Gaum orchards. Daily 

dermal exposure (DDE) and DFR data were used to produce transfer factors 

for two harvest days. These transfer factors were combined with those 

derived from earlier CDFA investigations to produce a regression equation 

for DFR and DDR. This equation was then used to estimate the dermal 

exposure for the Gaum harvest when DDE was not monitored. 

Exposure monitoring was performed to evaluate the transfer factor 

in terms of the biological markers affected by residue exposure. Urinary 

excretion of dialkylphosphate metabolites of AZM were monitored in 

harvesters and non-harvesters for up to 140 hours after their initial 

exposure. Metabolites were also monitored for one day during the second 

harvest. Exposure estimates for the second harvest derived from the ratios 

of metabolite excretion to measured dermal exposure were compared to the 

estimated based on the transfer factor for the second harvest. Red blood cell 

(RBC) cholinesterase activity was used to monitor the anticholinesterase 

effects of AZM resulting form the measured levels of DDE, DFR and 

urinary metabolites. The cholinesterase activity of the harvesters was 

evaluated by comparison to a group of non-harvesters working in the 

same orchards. 
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All work was conducted under the direction of the research and 

laboratory personnel of the California Department of Food and Agriculture 

Worker Health and Safety Unit, Sacramento, CA (Hernandez et al., 1990). 
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METHODS AND MATERIALS 

The Study Site 

A cling peach grower near Rio Oso, California, located in the 

Sacramento Valley, agreed to allow the use of his orchards and harvest 

operations for study. This particular grower had hosted a field study the 

previous year and was familiar with the objectives and methods used by 

CDFA. The grower contacted the study staff when the application of 

azinphos-methyl was made on four different varieties of cling peaches 

(Gaum, Andross, Halford and Davis). The Gaum orchard was later selected 

as the study site. 

Table HI outlines the dates for which pesticide application, work in 

treated fields and study procedures were performed. A schematic of the 

Gaum orchard is depicted in Figure 5. 

Dislodgeable Foliar Residue (DFR) Analysis 

Application of Azinphos-methyl 

The treatment of peach orchards with azinphos-methyl, GuthionR 

50WP (Mobay), took place place on June 25 and 26, 1990. Four fields each 

with a different variety of cling peaches were sprayed. A 480 gallon air blast 

spray rig equipped with a tank agitator and separate motor was used for the 

application. Identical formulas were used each day. The tank mix 

consisted of 3.0 pounds of GuthionR, a soluble powder formulation with 50 

% active ingredient (A.I.). At a spray rate of 10.6 gallons per minute, 1.5 

pounds of A.I. 



AZM Application 

DFR Sampling 

DFR Sampling 

Flood Irrigation 

Harvest AZM Fields 

DFR Sampling 

Recruit Subjects 

Pre-harvest DFR 

Post-harvest DFR 

Urine Metabolites 

Dermal Monitoring 

ChE Monitoring 

Harvest AZM Fields 

J U N E  
25 26 27 28 29 30 

AP 

DF DF 

J U L Y  
2 9 16 23 24 25 26 27 28 29 30 31 

DF DF DF DF 

IlT Ir 

H H H 

A U G U S T  

H 

DF 

H 

13 

DF 

R 

14 15 

H 

16 

DF 

DF 

M 

D 

Ch 

H 

17 

DF 

DF 

M 

D 

H 

18 

M 

19 

M 

20 

M 

21 

M 

22 23 24 25 26 27 28 29 

Ch 

H H H H H 

S E P T E M B E R  
1 2 3 4 5 6 

DFR Sampling DF 

Che Monitoring Ch 

Urine Metabolites M 

Harvest AZM Fields H H 

O 
e 
& 
3 (D 
O «-!•> 

ff 
a 

' <  

a 0> 
ST 
CO 
&> 
3 
a 

o •i 

•i 
O 
n ro 
a 
c 
<3 
v> 

o->-i 
CD 
C 
P* P* 
rc •i 
n o 
c 
3 

\D 
O 

n 
a 

0 0  



3 9  

GAUM ORCHARD 
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Figure 5: Schematic of the Gaum Orchard and Field Operations for Sutter 
County 1990 

in 50 gallons of water was applied per acre. A sample of the tank mix was 

taken for laboratory analysis on the second day of spraying. 

Collection of DFR Samples 

The grower treated four varieties of peaches, Gaum, Andross, 

Halford and Sullivan, with azinphos-methyl. Leaf samples for dislodgeable 

foliar residue analysis were collected from all four orchards at each 



4 0  

sampling interval. Sample collection was performed according to the 

procedure outlined by Gunther (1972) with a Birkestrand leaf punch. 

Three sample sections were used for determining variability among 

field samples. Each sample section consisted of eight trees. Sampling began 

five trees into a row. Five disks per tree were collected for a total of 40 disks 

per sample section. The sample sections trees were staggered between two 

rows. Two rows of unsampled trees separated the sections. The sampling 

pattern is shown in Figure 6. 

This sampling scheme was selected in order to determine the 

degradation of the pesticide residue over time under actual field conditions. 

Random samples for DFR analysis were taken on harvest days prior to and 

directly following the time the harvesters worked the area. 

Sample Sections Tree 

Figure 6: Leaf Sampling Pattern Used in DFR Grid Area. Used in the 

Gaum, Sullivan, Andross and Halford Orchards, Sutter County, 1990 

A B C # 

OOOOOOOOOOOOOO 4 

OOXX OOXXOOXX OO 5 

OOXX OOXXOOXX OO 6 

OOXX OOXXOOXX OO 7 

OOXX OOXXOOXX OO 8 

OOOOOOOOOOOOOO 9 

O = Unsampled tree 

X = Sampled tree 

8 trees per section: 

5 disks/tree = 40 disks/section 

5.0 cm2/leaf side/disk 

400 cm2/section 

Replicates of the sample sections were collected post-application at 

one, 24, and 72 hours, at one week, then weekly up to the time of harvest. 
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Flood irrigation was performed during the first and third weeks after 

application. All leaf disk samples were transported on ice directly to the 

CDFA Chemistry Laboratory. 

Method of Analysis for Dislodgeable Foliar Residue Samples 

Azinphos-methyl residues were extracted from the leaf samples 

within 24 hours of collection. The extracts were stored at -20 °C until 

analyzed by gas-liquid chromatography. The CDFA procedure for analysis 

of dislodgeable foliar residues is contained in Appendix A. 

Recoveries of azinphos-methyl-spiked leaves were 99% per 10 |ig 

parent and 98% per 10 |ig oxone. The minimum detection limit for 

azinphos-methyl and oxone was 1.0 (xg/L or approximately 0.01 (ig/sample. 

The Study Population 

The study protocol was reviewed by the California Department of 

Food and Agriculture and the California Department of Health Services. 

Final approval was received from the University of California, San 

Francisco Human Subjects Review Committee prior to beginning worker 

monitoring. 

Informed consent documents (Appendix B), prepared in both 

Spanish and English, were signed by all participants after oral and written 

explanation had been given by bilingual members of the field staff and 

questions solicited. Emphasis was placed on the fact that participation was 

voluntary and in no way would affect their employment. The workers also 

had the right to withdraw from the study at any time. Each subject was 
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given a copy of his or her own signed consent form as well as a copy of the 

Study Subject's Bill of Rights (Appendix C) in their language of preference. 

All participants were assigned subject numbers for anonymity which was a 

provision of the consent form. 

Study Participant Selection 

Harvesters and controls were matched on the basis of Hispanic 

ethnicity, location of residence and employment in agriculture. Age and 

sex were not controlled as possible confounders. Information on the study 

participants' ages was only available for those who participated in 

cholines terase monitoring. 

Harvesters Informed consent was obtained from the study and control 

subjects on Day 49, two days prior to the initiation of the Gaum harvest. By 

this time, the work crew had entered treated fields during the prior week. 

The study population was recruited from the crew of experienced field 

workers already hired for the harvest. Twenty-eight male workers, age 21 

to 62, were initially recruited to participate in the urinary metabolite 

monitoring portion of the study. The experience of these workers ranged 

from 1 to 30 years of full-time work in agriculture. Two irrigators and the 

crew foreman (also referred to as the Crew Boss) were also recruited. 

All subjects had been working with the participating grower for at 

least 2 weeks prior to the study. From this group, 11 workers were selected 

to participate in the dermal dosimetry portion of the study based on their 

cooperation and familiarity with the methods from participation in 



4 3  

previous studies. Of the original 28 subjects, 22 completed three days of 

urinary monitoring, 16 completed four days, and six completed five days. 

Controls Thirteen controls were recruited from among the sorters and 

tractor drivers of the work crew. The jobs of these workers did not involve 

direct contact with leaf surfaces. The control group was comprised of six 

females and seven males. 

CDFA Staff Four CDFA field staff members participated in the initial two 

cholinesterase analyses. The staff was from the CDFA office in Sacramento, 

CA. Of this group, one women was Hispanic. Of the two males and two 

females in this group, one female was Hispanic. Only two staff members, 

one male and one female (non-Hispanic) participated in the final day of 

cholinesterase monitoring. 

Work Histories 

Agriculture work histories were compiled from work history 

questionnaires (Appendix D) completed by the study participants. Age, total 

years of agriculture exposure, length of employment with the participating 

grower, and duration and type of prior employment are outlined for the 

study participants in Tables IV and V. 

Work Histories of Harvesters Participating in Dermal Monitoring Three 

harvesters participating in dermal monitoring were permanent employees 

at this location. Seven workers were seasonal. Two of these had worked 

in agriculture for 1-6 months prior, two had lived in Mexico six months 

prior, and two had worked in Mexican factories for three to nine months 

prior to beginning work with this grower. The seventh harvester had 
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Table IV 
Work Force* Experience in Agriculture 

(Determined from the Work History Questionnaire) 

Time Years of 
Worker Age At This Work Prior to Starting Agriculture 
ID Number (vears) Location At This Location Experience 

101 ** /a 1 mo. Picking cherries 22/b 
102 « 42 4 mo. Pruning/ thinning 3 
106 ** 55 6 mo. In Mexico 29 
107 ** 31 6 mo. In Mexico 4.5 
109 ** 23 2yr. - 15 
110 ** 21 9 mo. Shoe factory, Mexico 3 
111 ** 24 3 mo. Picking almonds, Oregon 2.5 
112 ** 24 6yr. Factory in Mexico 2 
118 ** 41 5 mp. Pesticide applicator 6.5 
119 ** 28 4yr. - 9 
122 ** 50 12 yr. - 28 
104 20 1.5 mo. Harvesting 1 
105 28 1 mo. Picking cherries 7.5 
113 /a 5 mo. Agriculture work 1 
115 /a 5 mo. Picking asparagus 8.5 
117 /a 5 mo. In Mexico 3 
120 24 4 mo. Vegetable gardening 1 
123 29 0.5 mo. Sold shoes 5.5 
124 /a 1 mo. Picking cherries 5 
126 29 8 mo. Ranching work 8 
127 17 2 mo. Picking beans 5 
128 38 5yr. - 5 
121/c 25 5yr. - 12.5 
125 /c 31 5yr. Livestock 5 
108 /d 59 34 vr. - 34 

* All male participants recruited on a voluntary basis from the normal work force at the 
study location. Harvesters unless otherwise noted. 

** Participants in the dermal monitoring portion of the study. 
/a Not disclosed by participant. 
/b Percentage of the year employed full time in agriculture by the total years worked, 
/c irrigator 
/d foreman 
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worked applying pesticides for three months before starting at this location 

which was four months before this study. 

Work History of Harvesters Three of the 11 non-dermal harvesters were 

permanent employees having worked at this location for over two years. 

The remainder of the workers were seasonal and worked for less than 12 

months out of the year in agriculture. 

Table V 
Control Group* Experience in Agriculture 

(Determined from the Work History Questionnaire) 

Worker 
ID Number 

Age 
(in years) 
and Sex 

Time 
At This 
Location 

Work Prior to Starting 
At This Location 

Job Task 
At This 
Location 

31 15, M 8 months Odd jobs/ Student Driver 

32 14, M 8 months Odd jobs/ Student Driver 

33 55, F 2 months Did not work/Housewife Sorting 

34 38, M Owner - -

35 40, F 2 months Did not work/Housewife Sorting 

36 55, F /a Odd jobs Sorting 
37 49, F 2 months Did not work/ Housewife Sorting 

38 46, F 2 months Did not work/ Housewife Sorting 

39 55, M 36 years Odd jobs Driver 

40 16, M 1 month Did not work/Student Driver 

41 18, M 2 months Did not work/ Student Driver 

42 16, F 1 month Did not work/ Student Sorter 
43 17. M 1 month Did not Work/ Student Driver 

* Non-harvesters recruited on a voluntary basis from the normal work 
force at the study location. 

/a Not disclosed by participant. 
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Work History of Controls Cholinesterase monitoring data was complete 

for seven males and six females from the control group. The work 

experience of this group averaged 3.8 years in agriculture mostly on a 

seasonal basis. The female controls worked in agriculture an average of 

three months per year. They had not been employed prior to working with 

the participating grower although most planned to harvest almonds in the 

preceding month of September. One female was a permanent employee at 

this location and one was a student. One male control was the participating 

grower and the only non-Hispanic in the group. The remainder of the 

males were students who worked full-time with this grower during the 

summer months. The students were the children of the other workers. 

Location of Residency 

Environmental factors associated with location of residency could 

potentially affect cholinesterase activity levels. Location of residency 

during the study period was determined from both the work history 

questionnaires and discussion with the workers themselves. Most of the 

workers lived in the vicinity of the study orchards which were located in a 

rural, agricultural area approximately 50 miles north of Sacramento. 

Harvesters and Controls Nineteen of the 23 harvesters lived in a work 

camp located adjacent to the study orchards which was operated by the 

grower. Twelve of these workers may have lived in the camp at the time 

azinphos-methyl was applied in the study orchards. Four harvesters lived 

in the nearby communities. All of the controls also lived in the nearby 

communities. 
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Irrigators and Crew Boss It is assumed that the irrigators and crew boss 

also lived nearby in private residences since they were all permanently 

employed at the study location. The cooperating grower lived in a house 

adjacent to the orchards. 

CDFA Staff Of the four members of the CDFA staff, one male lived in 

Sacramento and three lived in Davis, CA. Sacramento is an urbanized area. 

Davis is a much smaller community surrounded by cultivated land which 

may have been subject to pesticide application during the cholinesterase 

monitoring period. 

Monitoring of Workers' Azinphos-methyl Exposure 

The azinphos-methyl treated Gaum orchard was not scheduled to be 

harvested until Day 52 post-application of the azinphos-methyl. However, 

work began on Day 51,one-half day earlier, in Section I of the Gaum orchard 

(see Figure 5). The study staff issued tee-shirt dosimeters and one liter 

plastic bottles to the participating workers at the end of the work shift of 

Day 51. Dermal dosimetry and urinary metabolite monitoring began on 

Day 52. 

Dermal Monitoring Procedure 

Dermal dosimetry was conducted over two consecutive days of the 

Gaum harvest for the duration of the work day, 6:30 a.m. to 2:30 p.m. The 

eleven harvesters selected for dermal monitoring wore long-sleeved, 

cotton tee-shirts issued them under their regular work clothes during the 

two days of dermal monitoring. Most of the harvesters on in the work 
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crew wore long-sleeved, cotton work shirts over short-sleeved, cotton tee-

shirts as a part of their usual work attire. The harvesters began their work 

day between 5:45 and 6 o'clock a.m.. Jackets were worn in the morning and 

removed as the temperature increased to above 85 °F by mid-day. The work 

day ended at 2 p.m.. Face, neck and hand exposures were assessed for the 

eleven harvesters wearing the tee-shirt dosimeters at the end of the two 

work days. 

Pesticide deposition on the hands was measured by having the worker 

vigorously wipe his hands with a series of 2 towelettes (ChubsR brand) 

which were combined as one sample. The workers then washed their 

hands in a plastic bag containing 500 mL of 1% SURTEN solution (sodium 

dioctyl sulfosuccinate). The handwash solutions were stored in plastic 

bottles. Workers then wiped their face and neck using two towlettes which 

were combined in individual glass jars. The workers then removed their 

assigned tee-shirts and deposited them into resealable plastic bags. All 

samples were transported on dry ice to the CDFA Chemistry Services 

Laboratory, Sacramento, for analysis. 

Analysis of Dermal Dosimetry Samples 

All washes, wipes and tee-shirts were analyzed for azinphos-methyl 

and oxone residues according to the standard CDFA analytical method 

outlined in Appendix E. Analysis of the samples was conducted using gas-

liquid chromatography. Recovery efficiencies for the laboratory methods 

were determined by fortifying the blank tee-shirts, towlettes, and hand 

wash solution with technical grade azinphos-methyl and oxone. This was 
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done in the orchard under field conditions. The fortified samples were 

transported to the laboratory along with the field samples. 

Recoveries for the field fortified tee-shirts were 100% (n=4) for 

azinphos-methyl and 111% (n=3) for the oxone. Recoveries for the fortified 

wipes were 88% (n=2) for azinphos-methyl and 70%(n=2) for oxone. For 

the hand wash solution, recovery of azinphos-methyl was 100.5% (n=2) and 

70% (n=2) for the oxone. Sample results were not adjusted for recovery 

efficiencies. 

There were an appreciable number of additional peaks in the 

chromatograms of the tee-shirt samples in comparison to those of the wipe 

samples. This phenomenon could probably be eliminated by laundering 

the tee-shirts prior to their usage. The quantification of azinphos-methyl 

and the oxone were still possible despite the interferences. 

Urinary Monitoring for Dialkylphosphate Metabolites 

On the first full day of harvesting in the treated orchard, 23 study 

subjects provided their first morning void in the sample jar provided them 

the day before. Workers were issued new 1.0 L collection bottles to be used 

for voiding throughout the next 24 hours and returned the next morning. 

Additional collection bottles were made available upon request. Only one 

worker consistently asked for additional bottles. 

Twenty-four hour exposure specimens were returned by the workers 

on the following two mornings. Three additional days of 24-hour urine 

samples were obtained, however only 22 harvesters participated on the 
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following three days, 16 on the fifth day and only 5 participated on the final 

day. Spot control samples were obtained from CDFA field study staff on 

each day of monitoring. 

The volume of each sample was recorded and 250 mL of the sample 

was placed in glass sample jars which were stored on dry ice for storage and 

transport to the CDFA chemistry laboratory for analysis. At the lab, samples 

were stored at -20 °C until analyzed. 

Laboratory Analysis of Dialkylphosphates in Urine 

Urine samples were prepared for analysis according to the procedure 

outlined by the CDFA Chemistry Laboratory Services as outlined in 

Appendix F. Recoveries for the individual metabolites were: 98.9 + 11.8% 

for DMP, 105.6% (s.d. 12.5) for DMTP, and 111.7% (sd. 13.3) for DMDTP. The 

minimum detectable limit (MDL) was 25 ppb for all three metabolites. 

Metabolite concentrations below the MDL have been reported as 12.5 ppb, 

one half the MDL. The recovery of DMTP was 85.6%. Reported results for 

the group as a whole were not adjusted for recovery efficiencies. 

Metabolite results for were adjusted for sample volume. 

Monitoring of Cholinesterase Activity Levels in Blood 

Cholinesterase Monitoring Intervals 

The first blood sample for cholinesterase analysis was drawn after a 

total of 12 hours of exposure in treated fields on Dermal Day 1. Two 

additional blood samples were taken at one and three weeks after the 

harvest study period as outlined in Table III. 
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Blood was drawn by venopuncture into an EDTA-containing tube by a 

licensed bioanalyst. Workers not wishing to participate in the weekly blood 

draws were given the opportunity to participate in the 2-day dermal 

exposure and the 5-day urinary metabolite portion of the study. 

Laboratory Analysis of Cholinesterase 

Measurement of acetylcholinesterase activity in plasma and red blood 

cells was performed by the Ellman method at Roche Biomedical 

Laboratories in Sacramento, CA. This analytical method is outlined in 

Appendix G. 

Results were calculated automatically and printed out directly on the 

COB AS printer in units of activity per liter (U/L). The units represent 1 

|imole of substrate catalyzed per minute per liter of sample. Red blood cell 

cholinesterase results were reported as an average of the duplicate samples. 
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RESULTS 

Degradation of Azinphos-methyl Residues 

Degradation of azinphos-methyl residues was evaluated by 

performing a regression analysis of dislodgeable foliar residue (DFR) 

values for the four varieties of treated peaches (Gaum, Andross, Halford 

and Sullivan) combined from the time of their initial treatment to their 

harvest. A graph of the regression analysis (r=0.89) is shown in Figure 7. 

The half-life for azinphos-methyl, under the particular application 

and climatic conditions of this study, was calculated to be 33 days. Half-life 

was determined according to the first-order decay model outlined in 

Appendix H. The DFR data used for the regression analysis is listed in 

Appendix I. 

Figure 8 depicts the residue degradation of azinphos-methyl over 

time on the foliage of the Gaum (r = 0.96) and Sullivan (r = 0.94) varieties 

for which biological monitoring samples were collected during harvest. 

The combined mean levels of azinphos-methyl and oxone were 0.397 

Hg/cm2 on the first day of the Gaum harvest, 0.69 |xg/cm2 on the second 

day, and 0.558 (ig/cm2 during the Sullivan harvest as shown in Appendix 

E. Azinphos-methyl oxone residues comprised an average of 1.58% of the 

total residue level during the Gaum harvest period and 2.03% of the total 

level during the Sullivan harvest for which there was one day of urinary 

metabolite monitoring but no dermal monitoring done. 
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* Azinphos-methyl and oxone residues per area of leaf surface sampled. DFR 
reported as the mean value of three sample sections (eight replicates of 40 
punches each). DFR samples were collected on a DFR sampling grid in each 
orchard except for the final two in the Gaum and Sullivan Varieties which 
were collected pre-harvest. 

Figure 7: Azinphos-methyl Degradation as Determined by Dislodgeable 
Foliar Residue Analysis of Gaum, Sullivan, Andross and Halford Foliage. 
Samples taken from the time of pesticide application through Harvest. 
Sutter County, June through September 1990. 

Dermal Exposure to Azinphos-methyl Residues 

During the Gaum harvest, average daily dermal exposures to 

combined azinphos-methyl and oxone residues ranged from 12 mg (n = 11) 

on the first day to 16 mg (n = 7) on the second day. Data on the quantity of 

residue per dermal sample (wipe,wash and tee-shirt) is contained in 
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Appendix J. Residues on the tee-shirt dosimeters accounted for 53 - 65 % of 

the total dermal exposure, respectively, for the two days of monitoring. 

Hand exposure accounted for 36 -45 %, and the face and neck exposure 

accounted for 0.75 - 2.0 %. The percentage of residues contributed from the 

hand wipe samples was slightly more than one half of the total hand 

exposure, washes and wipes combined (58% Day 1, and 59% Day 2). 
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* Azinphos-methyl and oxone residues per area of leaf surface sampled. DFR 
reported as the mean value of three sample sections (eight replicates of 40 
punches each). DFR samples were collected on a DFR sampling grid in each 
orchard except for the final two which were collected pre-harvest. 

Figure 8: Azinphos-methyl Degradation as Determined by Dislodgeable 
Foliar Residue Analysis of Gaum and Sullivan Foliage. Samples collected 
from the time of pesticide application through Harvest. Sutter County, June 
through September 1990. 
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Daily Dermal Exposure (DDE) of Harvesters 

The daily dermal exposure (DDE) to the harvesters in terms of the 

quantity of pesticide residue deposited per square area of skin surface 

monitored is displayed in Table VI. Surface area is reported as the sum of 

the specific body regions monitored by the dosimetric sampling methods 

(tee-shirts, wipes and washes). A total of 48.8% of the body surface area was 

monitored by the various dosimeters. 

On the first day of monitoring, the mean group DDE was 1.3 |ig/cm2 

(n=ll). Due to the loss of dermal samples from Day 2 a full set of dermal 

data is available for only seven workers. The mean DDE for Day 2 is 1.7 

jig/cm2 (n=7). 

Daily dermal exposure rates were calculated as a time weighted 

average of exposure of dermal exposure level per hour worked. The 

harvesters worked two eight-hour shifts during the dermal monitoring 

period. The mean DDE rate for the harvesters were 1503 and 1993 (ig/hour 

respectively for the first and second days. The DDE rate for individual 

workers ranged from 857-2198 |ig/hr on the first monitoring day, and 1567-

2898 (ig/hr on the second monitoring day. 

Transfer Factors 

Transfer factors (TF) for the two days of the Gaum harvest were 

calculated from the mean daily dermal Exposure rate (DDE) and the mean, 

pre-harvest dislodgeable foliar residue (DFR) levels. Table 4.2 shows the 

DDE and DFR values for the two days along with the formula used to 

determine the TF values. For the first harvest day, a transfer factor of 3,785 
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cm2/hr was calculated. A transfer factor of 2,888 cm2/hr was calculated for 

the second day of harvesting. 

Table VI 

Harvester Dermal Exposure to Azinphos-methvl Residues 

During Peach Harvest Operations in Sutter County, 1990 

Pay 1 (complete sample sets for 11 male volunteer workers age 21-55) 

Body Region Surface Total Dermal Dermal Daily Dermal 
Sampled by Area(SA) SA Exposure'' Exposure Exposure Rate 
Dosimetry (cm2)a Sampled AZM+OA per SAc (DDE) d 

(cm2) £yg) (ug/cm2) (ug/hr) 

Face Wipe (n=ll) 768 201 ± 70 0.29 

Facee 583 
Neck 230 

Tee-Shirt (n=ll) 7526 6395 ± 2835 0.85 

Shoulder 1306 
Chest • 1536 
Back 1536 
Arms Upper 1862 
Arms Lower 1286 

Hands * 1075 1075 5.0 

Wash (n=ll) 
Wipes (n=ll) 

2,227 + 550 
3,200 ± 683 

Day 1 Totals: 9363 9369 *12,023 + 3014 13 1,503 

' n=ll 

(continued) 
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Table VI 
(continued) 

Day 2 (incomplete sample sets, number of samples per dosimetric method are as indicated) 

Body Region 
Dermal 
Sampled by 
Rate 
Dosimetry 

Surface 

Area (SA) 

(cm2)a 

Total 

SA 

Dermal 

Exposure b 

Sampled AZM+OA 
(cm2) iug) 

Dermal 

Exposure 

per SAC 

(ug/cm2) 

Daily 

Exposure 

(DDE) d 

iHg/hr) 

Face Wipe (n=7) 

Facee 

Neck 
583 
230 

768 166 + 67 0.22 

Tee-Shirt (n=ll) 

Shoulder 1306 
Chest 1536 
Back 1536 
Arms Upper 1862 
Arms Lower 1286 

7526 8925 ± 3569 12 

Hands f 1075 1075 5.7 

Wash (n=ll) 
Wipes (n=ll) 

Totals for Day 2: 9363 9369 

2127 + 633 
3964 + 770 

**15,941 + 3360 1.7 1,993 

*n=7 
a Surface area of an average adult male as reported in Popendorf, 1982. 
b Exposure in terms of total azinphos-methyl (A2M) and oxone (OA) residues per body region 
sampled by dermal dosimeters. 
c Exposure in terms of AZM residues per square centimeter of body region sampled. 
d Daily dermal exposure expressed as a rate of residue exposure per hour worked in the 
treated area. 
e Surface area of the face reported as half the surface area of the head. 
* Washes and wipes were both performed on the same surface area of the hands. 
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Table VII 

Transfer Factor for Peach Harvester Exposure to Azinphos-methvl 

During the Harvest of the Gaum Peaches, Sutter County 1990 

Days Post-Application 

Pay 52 

1,503 ± 361 

0.4 + 0.15 

Day 53 

DDE (|ig/hr) 

DFR (ng/cm2> 

TF (cm2/hr) * 3.785 

1,898 ± 420 

0.69 + 0.07 

2.750 
* TF = (DDE/DFR) = cm2/hr 

DFR samples collected pre-harvest ( not on the DFR sampling grid) and reported as 

the mean value of three sample areas (eight replicates of 40 leaf disks per sample area). 

DDE reported as the mean quantity of azinphos-methyl and oxone residues monitored on 11 

harvesters. Dermal dosimetry consisted of face and neck wipes, hand washes and wipes, and 

100% cotton, long-sleeved tee-shirts worn under a work shirt. 

Urinary Excretion of Dialkylphosphate Metabolites 

Urinary excretion of dialkylphosphate metabolites (DAP) of 

azinphos-methyl were monitored in harvesters, irrigators , the crew boss, 

and CDF A field staff. Composite, 24-hour samples were provided by the 

participants and quantitatively analyzed for dimethylphosphate (DMP), 

dimethylthiophosphate (DMTP), and dimethyldithiophosphate (DMDTP). 

Metabolite concentration is reported in terms of azinphos-methyl molar 

equivalents of each particular metabolite and is expressed in micrograms. 
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Factors of 2.52, 2.23 and 2.01 were used to convert DMP, DMTP and DMDTP 

results into azinphos-methyl molar equivalents. The data were not 

corrected for creatinine clearance since creatinine concentrations were not 

determined for the complete data set. Completeness of the 24 hour samples 

is assumed to be 100%. 

The following results are discussed by level of exposure according to 

the level of foliage contact involved in job tasks of each group. The 

harvester group had the greatest contact with residue-laden foliage. 

Irrigators, the crew boss, and CDFA staff, in descending order, had less foliar 

contact and less probability for significant exposure. A complete data set for 

the dialkylphosphate metabolites is contained in Appendix K. 

Metabolite Monitoring in Harvesters 

A total of 22 harvesters provided urine samples. Five days worth of 

samples were collected from four of the harvesters, all four of whom also 

participated in dermal monitoring. Twelve harvesters provided urine 

samples for four days. However, the data for two of these participants were 

incomplete due to loss of the samples. Six of the harvesters provided three 

days of urine samples. 

The descriptive statistics for the excretion of total DAP and DMTP 

equivalents are given in Table VIII. The "All Harvester" group includes 

the harvesters who are also in the "Dermal" group. The mean values for 

DMTP and total DAP concentrations were used in combination with the 

mean excretion values for DMP and DMDTP to produce the graph of 

metabolite excretion over time shown in Figure 9. 
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Table VIII 

Descriptive Statistics on the Excretion of Dialkylphosphate Metabolites in 

Peach Harvesters Exposed to Azinphos-methvl Residues 

Sutter County 1990 
Tlprmnl (!mnn ** 

20 Hr 44 Hr 68 Hr 92 Hr 116 Hr 140 Hr 
DMTP n=ll n=ll n=10 

0\ II B
 a

 II n=4 
Mean 588 1107 1345 285 155 118 
S.D. 587 834 976 157 142 49 
Co Var. 134 75 72.6 55 94 42 

Median 148 642 1311 365 87.3 159.5 
Total D 
Mean 850 1591 2087 500 260 179 

S.D. 900 911 954 319 207 82 

Co Var. 106 57 46 64 80 46 
Median 410 974 1915 595 308 283.5 

All Harvesters (including Dermal Group) 

20 Hr 44 Hr 68 Hr 92 Hr 116 Hr 
DMTP n=22 n=22 n=20 n=20 n=16 
Mean 453 1007 1367 378 153 
S.D. 598 646 883 303 156 
Co Var 132 64 64.7 78 102 
Median 285 851 1314 372 74.45 

Total DAP 
Mean 693 1531 2147 609 284 
S.D. 696 750 953 419 285 
Co Var 98 49 44 89 100 

Median 521 1440 1958 586 227 
Metabolite concentrations below the MDL of 25 ppb have been 

reported at half the MDL (12.5 ppb). 
Molar equivalents of azinphos-methyl metabolites, not corrected 

for volume or recovery efficiency. 
** Only those harvesters who participated in dermal monitoring. 
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Time After Initial Exposure Began (hours) 

All harvesters were adult, male volunteers ages 21-55. Molar equivalents of 
dimethylphosphate, dimethylthiophosphate and dimethyldithiophosphate not 
corrected for volume or recovery efficiency. Metabolite concentrations below the 
MDL are reported at 12.5 ppb (half the MDL). 

Duration of Azinphos-methyl exposure since the time of last urine sample: 
at 20 Hours: 4 hour exposure (Hour 0 to Hour 4) 
at 44 Hours: 8 hour exposure (Hour 20 to Hour 28) 
at 68 Hours: 8 hour exposure (Hour 44 to Hour 52) 
at 92,116 and 140 Hours: none 

Figure 9: Urinary Excretion of Individual Dialkylphosphates in Harvesters 
Exposed to Azinphos-methyl Residues During Peach Harvest Operations. 
Exposure in the Gaum peach variety. Sutter County , August 1990 



6 2  

Figure 10 shows the excretion of total dialkylphosphates over time. 

Hour zero in both figures represents time of initial exposure in the Gaum 

orchard. The first exposure occurred from hour zero to hour four. The 

second exposure, which was also Day 1 of dermal monitoring, occurred 

from hour 20 to hour 28. The third exposure, Day 2 of dermal monitoring, 

occurred from hour 44 to hour 52. 

3500 

\ 3000 - -

2000 

0 20 44 68 92 116 140 

Time After Initial Exposure Began (hours) 

All harvesters were adult, male volunteers ages 21-55. Molar equivalents of 
dimethylphosphate , dimethylthiophosphate and dimethyldithiophosphate not 
corrected for volume or recovery efficiency. Metabolite concentrations below the 
MDL are reported at 12.5 ppb (half the MDL). Time and duration of azinphos-
methyl exposure is the same as indicated in Figure 9. 

Figure 10: Urinary Excretion of Total Dialkylphosphates in Peach 
Harvesters Exposed to Azinphos-methyl Residues. Exposure in the Gaum 
peach variety. Sutter County, August 1990 
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Metabolite Excretion Rates 

As shown in Figures 9 and 10, the highest rate of metabolite 

excretion occurred at 68 hours after the onset of the initial half-day (four-

hour) exposure to azinphos-methyl residues during harvest operations. 

The urine sample was collected at the beginning of the shift at 6 a.m.. By 92 

hours, which was 40 hours after the last exposure, metabolite excretion 

declined significantly and continued to decline to below the first 

measurement at 20 hours (16 hours post first exposure). 

Cumulative Excretion of Dialkylphosphates The cumulative excretion of 

total DAP metabolites is summarized in Table IX for the workers who 

provided four to five days of urine samples. This data shows that after 68 

hours (20 hours of cumulative exposure and 16 hours since the last 

exposure) 76% of the total DAP metabolites had been excreted. At 92 hours, 

40 hours after the last exposure, the cumulative DAP excretion had 

increased to 90%. By 116 hours, 64 hours after the last exposure, the 

cumulative excretion increased an additional 3% to 93%. A similar 

outcome is observed with DMTP excretion as shown in Table X. 

Cumulative mean DMTP excretion was 77% by 16 hours post-exposure, 

93% by 40 hours, and 94% by 64 hours. 

Metabolite Excretion in Dermal Group versus All Harvesters 

A comparison of total DAP excretion in all harvesters versus only 

the harvesters involved in dermal monitoring yields similar mean 

excretion concentrations over time as shown in Figure 11. 



Table IX 

Cumulative Excretion of Dialkvlphosphate Metabolites in Peach Harvesters 

Exposed to Azinphos-methvl Residues 
Exposure in Gaum Orchard, Sutter County 1990. 

Subject 20Hr/a % 44 Hr 68 Hr 92 Hr 116 Hr 140 Hr 

ID# (mg)/b /c (mg) % (mg) % (mg) % (mg) % (mg) % 

106/d 270 15 655 37 1151 66 1579 90 1607 92 1747 100 

112/d 102 3 821 21 3242 85 3517 93 3604 95 3792 100 

119/d 509 14 1269 35 2957 82 2988 82 3439 95 3625 100 

122/d 73 3 369 15 1917 78 2267 92 2289 93 2454 100 

101/d 896 30 1730 57 2472 82 2831 94 3026 (100) 

111 /d 35 1 1065 43 1929 78 2428 99 2459 (100) 
104 55 2 1109 45 1835 74 2455 99 2483 (100) 

113 415 13 1217 38 2638 83 3071 97 3181 (100) 

115 481 8 2248 36 4666 75 5974 96 6229 (100) 

117 290 5 1292 20 4417 79 5725 90 6339 (100) 

127 167 8 424 21 1277 65 1743 88 1979 (100) 

129 81 4 114 5 1684 78 2110 97 2170 (100) 

Mean Cumulative % 9 31 77 93 94 100 

s.d. 8 14 6 5 1 

* Urine concentration of dimethylthiophosphate (DMTP) molar equivalents of azinphos-methyl. 

/a Sampling period expressed in hours from beginning of initial exposure on first day of harvesting. 

lb Volume corrected metabolite concentration. 

/c Cumulative percentage of the total amount of DMTP excreted. 

/d Harvesters participating in dermal monitoring. 

Time and length of azinphos-methyl exposure is the same as indicated in Figure 9. 



Table X 

Cumulative Excretion of Dimethvthiophosphate in Peach Harvesters 

Exposed to Azinphos-methvl Residues 

Exposure in Gaum Orchard, Sutter County 1990 

Subject 20Hr/a % 44 Hr 68 Hr 92 Hr 116 Hr 140 Hr 
ID# (mg)/b /c (me) % (n>B) % (me) % (mj>) % (mf>) % 

106/d 270 15 655 37 1151 66 1579 90 1607 92 1747 100 
112 /d 102 3 821 21 3242 85 3517 93 3604 95 3792 100 
119/d 509 14 1269 35 2957 82 2988 82 3439 95 3625 100 
122/d 73 3 369 15 1917 78 2267 92 2289 93 2454 100 
101/d 896 30 1730 57 2472 82 2831 94 3026 (100) 
111 /d 35 1 1065 43 1929 78 2428 99 2459 (100) 
104 55 2 1109 45 1835 74 2455 99 2483 (100) 
113 415 13 1217 38 2638 83 3071 97 3181 (100) 
115 481 8 2248 36 4666 75 5974 96 6229 (100) 
117 290 5 1292 20 4417 79 5725 90 6339 (100) 
127 167 8 424 21 1277 65 1743 88 1979 (100) 
129 81 4 114 5 1684 78 2110 97 2170 (100) 
Mean Cumulative % 9 31 77 93 94 100 
s.d. 8 14 6 5 1 
* Urine concentration of dimethylthiophosphate (DMTP) molar equivalents of azinphos-methyl. 
/a Sampling period expressed in hours from beginning of initial exposure on first day of harvesting, 
/b Volume corrected metabolite concentration. 

/c Cumulative percentage of the total amount of DMTP excreted. 
Id Harvesters participating in dermal monitoring. 

Time and length of azinphos-methyl exposure is the same as indicated in Figure 9. 
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Molar equivalents of dimethylphosphate, dimethylthiophosphate and 
dimethyldithiophosphate metabolites are not corrected for recovery efficiency. 
All subjects were adult, male volunteers ages 21-55. Time and duration of exposures 
are the same as those indicated in Figure 9. 

Figure 11: Excretion of Total Dialkylphosphates in All Harvesters as 
Compared to the Dermal Monitored Group. After harvesting azinphos-
methyl treated Gaum peaches. Sutter County, 1990. 

Metabolite Monitoring in Controls 

A comparison of total DAP excretion in irrigators, crew boss, and 

CDFA Staff over time is depicted in Figure 12. The mean DAP excretion 

varied only slightly between and within the groups over time. The 

irrigators were the only control group to excrete DMTP equivalents at levels 

above the detection limit of 55.8 |xg/L, Excretion of DMTP was at or below 

the detection limit during the entire interval for the crew boss and the 

CDFA staff. 
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Molar equivalents of dimethylphosphate, dimethylthiophosphate and 
dimethyldithiophosphate are not corrected for recovery efficiency. All subjects 
were adult, male volunteers. Exposure time and duration are the same as indicated 
in Figure 9. 

Figure 12: Total Dialkylphosphate Excretion in Irrigators, Crew Boss and 
CDFA Staff. On location during the harvest of azinphos-methyl treated 
peaches but not involved in actual harvest operations. Sutter County 1990. 

Comparison of Dialkylphosphate Excretion In Dermal Group and Controls 

A comparison of total DAP excretion in irrigators (control group) to 

the dermal group is depicted in Figure 13. A much greater excretion rate is 

noted in the dermal group at 40 and 68 hours after exposure during the 

harvest. This corresponds to 24 hours after both the first and second eight 

hour days of exposure (Day 1 and Day 2 of dermal monitoring). 
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Molar equivalents of dimethylphosphate, dimethylthiophosphate and 
dimethyldithiophosphate are not corrected for recovery efficiency. All subjects 
were adult, male volunteers. Exposure time and duration for the harvesters are the 
same as indicated in Figure 9. 

Figure 13: Total Dialkylphosphate Excretion in Irrigators as Compared to 
Azinphos-methyl Exposed Harvesters Involved in Dermal Monitoring. 
During the harvest of azinphos-methyl treated Gaum peaches. Sutter 
County 1990. 

Ratios of Dermal Residue Exposure to Metabolite Excretion 

The ratios of dermal azinphos-methyl residue exposure to DMTP 

excreted in the urine was determined for four members of the dermal 

group for whom there was complete dermal and urine data for two and 

three days. The two days of dermal exposure were combined for a total 

dermal exposure quantity. DMTP concentrations were corrected for sample 

volume. Table XI lists the molar ratios of AZM residues to cumulative 
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DMTP excreted. The average AZM to DMTP ratio for three workers with 

complete urine data, collected 116 to 140 hours after initial exposure, was 

9.7. One worker had an AZM:DMTP ratio of 7.7 at 92 hours after initial 

exposure. 

Table XI 

Ratios of Dermal Azinphos-methvl Exposure to Dimethyl thiophosphate 
(DMTP) Excretion in Peach Harvesters 

During the harvest of Gaum variety peaches. Sutter County,1990 

Time from Start Total Dermal Cumulative DMTP Dermal Exposure 
of Initial Exposure Exposure Excreted to DMTP Excreted 

ID# (hours) /a (ug)/b (ug)/c (mole: mole) /d 

101 116 25852 3026 8.5 

107 92 24064 3172 7.7 

112 140 40773 3792 10.8 

112 14Q 34827 97 

/a Time from beginning of initial exposure at which last urine sample was given. 

/b Total azinphos-methyl and oxone residues from two days of dermal monitoring. 

/c Mean dimethyldithiophosphate molar equivalents adjusted for volume but not recovery 

efficiency. 

/d Azinphos-methyl residue exposure: total DMTP excreted expressed as a molar ratio 

Ratios of dermal AZM exposure to total dialkylphosphates excreted 

were calculated for the same five workers. The results are displayed in 

Table XII. The average AZM : DAP excretion ratio for 116 to 140 hours after 

exposure is 8.0. The ratio for the worker with metabolite data only to 72 

hours is 6.1. 
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Table XII 

Ratios of Dermal Azinphos-methvl Exposure to Total Dialkvlphosphate 

(DAP) Excretion in Peach Harvesters 

During the harvest of Gaum variety peaches. Sutter County 1990 

Time from Start Total Dermal Cumulative DAPs Dermal Exposure-
of Initial Exposure Exposure Excreted to DAPs Excreted 

ID# (hours) /a (up)/b (up) /c (mole:mole) /d 

101 116 25852 3390 7.6 

107 92 24064 3964 6.1 

112 140 40773 5870 6.9 

119 140 34827 3625 9.6 

/a Time from beginning of initial exposure at which last urine sample was given, 

/b Total azinphos-methyl and oxone residues from two days of dermal monitoring, 

/c Mean dialkylphosphates (DMP, DMTP, and DMDTP) molar equivalents adjusted 

for volume but not recovery efficiency. 

/d Azinphos-methyl residue exposure to total dialkylphosphate excretion expressed 

as a molar ratio. 

Cholinesterase Monitoring 

Red blood cell and plasma cholinesterase activities were determined 

from blood samples drawn at the study site on August 16, 23 and September 

4, 1990. Exposure in azinphos-methyl treated fields began on July 26 and 

continued on an intermittent basis through September 4 as shown in Table 

IE. The August 16 blood cholinesterase samples were drawn at the end 

of the second dermal monitoring day after two and a half days of work in 
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the treated Gaum orchard. Blood samples were drawn on August 23 after 

eight hours of work in a treated field; the samples from September 4 were 

collected after two consecutive days of residue exposure. 

Descriptive statistics on cholinesterase monitoring results for the 

three days are given in Table XIII. Harvesters from the "Dermal" group are 

included in the "All Harvesters" group for the purpose of cholinesterase 

analysis. Controls are divided into three groups according to the level of 

worker experience or the exposure level of the job tasks performed. 

The first group consists of the irrigators and crew boss. These 

workers moved extensively throughout various treated and untreated 

orchards. Their work required a certain degree of experience but did not 

involve extensive contact with foliage. The second group of sorters and 

drivers is designated as the "Control" group. The sorters performed a 

quality control function by removing from the bins any fruit which was not 

the size specified by the buyer. The drivers operated tractors or otherwise 

assisted in moving bins into and out of the orchards. 

The job tasks of the sorters and drivers required less experience than 

the irrigator/crew boss group so they have been grouped separately, 

although they too did not have extensive foliage contact. The third group 

consists of the CDFA staff controls who were on site for the purpose of 

conducting this study and were not involved in any field labor. 
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Table XIII 

Blood Cholinesterase Activity of Harvesters. CDFA Staff and Controls 
(Crew Boss. Irrigators. Sorters and Drivers) 

During the Peach Harvest Season 

Intermittent Exposure to Azinphos-methyl, Sutter County 1990 

Cholinesterase Activity (units/L***) 
Plasma RBC 

Population N Mean Range S.D. Mean Range S.D. 
Monitored 8/16 

Harvesters 17 2568 2122-3228 300 6062 4510-7514 677 
Irrigators & 
Crew Boss 3 2666 2396-2945 224 6818 6037-7349 564 

Sorters & 
Drivers 12 2555 1371-3405 692 7049 6314-7714 474 

CDFA Staff 
Controls 4 2363 2142-2670 214 3714 6764-8358 586 
Monitored 8/23 

Harvesters 17 2573 2162-3134 292 6060 4661-7754 715 
Irrigators & 
Crew Boss 3 2678 2322-3074 308 6757 6501-7140 276 

Sorters & 
Drivers 12 2513 1410-3378 686 7051 6491-7677 444 

CDFA Staff 
Controls 4 2327 2110-2576 174 7382 7148-7968 350 
Monitored 9/4 

Harvesters 11 2581 2105-2947 234 6114 4837-6650 794 
Irrigators & 
Crew Boss 3 2997 2572-3802 570 7715 7158-8186 424 

Sorters & 
Drivers 7 2320 1302-3351 760 7532 6992-8107 341 

CDFA Staff 
Controls 2 2343 2183-2502 - 6932 6646-7218 -

Crew boss, irrigators, sorters and drivers on site but not involved 
in harvest operations. Intermitent work in Azinphos-methyl treated 
areas: 4hr exposure on 8/15,8hr exposure on 8/16 prior to monitoring; 
8hr exposure on 8/17 and 8/23 prior to monitoring; 8 hr exposures on 
8/24,8/27,8/29,9/3 and 9/4 prior to monitoring. **'Cholinesterase 
monitoring results expressed in units of enzyme activity per liter of 
sample. 
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Statistical Analysis of Cholinesterase Monitoring Results 

A repeated measures ANOVA was performed using NCSS-Number 

Cruncher Statistical System (1987) to detect significant differences between 

the various groups at the various sampling intervals. T-tests were 

performed post-hoc to identify which groups were significantly different. 

The results of these statistical analyses are contained in Appendix L and 

Appendix M. 

Plasma Cholinesterase 

The mean plasma cholinesterase (PChE) activity levels for the 

harvesters, irrigators, controls and CDFA staff are plotted in Figure 14. The 

repeated measures ANOVA on mean PChE activity levels revealed no 

significant differences between the groups over the sampling interval (p = 

0.05). 

Red Blood Cell Cholinesterase 

Mean red blood cell cholinesterase activity levels for each of the 

monitored groups are plotted in Figure 15. A repeated measures ANOVA 

on mean RBC ChE activity showed significant variation between the four 

groups (p = 0.0005). T-tests showed the harvesters to have significantly 

lower RBC ChE levels than the controls (p < 0.001) over the entire 

monitoring period, lower levels than the CDFA staff controls (p < 0.01) on 

8/16 and 8/23, and lower than the irrigators (p <0.01) on 9/5. The control 

group showed a significant increase in RBC ChE between the 8/23 and 9/4 

(p = 0.03). 
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Controls were on site but did not perform harvest operations. Cholinesterase 
activity was determined by the Ellman Method. 

Time and duration of azinphos-methyl exposure: 
At 8/16: 4 hour exposure on 8/15,8 hours on 8/16 prior to monitoring. 
At 8/23: 8 hour exposure on 8/23 prior to sampling 
At 9/4: 8 hour exposure on 8/24,8/27,/ 8/29,9/3 and 9/4 prior to monitoring. 

No significant differences detected by repeated measures ANOVA (p = 0.05). 

Figure 14: Plasma Cholinesterase Levels in Peach Harvesters, CDFA Staff, 
and Controls (Crew boss, Irrigators, Sorters and Drivers) During the Harvest 
Season. With intermittent work in azinphos-methyl treated orchards, 
Sutter County, July through September 1990. 
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Controls were on site but did not perform harvest operations. Cholinesterase 
activity was determined by the Ellman Method. Time and duration of azinphos-
methyl exposure the same as indicated in Figure 14. Significant differences were 
detected by repeated measures ANOVA (p = 0.0005). 

Unpaired t-test results: Control group showed significant increase between 8/23 
and 9/5 (p<0.05). Harvesters had significantly lower levels than controls over all 
intervals (p<0.001), lower than CDFA staff at 8/16 and 8/23 (p<0.01), and lower 
than irrigators at 9/5 (p<0.01). 

Figure 15: Red Blood Cell Cholinesterase Levels in Harvesters, CDFA Staff, 
and Controls* During the Harvest Season. With intermittent work in 
azinphos-methyl treated orchards, Sutter County, July through September 
1990. (*Crew Boss, Irrigators, Sorters and Drivers) 
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DISCUSSION 

Azinphos-methyl and Oxone Residue Levels 

The environmental degradation of AZM is generally assumed to 

follow a first-order degradation model. The 33 day half-life for AZM 

residues in this location is comparable to the half-lives seen in earlier 

CDFA degradation studies of this compound (Spencer, 1989b). After 14 

days post-application, the mean DFR values for samples collected in Gaum 

and Sullivan orchards show a less variance in comparison to those samples 

collected after 14 days (Figure 16). This suggests that a period of about 14 

days may be needed in order for an equilibrium in the residue degradation 

rate to be established. However, a linear regression of only those samples 

collected after 14 days produces the same correlation (r=0.92) between 

residue level and time as did the regression with the first 14 days included 

as shown in Figure 17. Sample variation during the equilibrium period 

appears to have been minimized by the collection of a sufficient number of 

sample replicates per sampled area. 

During the Gaum harvest, the dislodgeable foliar residue level of the 

azinphos-methyl oxone was 0.008 (ig/cm2. This level is only 1.7% the level 

of the parent compound. A comparison of dermal LD50 values reported in 

the literature reveals that the AZM oxone has a particularly high ratio of 

oxone to parent toxicity, 30:1. (Popendorf, 1982) The toxicity of the oxone 

could equal that of the parent should it be present at as low as 3% of the 
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concentration of the parent. At this level, 1.7%, the toxicity contribution of 

the oxone would be equivalent to 0.26 |ig/ cm2 of the parent. When this 

contribution is added to the mean parent concentration, the total toxicity of 

the residues would be equivalent to a total of 0.79 p.g/cm2 of AZM. 

y = -0.002 (x) + 1.9 

r = 0.92 

• = Gaum Variety 

Sullivan Variety 
V 2.500 

o> 2.000 • • 

1.500--? 

S 1.000 - • 

0.500 - -

0.000 
15 30 45 60 7i 

Days Post-Application 

* 0FR samoles taken on DFR monitoring grid except for lost two in Gaums. 

DFR reported as the mean value of three sample sets (8 replicates of 40 samples 
each) collected on a DFR sampling grid in each orchard. * Azinphos-methyl and 
oxon residues per square centimeter of leaf surface sampled. 

Figure 16'• Azinphos-methyl Degradation on Foliage of Gaum and 
Sullivan Peach Varieties from Application Through Harvest. Sutter 
County, June through September 1990. 
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The State of California has not encountered any acute effects at total 

residue levels below 1.0 |xg/cm2 (Spencer, 1990). Since levels above this are 

not likely to be encountered after the legal reentry period, reentry and other 

regulatory actions are set on the basis of total residue levels with the 

knowledge that this combines the toxicity of both the parent and oxone 

components. For these reasons, the residue levels have been combined and 

the oxone contribution expressed as a percentage of the parent compound. 
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* Azinphos-methyl and oxone residues per square centimeter of leaf surface 
sampled. DFR reported as the mean value of three sample sets (8 replicates of 40 
samples each) collected on a DFR sampling grid in each orchard. 

Figure 17: Azinphos-methyl Degradation on the Foliage of Gaum and 
Sullivan Peach Varieties from 14 Hours Post- Application to Harvest. 
Sutter County, June through September 1990. 



7 9  

The Safety Index as a Means of Predicting Safe Residue Levels 

The idea of a safety index was developed as a means of establishing 

safe pesticide residue levels on foliage without the need to perform field 

reentry studies and as an alternative method for setting field reentry 

intervals. (Knaak, 1980) Data on dermal dose, red blood cell cholinesterase 

ED50 and LD50 inhibition curves and data gathered from field re-entry 

studies were all incorporated to produce a safety index of 3.1 (xg/cm2 for 

azinphos-methyl residues. This level represents the maximum permissible 

residue concentration on foliage in order to avoid an adverse effect on RBC 

cholinesterase activity. The safety factor can be applied to situations in 

which temperature, climate, pesticide used and other exposure 

considerations are similar to the same conditions of the original field 

studies. Under different conditions of exposure the safety index may not be 

directly applied and it may still be necessary to conduct new field reentry 

studies. 

Mean DFR levels for combined oxone and parent residues ranged 

from 0.4 to 0.7 ng/cm2 during harvest operations 52 to 70 days post-

application. (Figure 4.2) These foliar residue levels are well below the safety 

index of 3.1 |ig/cm2 developed for reentry into azinphos-methyl treated 

fields by the State of California (Knaak, 1980). 

Transfer Factors for Peach Harvesting 

Dermal exposure data and azinphos-methyl DFR values from the 

current 1990 Sutter County harvest are combined with the findings of 

similar peach harvest studies and displayed in Table XIV. Linear regression 
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on these transfer factors show a close correlation between DDE and DFR 

values (r=0.98) as shown in Figure 18. All the studies were conducted by 

the California Department of Food and Agriculture, Worker Health and 

Safety Branch in northern California. (Hernandez, 1990; Spencer, 1989b) 

Transfer factors for the 1990 Sutter County study were calculated at 

3757 cm2/hr and 2750 cm2/hr respectively for the two days of dermal 

monitoring which took place 52 and 53 days after the application of 

azinphos-methyl. A similar study had been conducted the previous year at 

the same location and produced comparable transfer factors of 2964 and 

3156 ng/cm2 at 31 and 32 days post-application. These data show the 

reproducibility of the current study methodology for similar crops and 

harvest operation. 

Transfer Factor Estimates of Exposure at Low DFR Levels 

The time post-application at which harvest operations are performed 

does not seen to be as strong an influence on the transfer factor as is the 

actual DFR measured at the harvest. The DFR of azinphos-methyl at 70 

days post-application in the Sullivan orchard, 0.58 (ig/cm2, is similar to the 

levels observed in the Gaum orchard at 52 to 53 days post-application (0.4 to 

.69 |Ag/cm2). Residues appeared to have degraded more rapidly in the 1989 

Stanislaus County study where DFR levels as low as 0.01 (ig/cm2 at 62 days 

post-application. Although substantially higher transfer factors were 

calculated for the peach harvest operations in Stanislaus County, this 

phenomena did not appear to influence the correlation of DFR to DDE 

when all the peach harvest study data is compared together. 



Table XIV 

Transfer Factors for Peach Harvester Exposure to 

Azinphos-methvl Residues from Field Studies in Sutter County 1989 and 

1990. and Stanislaus County 1989 

Daily Dermal Exposure (DDE) in ug/hr 
Dislodgeable Foliar Residue (DFR) in ug/cm2 

Transfer Factor (TF=DDE/DFR) in cm2/hr 

Sutter County Sutter County Stanislaus County 
1990 1989 1989 

(Hernandez, 199 (Spencer, 1989) 
Body Day 52 Day 53 Day 31 Day 32 Day 60 Day 61 Day 62 
Region *a 

I Shirt 6395 8925 9493 11156 379 824 3276 
| Hands 5427 6091 5548 3930 61 402 948 
1 Face 201 166 232 379 2.5 6 20 
1 Neck 
I Socks NS*b NS 153 196 4 10 32 

n 11 11 10 10 10 10 10 
Total*c 
Residue 12023 15941 15422 15661 477 1242 4277 
DDE*d 1503 1993 1927 1957 55 155 534 

SD 381 420 482 618 36 170 496 

DFR*e 0.4 0.69 0.65 0.62 0.009 0.01 0.07 
SD 0.15 0.07 0.01 0.01 0.006 0 0.08 

TF 3758 2888 2964 3156 6222 14090 7628 

All harvesters were adult, male volunteers from the work crews. 
*a Days after application of azinphos-methyl. 
*b Socks were not used in the investigation in Sutter County 1990. 
*c Mean concentration of azinphos-methyl + oxone in ug/sample. 
*d Mean concentration of azinphos-methyl + oxone in ug/sample. 

average work day was 8 hours. 
*e DFR samples were collected pre-harvest. 
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Comparing Transfer Factors for Apple and Peach Harvesting 

Field studies conducted during harvests of azinphos-methyl treated 

apple orchards in Madera, California produced transfer factors ranging from 

360-1185 cm2/hr. These factors are 11-37% lower than the transfer factors 

for peach harvesting in Sutter County (Spencer, 1989b). This suggests that 

the exposure mechanism may differ from one type of tree fruit to another. 

Transfer factors may be more predictive of exposure when applied to the 

same type of fruits. 
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* Mean dermal azinphos-methyl and oxone residue exposure per hour worked. 
** Mean Azinphos-methyl and oxone residue quantity per area of leaf surface 

sampled. The data points from Table XIV are plotted in this figure. 

Figure 18: Harvester Exposure to Azinphos-methyl Residues Estimated 
from Field Studies in Sutter County 1989 and 1990, Stanislaus County 1989. 
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Dermal Dosimetry Results 

Foliar residues, either on their own or adhered to particulate matter, 

are the main component of the DFR values. As the harvesters progress 

through their work day, their hands become sticky with juice from the fruit 

they have picked and sap from the trees. The exposure to azinphos-methyl 

residues is therefore delivered in a matrix of dust, sap and juice from the 

foliage and the fruit. The ease with which the residues can be transfered 

from this matrix may affect availability for dermal absorption. The dermal 

exposure rate for residues may differ according to the composition of the 

matrix in which it is delivered. This in turn would produce differing 

transfer factors for different crop types and harvest operations. The actual 

amount residue absorbed is dependent on the relationship between the 

penetration rate and the surface loss rate. Further investigation would be 

necessary to determine how varying compositions of juice, dust and sap 

may effect the dynamics of this relationship. 

Distribution of Dermal Exposure 

Harvesters received a mean daily dermal dose of 6.1 and 7.1 |j.g/cm2 

during the two days of dermal monitoring. This is an average quantity of 

residue over the total surface area monitored and not a fixed concentration 

per unit area. The tee-shirt dosimeters showed low residue levels in 

comparison to the large surface area covered. The wipes of the face and 

neck regions revealed low levels of residue over a small surface area. It was 

the hands which received the highest level of exposure, 5.0 and 5.6 (ig/cm2. 

However, the area of the hands represents only 11% of the total surface area 
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monitored. This distribution of residues corresponds with the exposure 

expected from a hand harvest operations. 

Field workers pick tree fruit by climbing ladders up into the branches 

of the trees so that the neck and head come into significant contact with the 

foliage. These regions do not, however, become as sticky as the hands. The 

quantity of residue found on the face and neck accounted for an average of 

1.5% of the total residue exposure during the Gaum harvest. The wipes of 

the face and neck are assumed to be indicative of the total residue levels 

deposited in this body region. The face and neck appeared cleaner than did 

the hands after wiping. No data are available to evaluate efficiency of the 

wipes since most investigations have focused on hand exposure. 

Although the head, torso and upper extremities are exposed to residues, 

the hands receive the highest exposure due to contact with a significantly 

greater area of leaf and fruit surfaces. 

Efficiency of Hand Wipes in Comparison to Hand Washes 

Durham and Wolfe (1962) found that rinsing the hands in 200 ml of 

95% ethanol was twice as effective as ethanol wipes at removing parathion 

residues from the hands. Two hand washes removed 96% of an 

administered dose of parathion from a single hand. In this study hand 

washes were performed after the harvesters had wiped their hands with a 

series of two ChubsR brand pre-moistened towlettes. The wipes were 

performed before the washes to determine the efficiency of the hand wipes, 

which are easier to administer than the washes. The hands were visibly 

dirty with a sticky mixture of dust, sap and peach juice after the second 
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wipe. It was observed that the hand wash solution washed off the sticky 

mixture which had remained after the wipes and left the hands visibly 

clean. An average of 41% of the total azinphos-methyl hand exposure was 

accounted for in the wash solution. These results indicate that hand wipes 

alone may not adequately remove the exposure matrix of juice, dust and 

sap encountered with the hand harvesting of peaches. 

Hand Wash Solutions 

Transfer factors have been developed from CDFA studies using a 

mild detergent solution (2% SURTEN) for the hand wash. Standard wash 

solutions have not been defined by the EPA or any other regulatory agency. 

There may be differences in the residue quantities removed by different 

wash solutions since the solvents used may vary in their ability to remove 

the same or different pesticides. This must be kept in mind when 

comparing the results of these studies with the results of other studies 

which may have used different hand wash solutions. 

Evaluation of Tee-shirts for Dosimetry and Protection 

The dermal exposure data derived from the tee-shirt dosimeters has 

been assumed to be the quantity that would have impinged on the workers 

unprotected skin. A comparison of the urinary dialkylphosphate 

metabolites excreted by the workers wearing tee-shirt dosimeters to the 

remainder of the harvesters, not all of whom wore undershirts, reveals a 

similar mean excretion level over time for both groups. (Figure 11) This is 

suggestive of similar exposure levels in both groups and minimal 
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protection afforded by the long-sleeved versus the short-sleeved tee-shirts 

when both were worn underneath long-sleeved work shirts. It may be that 

having the torso covered provides the worker with the essential protection 

from residues. Since there still is residue absorption, it is also possible that 

the tee-shirt does not protect those areas where maximum absorption 

occurres. 

Investigators have estimated that only 25 to 47% of the residues 

deposited on cotton tee-shirts actually reach the skin (Spear, 1977; 

Popendorf, 1979). The soiled regions on the tee-shirts were at the top of the 

chest and the top of the back just below the neck, and the lower part of the 

sleeves just above the hands. These were at the "openings" of the shirts 

and indicate that residues could have easily found their way under the shirt 

and on to the skin. Once under the workers clothing, the absorption of the 

residues may vary by individual due to such factors as perspiration and 

increased body temperature. The effects of perspiration have not been 

investigated. 

Dialkylphosphates in Urine 

Metabolite excretion of DAP equivalents was additive for 

consecutive days of exposure to azinphos-methyl residues. There was a 

high degree of variance in the levels of DMP, DMTP and DMDTP excretion 

for the entire group of harvesters. The variance may have resulted from 

individual variation in metabolism, exposure or experimental error. 
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Correlating Azinphos-methyl Residue Exposure to DMTP Excretion 

The highest rate of metabolite excretion occurred at hour 68 after two 

eight-hour and one four-hour days of work in treated orchards (see Figures 

9 and 10). Most of the metabolites, 90%, had been excreted by hour 92, 

which was 48 hours after the beginning of the final harvest day. 

Correlations between 48-hour metabolite excretion and the initial amount 

of active ingredient sprayed have been reported by other investigators 

(Franklin, 1981). Individual variation in excretion rates has also been noted 

to be reduced after 48 hours. 

The mean ratio of dermal AZM : DAP excreted is 8.0 at 116 to 140 

hours after exposure. Laboratory investigators have reported 16-20% 

excretion of applied AZM as DMTP after 72 hours in male volunteers 

(Franklin, 1986 and 1983). However, the dermal dose for the first half day of 

harvesting is not accounted for in the dermal monitoring results. The 

ratios could possibly be higher if the total dermal exposure were known. 

One worker exhibited low exposure to excretion ratios for both DMTP and 

total DAP excretion. This worker may have had a significantly higher 

exposure to AZM residues on the first half day of harvesting than did the 

other workers. However, this is not known for certain since the additional 

exposure is not is not accounted for in the reported dermal results. 

Exposure Estimates From Transfer Factors and Metabolite Excretion Data 

Seventy days post-application, the AZM-treated Sullivan variety of 

peaches were ready for harvest. The mean DFR level during the Sullivan 
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harvest was 0.58 ng/cm2. Daily dermal exposure (DDE) was estimated using 

the regression equation generated with the transfer factors, y = 2,708.9(x) -

202, from 1989 and 1990 in Sutter and 1989 Stanislaus in County (see Figure 

18). The observed DFR level corresponds to an estimated DDE of 1,310 

Hg/hr. 

Urine samples were given by the harvesters at approximately hour 

68 after the onset of their initial exposure in the orchard. The harvest had 

taken place for two and a half days prior to collection of the sample. This 

time is comparable to hour 68 from the earlier Gaum harvest. 

Dimethylthiophosphate and total DAP metabolites were used to 

validate the DDE of l,310|ig/hr estimated from DFR levels during the 

Sullivan harvest. Table XV presents DDE estimates according to the 

exposure to excretion ratios for DMTP and total DAP metabolites. Two 

ratios were used for each metabolite group. One ratio represents metabolite 

excretion at 92 hour post-exposure (n=l) and the other represents excretion 

116-140 hours post-exposure (n=3). The AZM : DMTP excretion ratios yield 

a 1904 to 1456 (ig/hr estimate of DDE. The DDE estimated from AZM : total 

DAP ratios were slightly higher at 2012 to 1534 jig/hr. Although total and 

DMTP metabolite estimate ranges vary, the DDE estimates drawn form the 

92 hour exposure : excretion ratios (1459 ;xg/hr for DMTP and 1534 (ig/hr 

for total DAP) are similar to the DDE estimated from the observed 

dislodgeable residues. The 92 hour ratios are also assumed to be more 

representative of the Sullivan exposure urine metabolites since the 

samples were given closer to that time. 
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Table XV 

Harvester Exposure to Azinphos-methvl Residues* During the Sullivan 

Variety Harvest Estimated by Exposure to Excretion Ratios 

Developed form the Gaum Harvest 

Exposure" Dermal Residue Daily Dermal 

AZM:DMTP 

7.7:1 (92 Hr) 

9.7 :1 (116-140 Hr) 

AZM: Total DAP 

6.1:1 (92 Hr) 

8.0:1 (116-140 Hr) 

29,120 ng 

38,077 ng 

30,685 ng 

40,242 ug 

1,456 Mg/hr 

1,904 ng/hr 

1,534 |ig/hr 

2,012 jig/hr 

*Molar ratios of dermal exposure to metabolite excretion applied to the data of each 

individual worker who provided a urine sample on September 5,1990 at the end of two 

eight hour days of harvesting in azinphos-methyl treated Sullivan peaches. Mean 

values are reported reported. Ten study participants from Gaum harvest provided 

urine samples after two 8-hour days of azinphos-methyl exposure in the Sullivan 

variety orchard. 

** Twenty hours of total exposure time. 

Transfer factors, even for the low DFR levels seen in the 1989 

Stanislaus County study, appear to show a close enough correlation 

between DFR and DDE so as to enable reasonable predictions of dermal 

exposure to the worker from the DFR values alone. 
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Cholinesterase Activity Levels 

Worker participation in cholinesterase monitoring decreased by the 

last sampling period since work at this location was almost finished for the 

season and workers had moved on to new jobs. The missing data points 

made it necessary to do unpaired t-tests when examining the data for the 

source of significant difference detected in the repeated measures ANOVA. 

Interpretation of the cholinesterase measurements is further complicated 

by inter-day laboratory assessment and individual variation in ChE activity. 

High temperatures may denature the enzymes. Temperatures on the 

monitoring days ranged from 21 to 32 °C. The processes of aging and 

spontaneous reversal of the OP-enzyme complex are also affected by 

temperature. At 38-40 °C, the half-life of the OP-enzyme complex is 

approximately two hours, with reactivation proceeding slightly faster than 

aging. (Wilson, 1990) The results of cholinesterase monitoring may be 

affected by fluctuations in temperature during the storage and 

transportation the samples. 

Plasma Cholinesterase 

Plasma cholinesterase is actually a pseudocholinesterase under 

different physiologic control and with slightly different activity than neural 

acetylcholinesterase. Many factors such as nutrition, health status and 

environmental exposures may affect plasma cholinesterase levels but were 

not controlled for in this study. The small sample sizes of the irrigator and 

CDFA staff groups limit the strength of statistical interpretations of their 

means. 
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Red Blood Cell Cholinesterase 

Red blood cell cholinesterase (ChE) is more similar to neural tissue 

acetylcholinesterase in terms of physiological control and specificity of 

action than is plasma pseudocholinesterase. With this in mind, the data 

reveals a picture in line with what would be expected for organophosphate 

exposure. Intragroup analysis showed a significant increase in the mean 

RBC ChE level for the control group between the second and third 

monitoring days. This increase may have occurred due to attrition of 

participants by the last day of monitoring. 

Although no significant decreases were detected in the harvesters' 

mean RBC ChE levels, they were lower than control group levels during 

the entire interval, and below the CDFA staff and irrigators at various times 

as well. The extent of cholinesterase depression in the harvesters can be 

more adequately evaluated by comparison to pre-exposure baseline levels. 

However, the pre-exposure period is difficult to determine for seasonal 

workers. Those workers who had worked in agriculture prior to starting 

with the participating grower may have been previously exposed to 

organophosphate pesticides. Those living in the labor camp may have been 

there at the time of azinphos-methyl application, and if not, they may still 

have had exposure by living inclose proximity to the treated areas. Baseline 

cholinesterase levels, although not available for this study, would have had 

limited utility due to these factors. 
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Organophosphate Related Symptoms 

The harvesters made no mention of OP related symptoms during the 

time they participated in the study. However, this information was not 

solicited as a part of the study protocol. Some of the harvesters did 

mention experiencing weight loss over the course of the season. This effect 

is more likely due to physical labor in the heat . The literature cites ChE 

reductions of up to 10.5% of baseline after OP exposure without any 

correlation to symptoms. (Quinones, 1976) Significantly higher levels of 

ChE levels in field workers as compared to other males have also been cited 

in the literature. (Kraus, 1981; Knaak, 1987). A rebound or "overshoot" of 

normal levels has been offered as a possible explanation. In this study a 

rebound in RBC ChE could mask any effects of significant exposure. The 

duration of the effect and consequences of cessation of exposure are not 

known. OP tolerance may also keep ChE levels constant and mask 

pronounced ChE reductions from acute exposure. 
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CONCLUSIONS 

Ratios of dermal azinphos-methyl exposure to urinary 

dialkylphosphate excretion produced comparable dermal exposure 

estimates (DDE) as did the observed DFR using the transfer factor regression 

line from the above mentioned studies. When only the DFR is known, the 

transfer factor method appears to produce adequate estimates of worker 

exposure provided crop type and work operations are comparable. Transfer 

factor variations at different geographical and climatic regions were not 

addressed and would require further investigation to assess comparable 

conditions for use. 

The great range of transfer factors for different crops suggests that 

general transfer factors can only be applied to similar crops and for similar 

work operations (i.e. harvesting). Application rates and methods should 

also be comparable. Transfer factors seem to be reproducible for these 

variables as demonstrated in the 1989 and 1990 Sutter County and 1989 

Stanislaus County peach harvest studies. 

The workers involved in the hand-harvesting of peaches treated 

with azinphos-methyl incurred the higher levels of pesticide residue 

exposure on their hands as compared to the other body regions monitored. 

The hands were covered with sap, juice and dust which was produced a 

distinctly different exposure matrix than was encountered on the other 

body regions. Further investigation is necessary to determine if the 

presence of this type of matrix in any way affects the absorption or loss of 
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pesticide residues deposited on the skin. It appears that the dust-sap-juice 

matrix makes requires both washing and wiping the hands in order to 

determine hand residue exposure. The use of impermeable gloves may be 

beneficial in reducing the residue exposure via the hands. 

Dialkylphosphate metabolites of azinphos-methyl were detected by 

20 hours after exposure to residues. The cumulative excretion of 

dimethylthiophosphate and total metabolites showed that most of the 

metabolites were excreted at 48 hours post-exposure which was similar to 

the findings of other investigators (Franklin, 1983). Urine metabolite 

sampling, as a means of assessing exposure, appear to be most 

representative when two twenty-four hour samples are taken post

exposure. 

The harvesters did not show significant decreases in RBC or plasma 

cholinesterase activity during the time they were monitored. The RBC 

cholinesterase activity levels of this group was however significantly lower 

than the levels in the control group. Long-term surveillance would be 

necessary to determine whether harvester cholinesterase levels remained 

lower than the controls throughout the work season or if their levels were 

temporarily, but not excessively reduced just after harvesting when these 

blood samples were drawn. 
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APPENDIX A: 

CDFA Procedure for DFR Analysis of Azinphos-methyl 

Leaf disks were kept in their original sample bottles and 0.2 mL (approximately 5 

drops) of 2% SURTEN solution (dioctyl sodium sulfosuccinate) and 50 mL of distilled water 

were added. The jars were rotated for 20 minutes and the aqueous portion of each decanted 

into individual separatory funnels. This process was repeated twice more for a total of 150 

mL aqueous solution per sample. Liquid-liquid extraction was then performed by adding 50 

mL ethyl acetate and 50 g of NaCl to the extract, then draining the organic phase through 

glass wool and Na2S04 into a graduated cylinder. The extraction was repeated with 50 mL 

ethyl acetate and all extracts were combined into the cylinder. A 10 mL portion of each 

sample extract was concentrated 10:1 using a nitrogen evaporator before analysis. An 

Hewlett-Packard 5880A gas chromatograph with a nitrogen-phosphorous detector (p-mode) 

was used. The 10 meter megabore column (0.53 mm, i.d.) coated with 0.33 (im carbowax was 

insulated with standard stainless steel adapters that included a J & W injector port glass 

liner. A HP 7672-A automatic sampler was also used. Analysis was made under the 

instrumental conditions: 

Instrumental Conditions for Gas Chromatography of A2M and Oxone 

Gas flows: Helium (carrier): 15mL/min 
Make-up Helium (detector): 5mL/min 

Temperatures: Injector 275 °C 
Column (isothermal): 50 °C 
Detector: 300 °C 

Azinphos-methyl and oxone eluted at 3.44 and 4.19 minutes respectively. Automatic 

integration reported in iig/sample. Recoveries of added azinphos-methyl were 99% per 10 

|ig parent and 98% per 10 jig oxone. The minimum detection limit for azinphos-methyl and 

oxone was 1.0 ng/L or approximately 0.01 ng/sample. 
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APPENDIX B 

Approved Informed Consent Form (in English and Spanish) 

Worker Health and Safety Study Consent to be a Research Subject 

Purpose and Background To better understand how levels of pesticides found on leaves 

relate to worker exposure, CDFA wants to conduct this study. Guthion is a good pesticide to 

study because there is information on how much can enter the body through the skin and 

leave the body in the urine. Too much exposure to Guthion can cause illness and the effects 

can br measured in the blood. We want to try to relate the amount of Guthion on the peach 

leaves to the amount on skin, in the urine, and any effects shown in the blood. Guthion has a 

legal reentry time of 14 days (Title 3, Section 6772). Workers are in and out of treated 

orchards from 14 days to two months after application of Guthion. Although there is no 

hazard associated with the conduct of this study, the information may be used to compare 

the relative safety to workers harvesting different crops. 

Procedure If I agree to be in this study, the following will happen: 

1. For three working days I will wear a tee-shirt provided to me by study staff. 

2. I will return the shirt to study staff and provide a hand wipe, hand wash and face/neck 

wipe sample when requested. 

3. I will provide complete 24-hour urine samples for five consecutive days, using bottles 

provided by the study staff. 

4. I will have my blood drawn by a licensed professional for a pre-exposure sample and two 

more times, before and after, the dermal monitoring period (15 mL or approximately 3 

teaspoons each time for a total of 45 mL). 

5. Additionally I may choose to provide one blood draw each week during the harvest 

season for which I will receive additional compensation. The amount of blood drawn will 

be 15 mL each time for a total of 60 mL. 

Blood and urine samples will be tested only for traces and effects of Guthion and no tests for 

drug use, AIDS, or other infections will be performed. 

Risks Wearing the shirt during how weather may cause some discomfort and blood draws 

may sometimes cause occasional brusing , but the risks are minimal. Urine and wipe/ wash 

sampling may be inconvenient, but pose no health risks. If I am injured as a direct result of 

these research procedures, I will receive medical treatment at no cost. 
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APPENDIX B (Continued) 

Confidentiality My participation in this study should result in no loss of privacy or 

confidentiality, however complete confidentiality cannot be guaranteed, all records will be 

coded using a random number assigned to me and will be disposed of at the end of the study. 

My name will not be recorded. My employer will receive a summary of the study results with 

no names or persona;! identifiers.Results of the blood analysis will be provided to me as they 

become available. Other results will be made available to me upon request. 

The only data from this study that will be made part of a public report will be my 

gender, the amounts of pesticide found on/in the shirt, wipe, wash and urine samples, and 

the level of cholinesterase in my blood. This data will no be traceable back to me by name as 

indicated above 

Benefits There are no direct benefits to study participants. 

Alternatives If I choose not to participate in this study, I will perform my usual work 

tasks. Refusal to take part or withdraw at any time during the study will not jeopardize my 

employment. 

Costs There will be no cost to me as a result of taking part in this study. 

Payment I will receive $20.00 for each blood draw. I will receive $15.00 a day for wearing 

tee-shirts, doing the wipes/washes and providing urine samples. Total payment of the main 

part of the study will be $135.00. Payment will be made at the end of the main study by 

CDFA staff. Payment will be for the portion of the study completed. For the additional 

blood draws a $20.00 payment will be made by CDFA staff after each blood draw, for a total 

of $60.00 for three blood draws. 

Questions If I have any questions during or after the study, they will be answered by 

Bernardo Hernandez, Melissa Gonzales, Frank Schneider or Janet Spencer on site or call the 

California Department of Food and Agriculture at (916)445-8474. 

Consent PARTICIPATION IN RESEARCH IS VOLUNTARY. I have the right to decline to 

participate. I am free to withdraw from this study with out obligation, penalty or jeopardy 

to my employment. My signature below indicates that I have decided to volunteer as a 

research subject, that I have read the information provided above, and I have been given a 

copy of the consent for and the Bill of Rights to keep. 
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Appendix B (continued) 

Forma de Consento Para Ser Sujeto del Estudio 

Preposito v Fondo Para mejor entender el nivel de pesticidas encontrada en las ojas y 

como comparan con la exposicfon de trabajadores, nosotros necesitamos hacer un estudio. 

Guthion es una buena pesticida para este estudio porque hay informacfon de que tanto 

cantidad penetrara el cuerpo por el piel y que tanto sale por la orina. Gran exposidon puede 

causar dano y los afectos se puede medir en la sangre. Tratademos a dcscubrir que cantidad de 

Guthion, sobre las ojas del durazno, comparar al cantidad sobre el piel, la orina y que afectos 

hay en la sangre. Guthion tiene un re-entrada legal de 14 dfas (Tftulo 3, Secci'on 6772). Los 

trabajadores estaran entrando y saliendo las huertas des de los 14 dias a los dos meses 

despues de la aplicacfon de Guthion. Aunque no hay peligros asociado con este estudio, la 

informacfon se puede usar para comparar la exposicfon de trabajadores en otras cosechas. 

Procedimiento Si permito estar en este estudio, pasara lo siguiente: 

1. Durante tres di'as de trabajo, usare una playera que me entregara y asignara cl personaje 

del estudio. 

2. Cuando me pida, devolvere la camiseta y proveere las muestras de limpiada de manos, 

cara y cuello con toallitas desechables y lavada de manos. 

3. Proveere 5 dias completas con muestras de orina en ciclos de 24 horas en las botellas 

entregadas por el personaje del estudio. 

4. Un profesional lidendado me sacara sangre una vez antes de la exposicfon y tres veces mas 

antes y despues del analisis dermal (15 mL o aproximadamente 3 cucharitas cada vez para 

un total de 45 mL). 

5. Ademas, podna deddir voluntariamente dar una muestra de sangre semanalmente durante 

la cosecha y por esta mustra redbire renumeradon adidonal. Entendiendo que va ser 15 mL 

cada vez hadendo un total de 60 mL. 

Reisgos La camiseta puede ser incomodo a usar cuando hace calor. De vez en cuando sucede 

contucfones a sacar sangre pero los riesgos son mfnimos. Aunque serfa inconvinientes, las 

muestras de orina, limpiadas y lavadas no se proponen riesgos al salud. 

Sf me injuria directamente por estando en este estudio, redbire tratamiento medical sin costo. 
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Appendix B (continued) 

Confidencial Mi participation en el estudio es confidencial. Los archivos seran codificado 

con numeros hecho al azar y asignado a mi y seran despachados al fin del estudio. Mi nombre 

no sera registrado. Sin embargo, la confidencial completa no esta garantizada. Si se 

rompiera mi confidencialidad, este no afectara mi trabajo porque este dato no es un medida de 

la calidad de mi trabajo. Los resultos del analisis de sangre seran proveedidos a mi cuando 

estan cumplidos. Los demas de los resulto tambien seran puestos a mi disposicion. El unico 

dato del estudio que serti hecho publico sera mi sexo, la cantidad de pesticida encontrado 

encima o entre la playera, las limpiadas, lavadas, o muestras de orina igual que el nivel de 

mi colinesterasa. El information no se usara para identificarme por nombre como ya se indico 

anteriormente. 

Beneficios No habra benificios directos por estar en el estudio. La informacfon del estudio 

provera el mejor conocimiento de la exposition de los trabajadores con los pesticidas, y de gran 

valor para promover el salud y seguridad en el trabajo. 

Costo No hay costo alguno a participar en el estudio 

Compensation Recibire $20.00 por cada muestra de sangre. Recibire $15.00 diario por el uso 

de las camisetas, limpiadas y lavadas y entregando muestras de orina. Compensation del 

estudio principal es $135.00. Pago sera al fin del estudio principal por el personaje del 

estudio. Recibire compensation por cada parte que completo. Ademas, si decidire dar otras 

muestras de sangre, el personaje del estudio me pagaran $20.00 cada vez, hasta un total de 

$60.00. 

Preguntas Si hay preguntas durante o despues del estudio, ellas seran contestadas por 

Bernardo Hernandez, Melissa Gonzales, Frank Schneider o Janet Spencer en el lugar del 

estudio o llamandoles al Departamento de Agriculture y Alimentos de California (CDFA) a 

(916) 445-8474. 

Consentimineto LA PARTICIPACION EN EL ESTUDIO ES VOLUNTARIO. Tengo el 

derecho a rehusar mi participation. Estoy libre de abondonar este estudio sin obligation, 

penalidades o castigos del trabajo. Mi firma abajo indicara que he dicidido participar 

voluntarimente como sujeto de investigation, y tambien indicara que he leido la informacfon 

arriba mencionada, ademas la lista de derechos para los individuos que participan en 

investigaciones y me han dado una copia de esta lista de derechos y copia de consentimiento. 

He marcado la parte o partes del estudio que he dicidido participar: 
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Appendix C 

Approved Study Subjects Bill of Rights (in English and Spanish) 

Rights of Study Subjects 

Every person who is asked to participate in an experimental study has the following rights: 

1) The right to know the purpose of the study. 

2) The right to know what the experiment involves and if any of the procedures, drugs, 

or devices used in the study are different than those which are commonly used. 

3) To know the frequency and/or the importance of the risks, side effects or adverse 

effects which may be expected. 

4) To know if any benefits can be expected from participating in the study and if so, 

what can be expected. 

5) To know what the alternatives are and if they would be better or worse than 

participating in the study. 

6) To ask any questions relating to the study either before or after agreeing to 

participate. 

7) To know what medical treatments exist should any complications arise. 

8) To refuse to participate at any time before or after enrolling in the study. This 

decision will not affect the persons right to receive what ever treatment they 

would have received if they had not participated in the study. 

9) To receive a signed and dated copy of the consent form. 

10) To not be pressured in any manner in their decision to participate or not 

participate in the study. 
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APPENDIX C 
(continued) 

Dercchos de Todas Personas Sujetas 

Toda persona a quien se le pida participar en un estudio tiene los siguientes dercchos: 

1) A ser informado del proposito del experimento. 

2) A ser informada de en que consistira el estudio y de si alguno de los procedimientos, 

drogas o aparatos a emplear es distinto de los que serian usados en la pratica normal. 

3) A ser informada de la frecuencia y/o los riesgos de importancia, efectos secundarios o 

malestares a quien se vera sometida. 

4) A ser informado si puede esperar algun beneficio par participar en el estudio y si es 

asi, cuales serfan. 

5) A ser informada de que otras alternativas tiene y de si serian mejores o peores que 

participar en el estudio. 

6) A que se la permita haver cualquier pregunta relacionada con el estudio, y sea antes o 

despues de aceder a participar en el estudio, o durante del transcurso de este. 

7) A ser informado de que tratamientos medicos existen en el caso de que alguna 

complication surgiera. 

8) A rehusar totalmente a participar en el estudiio antes o durante el desarrollo de este. 

Esta desirion no afectara el derecho de la persona a recibir el tratamiento que 

recibira si no participaba el el estudio. 

9) A recibir una copia del documento de consentimiento fechada y firmada. 

10) A no ser presionada de ninguna foma reapecto a la desicion de participar o no en el 

estudio. 
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APPENDIX D 

Work History Questionnaire 

Historia de Trabajo 

1. Cuando empezo a trabajar en estas huertas este ano? 
fecha: 

2. Que tipo de trabajo hizo antes de su trabajo aqui? 

Por cuanto tiempo? (semanas) 

3. Aproximadamente, cuantos anos lleva trabajando en agricultura? 
(anos) 

4. Cuantos meses al ano trabaja ud. tiempo completo en agricultura? 
(meses al ano) 

5. Peso (kilos o libras) 
Estatura (centimetros or pulgadas) 

Work History 

1. When did you begin working in these orchards this year? 

date: 

2. What type of work did you do before starting your work here? 

For how long? (weeks) 

3. Approximately how many years have you worked in agriculture? 
(years) 

4. How many months of the year do you work full time in agriculture? 
(months per year) 

5. Weight 
Height 

(kilos or pounds) 
(centimeters or inches /feet) 
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APPENDIX E 

CDFA Analytical Method for Azinphos-methyl on Dermal Dosimeters 

Tee-shirt samples were transferee! into individual one gallon glass jars along with 

their sample bags, which were turned inside-out for collection of any residues which may 

have adhered to the inside of the plastic bag during transport. The shirts were extracted by 

shaking with 2,000 mL of ethyl acetate for one minute. The jars were left standing for 30 

minutes, shaken again to assure complete mixture of ethyl acetate, and an aliquot of the 

extract (approximately 50 mL) was decanted and held for analysis by gas chromatography. 

Extraction of the wipes followed the same procedure used for the residue extraction 

from the shirts except that 75 mL of ethyl acetate was added directly to the four-ounce 

sample jars. These samples required a one-to-five dilution for analysis. 

The total volume of the hand wash solution was measured and recorded. Half of 

the total volume was transferred to a separatory funnel and 30.0 g of NaCl was dissolved 

into the hand wash solution by shaking. The solution was extracted twice with 50.0 mL of 

ethyl acetate and the extract volume adjusted to 100 mL with ethyl acetate. A final drying 

step was carried out by shaking the extracts with a small amount of anhydrous Na2SC>4. 

The chromatography instrument used was a Hewlett-Packard 5880A equipped 

with an electronic integrator and an automated injector. The column was a 10 m HP-17 

mfigabore (0.53 mm i.d.) with a 2.0 (im coating of 50% phenyl methyl silicon. A nitrogen-

phosphorous detector (p-mode) was used. Instrumental conditions for the resolution of 

azinphos-methyl and its oxone are listed below. 
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Appendix E 
(continued) 

Instrumental Conditions for Azinphos-methvl and Oxone Gas Chromatography Analysis of 

Dermal Dosimeters 

Gas flows: helium (carrier): 20mL/min 

hydrogen (detector): 6mL/min 

air (detector): 120mL/min 

Temperatures: injector: 250 °C 

detector: 250 °C 

column temperature program: 

Time, gradient Temperature. °C 

1 minute 80 

20 °C/minute 180-250 

65 minutes 250 

10 minutes total time 

At these analytical parameters, azinphos-methyl eluted at 6.5 minutes and the oxone 

at 7.5 minutes. Standard curves were derived from the injection of known quantities of 

standard preceding each sample set and periodically between sample sets. All laboratory 

standards were formulated using EPA standards of greater than 95% purity. The minimum 

detection limits were 5.0 |ig/sample for the tee-shirts, 1.0 ng/sample for the wipes and 1.0 

|ag/sample for the hand washes. 
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Appendix F 

CDFA Method of Analysis for Dialkylphosphates in Urine 

Urine (4.0 mL) was pipetted into a 15 mL test tube to which 3.0 g of ammonium sulfate 

and 3 drops of 70% acetic acid solution were also added. The solution was vortexed for 30 

seconds for mixing. A set of cyclohexyl cartridges was prepared for use by washing with one 

cartridge volume (approximately 5.0 mL) each of (a) elution solvent (20% methanol in 

acetone, (b) distilled water, and (c) saturated ammonium sulfate solution (500 g ammonium 

sulfate in 250 mL deionized water) in that order. The solutions were drawn through the 

cartridge by a vacuum manifold attached to the bottom of the cartridges at a flow rate of 5.0 

mL/min (3-5 inches Hg). No solutions were added until the previous solution had just 

reached the surface of the cartridge packing. Only in the clean-up step was air allowed to 

pass through the cartridge. The dialkylphosphates were recovered by passing the urine 

sample through the cartridge. The sample test tube was rinsed twice with 1.0 mL saturated 

ammonium sulfate solution and the rinse added to the cartridge. 

Co-extractable contaminants from the urine were washed from the cartridge with one 

cartridge volume of cartridge rinse solvent (10% acetone in hexane) The wash was discarded 

by aspirating the cartridge at a vacuum of 15 mm Hg for two minutes. The 

dialkylphosphates could then be recovered from the cartridge by cluting with 5.0 mL of 

elution solvent (20%methanol in acetone) into a graduated cylinder using positive pressure 

from a rubber bulb. The eluate was vortexed and 1.0 g powdered anyhdrous sodium sulfate 

was added. The final volume of eluate should have been 4.0 mL, if the volume was less the 

last step was repeated with an additional 0.5 mL of elution solvent. 60 (iL of tetrabutyl 

ammonium hydroxide (TBAH) was added to the eluate and vortexed to mix. The solution 

was then ready for analysis by gas-liquid chromatography. 
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APPENDIX F 
(continued) 

A Varian 6000 gas chromatograph equiped with a J&W injector port liner, a 30 M DB-1 

column (0.5 mm, i.d.) and a flame photometric detector (in p-mode) was used. Two microliters 

of the eluate of each urine sample was injected for analysis. A working standard was 

necessary since the detector response to dialkylphosphate standards made in elution differs 

from the response to standards made in control sample eluate fortified with TBAH. The 

working standard was prepared by adding 5, 10, 20, and 30 |iL of the intermediate mixed 

standard to 4 mL of the control sample eluate to give 25,50,100, and 150 ppb respectively of 

each metabolite. 

The following table outlines the experimental conditions for the resolution of the 

dialkylphosphates: 

Conditions for Analysis of Dialkvlphosphates in Urine by Gas 

Chromatography 

Gas flows: Helium (carrier) : 4.5 mL/min 
Hydrogen (detector): 150 mL/min 
Air #1: 80 mL/min 
Air #2: 20 mL/min 
Make-up Helium: 30 mL/min 

Temperatures: Injector: 310 C 
Detector: 275 °C 

Column, temperature program: 
Time/Gradient Temperature. °C 
2min 130 
10 °C/min 130-185 
30 °C/min 210 

The elution time for DMP was 2.7 minutes, for DMTP was 4.6 minutes, and for DMDTP 

was 5.6 minutes. The detector responses to the analytes were measured on a Hewlett-

Packard Data System which was used for integration of a standard curve. The minimum 

detection limit was 25 ppb (0.05 ng for a 2.0 nL injection). 
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Appendix G 
Roche Biomedical Method of Cholinesterase Activity Analysis 

The VacutainerTM tubes contained EDTA K3 anticoagulant and potassium sorbate 

preservative. After the blood samples were drawn, the tubes were placed in a foam test tube 

holder and transported to Roche Biomedical Laboratories on wet ice. Reagents used for 

analysis were supplied as a kit from Boehringer Mannheim Diagnostics (catalogue no. 

124117) which contained the following: a buffer/chromogen reconstituted as 50 mM 

phosphate buffer of pH 7.2; 0.25 mM dithiobisnitrobenzoic acid; a substrate of 156 mM 

acetylthiocholine iodide; and a 0.9% saline solution. The test reagent was prepared by 

mixing 3.0 mL of buffer/chromogen with 2.0 mL of substrate (0.31 mL of reagent was required 

per specimen) and loaded into the reagent boat of a COBAS system which was the 

instrument used for analysis. 

Plasma Cholinesterase Analysis The COBAS' sample cups were filled with a minimum of 

0.1 mL of plasma or controls and placed in sample disks. The parameters used for analysis 

are described in the following table. 

Instrumental Conditions for Analysis of Blood Cholinesterase Activity 

with the COBAS Analytical Sampler 

Calculation factor: 
Temperature: 
Wavelength: 
Sample volume: 
Diluent volume: 
Reagent volume: 
Start of first reading: 
Time intervals: 
Number of readings: 

25°C 
405 nm 
2.0 (iL 
20 nL 
310 uL 
60 sec. 
10 sec. 
18 

9389 U/L* 

•International Units of Activity per Liter 
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APPENDIX G 
(continued) 

Erythrocyte (RBC) cholinesterase analysis One mL of whole blood was washed 3 times 

with 0.9% saline and the excess saline aspirated off after the last wash. With a 100 |xL 

pipette, 0.1 mL of washed packed red blood cells were transfered into a test tube containing 

0.9 mL deionized water for a 1:10 dilution. All RBC hemolysates were made in duplicate. 

Each test tube was vortexed and left standing a minimum of 15 minutes but not longer than one 

hour at room temperature before analysis. The tubes were vortexed once again before being 

loaded into the sample cups. The sample cups were filled with subject hemolysate (2 

samples per subject; one for each hemolysate) and controls. The same controls used for the 

plasma analysis were used for the RBC analysis. The test parameters were also similar 

except for a different calibration factor of 93980 U/L. 

Derivation of the calibration factor: U/L* = A/mim x F 
Calibration Factor for plasma cholinesterase: F = (l/Ex 10^) S/sv 
E = millimolar absorbance coefficient = 13.3 cm^ / (iM 
S = surface area of bottom of cubette = 0.25 cm^ 
sv = sample volume = 0.002 mL 

Reference Range: 1,000 - 3,900 U/L 
Based on an in-house study performed on 98 (42 females, 56 males) "normal" individuals, 20 -
62 years-of-age. 

Calibration Factor for RBC cholinesterase: 
F = (1/E x 10^) S/sv x dilution factor dilution factor = 10 

Reference Range for RBC Cholinesterase: 4,000 -10,000 U/L 
Based on an in-house study performed on 117 (53 females, 64 males) "normal" individuals, 19-
64 years of age. 

*U/L = Units of Enzyme Activity per Liter of Sample 
Units = 1 pMole substrate catalyzed per minute 



APPENDIX H 

First-order Degradation Model for Azinphos-methyl 

k = In (A/A0)/-t 

k = decay constant 
A = concentration at time t 

A0 = initial concentration, at t = 0 
t = time 

y = -0.009 (x) + 0.323 

(from Figure 4.1) 

k = 0.0207 

yi/2 = (2.014/2) = 1.051 

ti/2 = In (A/A°)/-k 

ti/2 = 33 days 
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APPENDIX I 

DFR OF AZINPHOS-METHYL AND OXON IN SUTTER COUNTY 1990 

GAUMES SULLIVANS 
AZM + OA AZM + OA 

INTERVAL AZM OA MEAN STD INTERVAL AZM OA MEAN STD 
1HR 1.12 0 2.18 0.78 2 DAY 1.56 0 1.52 0.29 

2.44 0 1.15 0 
2.97 0 1.85 0 

24 HR 1.38 0 2.4 0.77 6 DAY 1.49 0 1.43 0.12 
2.63 0 1.27 0 
3.22 0 1.54 0.019 

3 DAY 1.23 0.008 1.9 0.53 2 WK 1.48 0.006 1.55 0.07 
1.92 0 1.53 0.006 
2.52 0.008 1.64 0.007 

1 WK 1.11 0 1.67 0.71 3 WK 1.83 0.03 1.46 0.31 
1.23 0 1.48 0.03 
2.65 0.025 1.06 0.02 

2 WK 1.34 0.007 1.46 0.11 4 WK 1.45 0.025 1.38 0.09 
1.57 0.006 1.45 0.025 

3 WK 1.7 0.02 1.5 0.17 1.25 0.025 
1.5 0.02 5 WK 1.05 0.03 1.23 0.13 

1.29 0.02 1.3 0.023 
4 WK 0.96 0.025 1.19 0.16 1.35 0.029 

1.36 0.025 6 WK 0.87 0.007 0.79 0.19 
1.2 0.025 0.53 0.003 

5 WK 0.84 0.013 1.18 0.28 0.97 0.01 
1.12 0.039 7 WK 0.74 0.003 0.81 0.09 
1.5 0.038 0.93 0.003 

6 WK 0.9 0.005 0.79 0.1 0.76 0.01 
0.66 0.003 8.5 WK 0.59 0.007 0.68 0.07 
0.81 0.005 0.72 0.008 

7 WK 0.59 0.003 0.85 1.9 0.74 0.008 
0.908 0.004 10 WK 0.71 0.017 0.55 0.13 

1.04 0.014 0.55 0.012 
52 DAY 0.34 0.008 0.4 0.15 0.38 0.005 

0.65 0.008 
0.25 0.006 
0.32 0.006 

53 DAY 0.74 0.01 0.69 0.07 
0.58 0.01 
0.72 0.009 
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APPENDIX I 
( continued) 

HALFORDS ANDROSS 
AZM + OA AZM + OA 

INTERVAL AZM OA MEAN STD INTERVAL AZM OA MEAN STD 
2 DAY 2.43 0 1.96 0.43 1 DAY 3.06 0 8.39 0.23 

1.4 0 2.51 0 
2.04 0.008 2.82 0 

6 DAY 1.08 0 1.5 0.58 3 DAY 1.57 0 6.07 0.32 
1.1 0 2.2 0 

2.31 0 2.3 0 
2 WK 1.63 0.006 1.9 0.19 1 WK 1.55 0 4.5 0.2 

2.05 0.01 1.23 0 
2 0.009 1.72 0 

3 WK 1.39 0.02 1.43 0.12 2 WK 1.67 0.004 4.884 0.11 
1.57 0.02 1.47 0.005 
1.27 0.03 1.73 0.005 

4 WK 1.29 0.024 1.46 0.12 3 WK 1.56 0.01 4.64 0.12 
1.44 0.024 1.67 0.01 
1.59 0.025 1.38 0.01 

5 WK 1.21 0.035 1.01 0.14 4 WK 1.53 0.022 4.577 0.13 
0.88 0.032 1.64 0.024 
1.11 0.027 1.34 0.021 

6 WK 0.6 0.003 0.66 0.15 5 WK 1.16 0.025 3.503 0.05 
0.003 0.51 1.19 0.03 
0.85 0.005 . 1.07 0.028 

7 WK 0.938 0.006 0.79 0.17 6 WK 0.72 0.003 2.24 0.15 
0.548 0.003 0.94 0.004 
0.878 0.003 0.57 0.003 

8.5 WK 0.62 0.007 0.66 0.04 7 WK 1 0.006 2.811 0.06 
0.7 0.008 0.935 0.018 

0.63 0.007 0.84 0.012 
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APPENDIX J 
DERMAL DOSIMETRY DATA 

Dermal Monitoring Day 1 

Face Wipe 
(Hg> 

Hands: 
Wipe Wash 
(M-g) (Jig) 

Shirt 
(Hg) 

Total 
(Hg> 

DDR* 
((Xg/hr) 

235 3,969 1,982 4,601 10,787 1,348 
255 3,716 1,466 7,984 13,421 1,678 
231 1,565 2,260 2,807 6,863 858 
177 3,554 2,503 5,296 11,530 1,441 
165 2,968 2,233 5,525 10,890 1,361 
70 3,063 2,787 7,635 13,555 1,694 
134 2,835 2,346 5,208 10,523 1,315 
202 3,341 1,190 12,853 17,586 2,198 
178 2,554 2,277 7,138 12,147 1,518 
356 4,009 3,322 8,927 16,614 2,077 
210 3,642 2,130 2,367 8,331 1,041 

201 3,200 2,227 6,394 12,023 1,503 
70 683 550 2,835 3,044 380 

Dermal Monitoring Day 2 

Hands: 
Face Wipe Wipe Wash Shirt Total DDR* 
(Hg) (ng) (Hg) (|ig) (fig) (Hg/hr) 

221 4,138 2,020 8,606 14,984 1,873 
106 4,094 1,164 7,170 12,534 1,567 
97 3,687 2,088 8,124 13,996 1,750 

103 3,570 2,211 8,442 14,326 1,791 
217 3,808 1,713 17,448 23,186 2,898 
156 2,742 1,117 10,337 14,352 1,794 
261 5,484 2,987 9,481 18,213 2,277 

166 3,932 1,900 9,944 15,942 1,993 
62 765 600 3,201 3,361 979 



Metabolites AM equivalents 
Vol in ug/L 2.52 2.23 2.01 

ID Day mL dmp dmt dmdt dmp dmt dmdtp ID Da 
101 0 800 144 502 12.5 362 1120 25.125 101 
102 0 1100 12.5 12.5 47.6 31.5 27.9 95.676 102 
106 0 800 85.9 151 12.5 216 337 25.125 106 
107 0 300 121 1220 12.5 305 2721 25.125 107 
109 0 100 12.5 55 12.5 31.5 123 25.125 109 
110 0 200 284 566 12.5 716 1263 25.125 110 
111 0 500 46.4 31.4 12.5 117 70 25.125 111 
112 0 900 54.6 50.5 31.8 138 113 63.918 112 
118 0 800 80.4 66.3 29.8 203 148 59.898 118 
119 0 1100 92.5 208 12.5 233 463 25.125 119 
122 0 900 45.8 36.2 12.5 115 80.7 25.125 122 
104 0 700 12.5 35.1 25.4 31.5 78.3 51.054 104 
105 0 900 12.5 12.5 29.7 31.5 27.9 59.697 105 
120 0 900 68.9 60.7 12.5 174 135 25.125. 113 
113 0 500 125 372 12.5 314 830 25.125 115 
115 0 1000 117 216 12.5 294 481 25.125 117 
117 0 500 139 260 12.5 350 580 25.125 120 
123 0 1100 67.8 104 12.5 171 232 25.125 123 
124 0 900 96.5 160 12.5 243 356 25.125 124 
126 0 1100 12.5 12.5 36.6 31.5 27.9 73.566 126 
127 0 500 93.9 150 12.5 237 334 25.125 127 
129 0 200 51.7 183 12.5 130 407 25.125 129 
121 0 400 12.5 31.7 12.5 31.5 70.8 25.125 121 
125 0 1000 12.5 12.5 12.5 31.5 27.9 25.125 125 
108 0 1100 12.5 12.5 41 31.5 27.9 82.41 108 
103 0 100 12.5 12.5 12.5 31.5 27.9 25.125 114 

116 

Metabolites AM equivalents 
Vol in ug/L 2.52 2.23 2.01 
mL dmp dmt dmdt dmp dmt dmd 

1100 240 340 40 606 758 80.4 
700 65.2 143 12.5 164 318 25.1 
600 106 288 12.5 266 642 25.1 
400 192 1320 12.5 485 2944 25.1 
500 85 601 58.2 214 1340 117 
300 178 1100 32 449 2453 64.3 
700 321 660 31 808 1472 62.3 

1300 129 248 37.5 326 553 75.4 
600 239 379 47.7 602 846 95.9 

1800 106 189 12.5 266 422 25.1 
700 198 190 25 500 424 50.2 

1000 162 473 12.5 409 1054 25.1 
800 381 450 51.3 960 1004 103 

1100 238 327 53.3 599 729 107 
1100 281 720 12.5 707 1606 25.1 
1100 80.2 409 33.5 202 911 67.3 
900 138 247 39.8 347 550 80 
900 131 278 42.7 329 620 85.9 
800 341 620 33 859 1383 66.3 

1100 200 420 12.5 505 937 25.1 
300 169 384 12.5 427 855 25.1 
100 85.9 150 12.5 216 334 25.1 

1800 12.5 63.4 12.5 31.5 141 25.1 
2000 12.5 35.5 12.5 31.5 79.2 25.1 
600 12.5 37.1 12.5 31.5 82.8 25.1 
100 12.5 12.5 50.8 31.5 27.9 102 
200 12.5 12.5 41.8 31.5 27.9 84.1 

0 
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Metabolites AM equivalents 
Volu in ug/L 2.52 2.23 2.01 

ID D mL dmp dmtp dmdt dmp dmt dmdtp ID Day 
101 2 1000 169.6 332.9 28.6 427 742 57.5 101 3 
102 2 800 142.65 0.789 688 359 1.76 1382 102 3 
106 2 600 67.157 370.6 12.5 169 826 25.1 118 3 
107 2 300 294.12 1572 34 741 3505 68.3 119 3 
109 2 900 159.8 490.1 25.6 403 1093 51.5 106 3 
110 2 500 260.98 685.5 12.5 658 1529 25.1 107 3 
111 2 1000 396.98 387.6 12.5 1000 864 25.1 109 3 
112 2 1100 308 987 26.9 776 2201 54.1 110 3 
118 2 700 300.16 62.35 31.4 756 139 63.2 111 3 
119 2 1000 178.33 756.9 26 449 1688 52.3 112 3 
122 2 700 219.48 991.5 30 553 2211 60.3 122 3 
115 2 1100 491.49 985.6 12.5 1239 2198 25.1 120 3 
117 2 1100 331.67 1274 56.8 836 2841 114 104 3 
113 2 1100 359.93 579.4 12.5 907 1292 25.1 105 3 
104 2 900 140.36 361.7 373 354 807 749 113 3 
105 2 900 306.37 327.4 57.3 772 730 115 115 3 
120 2 900 150.89 565 12.5 380 1260 25.1 117 3 
123 2 1000 125.79 1.68 56 317 3.75 113 123 3 
124 2 1100 384.09 927.5 30 968 2068 60.3 124 3 
126 2 700 232.17 598.7 42.6 585 1335 85.7 126 3 
127 2 1100 189.63 347.6 32.5 478 775 65.3 127 3 
129 2 800 300.16 880.2 12.5 756 1963 25.1 129 3 
121 2 1100 12.5 55.76 12.5 31.5 124 25.1 121 3 
125 2 900 12.5 12.5 12.5 31.5 27.9 25.1 125 3 
108 2 1000 12.5 25.48 12.5 31.5 56.8 25.1 108 3 
103 2 100 12.5 12.5 12.5 31.5 27.9 25.1 

Metabolites AM equivalents 
Vol in ug/L 2.52 2.23 2.01 
mL dmp dmt dmdt dmp dmt dmdtp 

1100 109 146 12.5 273 326 25.1 
1100 78.5 160 116 198 356 232 
800 12.5 0.67 12.5 31.5 1.5 25.1 

1100 60.2 0.92 12.5 152 2.05 25.1 
1000 12.5 192 12.5 31.5 428 25.1 
300 66.9 190 323 169 423 650 
800 12.5 75.1 12.5 31.5 167 25.1 
700 12.5 133 12.5 31.5 296 25.1 

1000 50.8 201 44.5 128 449 89.4 
1100 12.5 112 12.5 31.5 250 25.1 
800 44.4 196 12.5 112 437 25.1 

1000 12.5 43.8 12.5 31.5 97.6 25.1 
900 86.4 309 45 218 689 90.5 

1000 12.5 12.5 12.5 31.5 27.9 25.1 
1100 42.4 176 12.5 107 393 25.1 
1100 103 533 12.5 259 1189 25.1 
1100 47.3 63 12.5 259 1189 25.1 
900 63.3 120 12.5 160 267 25.1 

1000 90.9 131 12.5 229 292 25.1 
1000 46.9 101 12.5 118 226 25.1 
1117 66.9 190 323 169 423 650 
1100 71.5 173 12.5 180 387 25.1 
1000 12.5 12.5 12.5 31.5 27.9 25.1 
1100 12.5 12.5 12.5 31.5 27.9 25.1 
1100 12.5 12.5 12.5 31.5 27.9 25.1 



Metabolites AM equivalents 
Vol in ug/L 2.52 2.23 2.01 

ID Day mL dmp dmt dmdt dmp dmt dmdtp 
101 4 1000 12.5 87.3 12.5 31.5 195 25.125 
106 4 1000 12.5 12.5 12.5 31.5 27.9 25.125 
111 4 500 12.5 27.6 12.5 31.5 61.6 25.125 
112 4 1000 12.5 39.1 12.5 31.5 87.3 25.125 
118 4 1100 88.6 105 12.5 223 235 25.125 
119 4 1000 70.3 202 12.5 177 451 25.125 
122 4 800 12.5 12.5 12.5 31.5 27.9 25.125 
120 4 1000 12.5 12.5 55.9 31.5 27.9 112.36 
104 4 1000 12.5 12.5 25.8 31.5 27.9 51.858 
117 4 1000 12.5 49.1 12.5 31.5 110 25.125 
113 4 1100 216 250 41.3 545 558 83.08 
115 4 1000 12.5 114 12.5 31.5 255 25.125 
123 4 700 12.5 12.5 12.5 31.5 27.9 25.125 
124 4 900 12.5 28.7 12.5 31.5 64 25.125 
127 4 1000 78.6 106 12.5 198 236 25.125 
129 4 1000 12.5 27 12.5 31.5 60.2 25.125 
121 4 700 12.5 12.5 12.5 31.5 27.9 25.125 
125 4 1100 12.5 12.5 27.7 31.5 27.9 55.677 
108 4 1100 12.5 12.5 12.5 31.5 27.9 25.125 

Metabolites AM equivalents 
Vol in ug/L 2.52 2.23 2.01 

ID Day mL dmp dmt dmdt dmp dmt dmdtp 
106 5 1100 12.5 56.8 12.5 31.5 127 25.1 
112 5 1100 12.5 76.6 12.5 31.5 171 25.1 
119 5 1100 12.5 76 12.5 31.5 169 25.1 
122 5 1100 12.5 67.1 89.4 31.5 150 180 
121 5 1100 12.5 50.3 12.5 31.5 112 25.1 
125 5 1100 12.5 32.4 12.5 31.5 72.2 25.1 
103 5 1100 12.5 12.5 12.5 31.5 27.9 25.1 

9/5/90 2.52 2.23 2.01 
102 6 800 237 599 12.5 dmp dmt dmdtp 
104 6 800 332 806 36.1 597 1336 25.1 
106 6 1000 521 3423 12.5 836 1797 72.5 
112 6 600 363 1369 53.6 1314 7633 25.1 
118 6 400 1817 8313 186 916 3053 108 
119 6 800 806 2222 64 4578 ***• 374 
120 6 700 332 599 34.9 2030 4956 129 
126 6 700 711 4389 58.2 836 1336 70.2 
127 6 500 395 1430 40.7 1791 9787 117 
129 6 800 758 3655 85 995 3190 81.9 
121 6 1000 12.5 59.9 12.5 1911 8151 171 
125 6 800 12.5 42.5 12.5 31.5 134 25.1 
108 6 1000 27.2 57.5 12.5 31.5 94.9 25.1 
103 6 100 12.5 12.5 12.5 68.5 128 25.1 

~ > 
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DAY 6 is 15 days after the "DAY 5" sample. 
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APPENDIX L 

T-TEST INTRAGROUP COMPARISON OF CHOLINESTERASE LEVELS 

Plasma Chlolinesterase 
August 16 to August 24 

Harvesters Irrigators Controls CDFA Staff 
t-value -0.59 -4.45 0.15 0.22 
probability 0.56 0.97 0.88 0.83 

August 16 to September 4 
Harvesters Irrigators Controls CDFA Staff 

t-value -0.66 -0.76 0.06 0.099 
probability 0.51 0.50 0.95 0.93 

August 24 to September 4 
Harvesters Irrigators Controls CDFA Staff 

t-value -0.08 -0.70 0.91 -0.08 
probability 0.94 0.52 0.85 0.94 

RBC Cholinesterase 
August 16 to August 24 

Harvesters Irrigators Controls CDFA Staff 
t-value -0.2 0.14 0.36 0.008 
probability 0.84 0.90 0.72 0.93 

August 16 to September 4 
Harvesters Irrigators Controls CDFA Staff 

t-value -0.32 -1.80 -1.8 0.9 
probability 0.75 0.15 0.09 0.42 

August 24 to September 4 
Harvesters Irrigators Controls CDFA Staff 

t-value -0.16 2.68 2.3 -1.3 
probability 0.8 0.06 0.03 0.27 
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Appendix M 
T-TEST INTERGROUP COMPARISON OF CHOUNESTERASE LEVELS 

Plasma Chollnesterase 
August 16 

Harvesters/ Harvesters/ Harvesters/ Irrigators/ Irrigators/ Controls/ 

Irrigators Controls CDFA Staff Controls CDFA Staff CDFA Staff 

t-value -0.09 -0.19 1.06 -0.25 1.53 0.51 

probability 0.37 0.86 0.3 0.80 0.19 0.62 

August 24 
Harvesters/ Harvesters/ Harvesters/ Irrigators/ Irrigators/ Controls/ 

Irrigators Controls CDFA Staff Controls CDFA Staff CDFA Staff 

t-value -0.54 0.27 1.54 -0.38 -1.61 -0.38 

probability 0.59 0.79 0.14 0.71 0.17 0.71 

September 4 
Harvesters/ Harvesters/ Harvesters/ Irrigators/ Irrigators/ Controls/ 

Irrigators Controls CDFA Staff Controls CDFA Staff CDFA Staff 

t-value -1.01 0.02 1.28 -0.85 -1.23 -0.43 

probability 0.42 0.99 0.23 0.42 0.31 0.7 

RBC Chollnesterase 
August 16 

Harvesters/ Harvesters/ Harvesters/ Irrigators/ Irrigators/ Controls/ 

Irrigators Controls CDFA Staff Controls CDFA Staff CDFA Staff 

t-value -1.6 -4.5 -3.6 0.85 1.41 -0.88 

probability 0.08 0.0001 0.002 0.41 0.31 0.44 

August 24 
Harvesters/ Harvesters/ Harvesters/ Irrigators/ Irrigators/ Controls/ 

Irrigators Controls CDFA Staff Controls CDFA Staff CDFA Staff 

t-value -1.6 -4.06 -3.4 1.02 -2.16 -1.27 

probability 0.14 0.0004 0.003 0.33 0.08 0.22 

September 4 
Harvesters/ Harvesters/ Harvesters/ Irrigators/ Irrigators/ Controls/ 

Irrigators Controls CDFA Staff Controls CDFA Staff CDFA Staff 

t-value -3.12 -4.9 -1.33 -0.65 -1.77 -1.3 

probability 0.009 0.0001 0.21 0.54 0.17 0.21 
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