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ABSTRACT OF THE DISSERTATION 

 

 

An Evaluation of the Importance of Hand Exposures Using Rubber Latex Gloves as 

Sampling Dosimeters for Assessing Pesticide Exposures in Strawberry Harvesters 
 

by 

 

Gayatri Sankaran 

 

Doctor of Philosophy, Graduate Program in Environmental Toxicology 

University of California, Riverside, December 2012 

Dr. David Eastmond, Chairperson 

 
 

 

The widespread use of pesticides in California is commonly viewed as a significant 

public health concern.  Exposure is particularly a concern for workers who use pesticides 

in agriculture or who are exposed to them during the harvesting of fruits and vegetables.   

Previous research has shown that direct dermal and clothing contact with foliar residues 

is primarily responsible for pesticide exposures among harvesters. These exposures occur 

primarily due to hand contact with treated leaf surfaces while picking the fruit. The 

overall objective of our research was to conduct detailed, systematic evaluations of 

strawberry harvester exposures for periods extending up to 3 weeks after the application 

of malathion, an organophosphate insecticide, and fenpropathrin, a pyrethroid insecticide. 

Since exposure occurs primarily through the workers’ hands, we decided to also 

investigate the effectiveness of rubber latex gloves as sampling dosimeters to measure the 

transfer and dissipation of malathion and fenpropathrin.  
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During the first phase of our studies, we conducted controlled field studies on turf using 

rubber latex gloves to define the factors that could influence the transfer of pesticides to 

the glove and that would affect their use as a residue monitoring device. We developed a 

novel sampling device called the Brinkman Contact Transfer Unit (BCTU) to study the 

glove characteristics and residue transfer and accumulation under controlled conditions 

on turf. A validation of the use of rubber latex gloves as a residue sampling dosimeter 

was performed by comparing pesticide transfer and dissipation from the gloves with the 

transferable turf residues sampled using the validated California Department of Food and 

Agriculture (CDFA) roller, a standard measure of residue transfer. The observed 

correlation between the two methods were 0.93 for malathion and 0.87 for fenpropathrin, 

indicating that the BCTU is a useful surrogate tool for studying available residue transfer 

to rubber latex gloves under experimental conditions.  

 

In the second phase of our studies, we investigated the transfer of pesticide residues from 

foliage to strawberry harvesters under normal work conditions in the field.  In addition, 

foliar residue dissipation from the leaves and gloves was measured using five 

independent sampling methods. Malathion and fenpropathrin residues, sampled by 

measuring dislodgeable foliar residues or the transfer of foliar residues to cotton cloth 

dosimeters,  decayed by 90% within 7 days after pesticide application. When harvesters 

picking fruit wore rubber latex gloves for food safety and hygiene reasons, the gloves 

accumulated pesticide residues.  Within 7 days, the recovery of residues on the gloves 

decreased by 75%. Though this decline is slightly slower than that seen with the foliar 
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residues, both reached low stable levels. Quantitative measurements of end-of-shift 

harvester hand washes and 16 hour harvester urine samples were also collected from 

barehanded and gloved harvesters to study hand exposures and internal exposures as 

absorbed daily dosages, respectively. Hand wash residue levels decayed by 90%, within 7 

days after pesticide application, and less than 2% of measured residues penetrated the 

latex gloves to reach the harvester hands. Based on these measures, the gloved harvesters 

had 45% lower internal exposure than the barehanded harvesters, demonstrating that 

rubber latex gloves are a protective barrier to surface residues. Overall, the absorbed 

daily doses of malathion for barehanded and gloved harvesters were lower than 0.005 

mg/kg-day. However, the decline in excreted urine metabolites were only 43% in gloved 

harvesters and 33% in barehanded harvesters, which was slower and more prolonged than 

expected based on our observations from other sampling techniques.   

 

Our results indicate that there were likely other sources of exposure such as malathion 

breakdown products present on the foliar surfaces after the dissipation of malathion itself. 

This is consistent with recent studies that have shown that malathion degradation 

products are present for prolonged periods on foliar surfaces. Overall, our studies 

demonstrate that latex gloves can be useful as dosimeters of pesticide residues and show 

that malathion and fenpropathrin themselves dissipate relatively quickly from strawberry 

fields.  
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CHAPTER 1 

REVIEW OF AGRICULTURAL HARVESTER EXPOSURE ASSESSMENTS 

 

 

 

 

 

 

  

 

 

 

  



2 

 

 

INTRODUCTION 

Pesticides form the basis for integrated pest management in many settings including 

agriculture, urban residential settings, structural pest control, landscape maintenance, 

vector control and fumigation (Quirós-Alcalá et al., 2011). They are used to control a 

wide range of pests and offer protection to crops, structures and stored produce. 

Commercial pesticides are uniquely formulated with active and inactive ingredients to 

enhance toxicity to pests, rather than to the environment, pets or humans (Sexton et al., 

1995). Since pesticides are manufactured in large quantities and are biologically active, 

there are serious health concerns for those directly involved with their use (Batchelor and 

Walker, 1954).  As a result, the widespread use of pesticides can have varying amounts of 

human exposures (California Department of Pesticide Regulation, 2011). The United 

States Environmental Protection Agency (USEPA) defines exposure as contact with a 

chemical with potential for absorption via oral, dermal and/or inhalation routes. Human 

exposures due to pesticide use, either directly or from persistent residues are 

predominantly dermal or vary over orders of magnitude for pesticide handlers, harvesters, 

bystanders and consumers (European Food Safety Association, 2010). Given current 

practices, low-level chemical exposures occur every day and are essentially inevitable. As 

a result, it is important to assess human pesticide exposures.                                                                                           

  

Pesticides are hazardous by definition and function and, their risk largely depends on the 

amount of exposure. Risk assessment is the characterization of the potential adverse 
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health effects due to human exposures to environmental hazards and can be defined as 

risk = exposure x hazard (Krieger et al., 1993).  

 

The USEPA (2012a) categorizes the risk assessment for a chemical in four basic steps:  

1. Hazard identification: Characterization of the potential adverse health effects that 

occur due to the chemical.  

2. Dose-response: Investigating the adverse health effects (responses) in relation to 

the amount of exposure to the chemical (dose).   

3. Exposure assessment: Estimating chemical exposures to the doses in the target 

environment.  

4. Risk assessment: Summarizing and integrating information for an overall 

understanding of the risk to the chemical.   

 

In general, exposure assessments, the third step in the risk assessment process, require the 

understanding of exposure concentrations, contact time, contribution of environmental 

factors, target organisms, potential health effects and dose reconstruction (Covello, 

1993). For pesticides, the amount of personal chemical exposures is dependent on many 

factors including pesticide application amounts, residue levels on surfaces, absorption 

potential, time interval between application and contact, standard worker protection, and 

personal protective equipment (Gregus, 2007). Increasingly, low-level pesticide 

exposures are measurable and are gaining increased regulatory interest.  
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PESTICIDES USED IN CALIFORNIA AGRICULTURE  

In 2010, the reported use of pesticides in California totaled 173 million pounds, which 

amounted to an increase of 15 million pounds from 2009 (California Department of 

Pesticide Regulation, 2010). The active ingredients (AI) with the largest uses by weight 

were sulfur, petroleum and mineral oils, metam-sodium (methyl dithiocarbamate sodium 

salt), 1,3-dichloropropene and glyphosate. Pesticide use varies from year to year 

depending upon pest problems, weather, acreage and the types of crops planted, as well 

as economic considerations. Common pesticide application methods include the use of 

agricultural solid broadcast spreaders (using trucks/tractors) and high volume air blast 

sprayers (USEPA, 2010). Aerosol cans, airless handheld spray gun sprayers and garden 

hose-end sprayers are also utilized in residential and agricultural settings. 

 

After application, pesticide residues are usually dispersed in the air (Stearns et al., 1952). 

When the spray has dried, the dust settled and the vapors dissipated, most of the particles 

can be found on the foliage and soil (Krieger et al., 2006). Pesticide exposures to 

agricultural workers, particularly handlers and harvesters, occur from preparation of the 

product for application (mixing/loading), the actual application of the pesticide(s), 

harvesting, packing, processing, and to a lesser extent, through consumption of the 

treated food.  
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FEDERAL LAWS GOVERN AGRICULTURAL PESTICIDE USAGE  

The purpose of agricultural pesticide applications is to destroy only the pests that are 

detrimental to crop growth while having minimal environmental impact. As a 

consequence of the known toxicities of pesticides, the EPA tightly regulates their 

application and practice under three major federal acts.  

 

1. Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)  

This was the first pesticide control act established in 1910 to provide legal information 

about products containing pesticides (USEPA, 2012b). Strengthened in 1947, FIFRA 

required labeling information and pesticide registration but did not regulate pesticide use. 

It has been amended several times in the FEPCA (Federal Environmental Pesticide 

Control Act) and the FQPA (Food Quality Protection Act). Currently FIFRA mandates 

that the EPA register all pesticide use in the United States and prescribes labeling and 

other regulatory requirements to prevent unreasonable adverse effects on human health or 

the environment.  

 

2. Federal Food, Drug, and Cosmetic Act (FFDCA)  

The FFDCA was established in 1938 and revised in 1954 to authorize EPA to set 

maximum residue limits (MRLs) for pesticide residues on all agricultural commodities 

(USEPA, 2012c). Section 408 also regulates the toxicity of pesticides and their 

breakdown products and covers aggregate exposures to pesticide residues in food and 

specific risks posed to infants and children. Before a pesticide can be registered with the 
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EPA, a tolerance level or exemption must be granted. The specific definition for setting 

safe tolerances is “When there is a reasonable certainty that no harm will result from 

aggregate exposure to the pesticide residue, then the tolerance is considered to be safe.”  

 

3. The Food Quality Protection Act (FQPA)  

In 1996, the FQPA was implemented to regulate pesticide residue levels in food to protect 

consumers. At that time, maximum residue limits for all food were reviewed and 

reassessed (USEPA, 2012d). Since its enactment, the FQPA has fundamentally changed 

pesticide regulation by making aggregate exposure assessments (pesticide exposures 

from multiple sources, including food, drinking water, residential, and other non-

occupational sources) and cumulative exposure assessment (pesticides that share a 

common mechanism of toxicity are  evaluated together) mandatory for all pesticides. The 

FQPA also amended the FIFRA and the FFDCA making their regulations more stringent. 

The amendments included new safety standards for the reasonable certainty of no harm 

(applicable to all pesticides used on food commodities) and a reassessment of all existing 

tolerances. Since children were recognized as being more susceptible to the adverse 

health effects of pesticide exposures, an additional ten-fold safety factor to protect 

children was also instituted.  

 

CLASSIFICATION OF THE AGRICULTURAL WORKFORCE  

For pesticide exposure assessments, agricultural workers can be classified based on the 

nature of the work activity and when the pesticide exposure occurs (Thongsinthusak, 
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1993). Pesticide handlers are typically mixers/loaders (workers involved in pre-

application and application activities who prepare pesticides for application), loaders and 

applicators (who actually apply the pesticide) and pilots/flaggers (who apply or direct 

aerial application from the ground) (Brodberg et al., 1995). Handlers have maximum 

exposure potential because of direct contact with pesticide formulations (Rutz and 

Krieger et al., 1992). Workers involved in the post-application operations are harvesters 

(who pick the fruit and vegetables and who may also pack and process the produce), 

weeders (who remove the weeds among agricultural crops) and packers (who pack the 

produce). More specific harvester exposures are based on the type of produce such as 

fruits, vegetables, foliage, and underground bulbs (USEPA, 2012e). Harvesters generally 

have long term, relatively low-level exposures since they contact treated foliage and 

fruits directly.  

 

EXPOSURE ASSESSMENT STUDIES IN HARVESTERS  

Harvesters perform a variety of tasks such as harvesting, scouting treated fields, 

irrigating, weeding, thinning, and packing, all with a highly variable potential for contact 

with treated surfaces. These activities are seasonal and vary with the crop to a great 

extent. Pesticide residue levels on plant surfaces can be affected by the crop’s growth, the 

amount of rain, air and soil temperatures, water supply to the crop, sunlight, and plant 

and soil microorganisms (Edwards, 1975). Usually residues decay with time and remain 

on plants at low levels resulting in exposures when workers come into contact with the 

crop (Li et al., 2011). Hence, exposures can be reduced by delaying reentry time into 
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treated fields until residues have dissipated to safe levels (Gunther and Blinn 1955). 

Consequently, managing post application exposures has focused on setting time intervals 

for workers to re-enter the field and development of standard clothing for worker 

protection in 1992.   

 

History   

The first harvester exposure assessment studies were performed in response to parathion 

poisonings among citrus harvesters in the early 1950’s (Milby et al., 1964). Initial 

exposure estimates were done with leaf homogenates but these were not indicative of 

exposure. In the late 1950’s, foliar dust was suggested as the primary vehicle of worker 

exposure (Quinby et al., 1958). When citrus harvesters were exposed to pesticide 

residues, they developed cholinergic signs on re-entering the field to perform routine 

work activities (Popendorf et al., 1990). Durham and Wolfe, 1962, investigated dermal 

and inhalation exposures of workers spraying parathion and malathion and determined 

that dermal exposures accounted for over 90% of the total exposure while inhalation 

exposure was less than 1%. Pesticide residues on foliage can be dislodged and transferred 

to workers who pick treated crops thereby contributing significantly to harvester pesticide 

exposure (Spencer et al., 1975). Historically, there have been three important 

developments that are critical to understanding harvester exposures:  

A. Pre-Harvest Intervals  

B. Re-entry Intervals  

C. Worker Protection Standard  
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A. Introduction of Pre Harvest Intervals (PHI) 

The PHI is the time interval between pesticide application and the harvesting of the crop, 

and is established based on the crop, the pesticide applied and its application rate 

(California Department of Pesticide Regulation, 1998). First instituted in the 1950’s, 

PHIs are largely based on food tolerances. These also protect harvesters from pesticide 

exposures by allowing pesticide residues to degrade to acceptable levels. Every pesticide 

label used for field applications has a PHI. For example, the PHI for malathion and 

fenpropathrin are 3 days and 2 days respectively. The interval varies for each pesticide 

and formulation and as indicated above is designed to allow sufficient time for the 

pesticide to breakdown to reduce residues on fruits (California Department of Pesticide 

Regulation, 2001). However, there are concerns that these intervals may not be 

adequately protective of human health (National Association of Farmworkers 

Organizations, 1980).    

 

B. Introduction of Re-entry Intervals (REI)  

REIs represent the time interval between pesticide application and the authorized reentry 

for workers into the treated field (Serat et al., 1975). To protect the harvester, the re-entry 

time is the time when the estimated or measured absorbed daily dosage is lower than the 

no observable adverse effect level (NOAEL). California first established REIs in 1971 to 

protect agricultural workers from organophosphorus pesticides (Knaak et al., 1978). 

These REIs were based on cholinesterase inhibition studies and focused on acute effects 

(Long et al., 1975). In 1974, California Department of Food and Agriculture (CDFA) 
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adopted Worker Safety Regulations stating that when a safety interval is not specified by 

the label or by federal regulations, persons may enter pesticide-treated areas only after the 

pesticide spray has dried or dust has settled. Similarly, the U.S.EPA has developed 

guidelines for managing post-application worker exposures in fruits and vegetables. 

Dislodgeable foliar residues were particularly useful in developing REIs for 

anticholinesterase agents (Whitmyre et al., 2005). This is discussed in the next section of 

this chapter. 

 

C. Worker Protection Standard (WPS)  

The WPS for harvesters includes long sleeved shirts, long pants, socks and shoes 

(USEPA, 2006). For harvesters, personal protective equipment (PPE) is optional and is 

often supplied by the grower. In 2004, EPA posted the final rule amending the WPS for 

gloves: all early-entry agricultural workers covered by the standard are now permitted to 

wear separate glove liners beneath chemical-resistant gloves.   

 

Dislodgeable foliar residues  

Dislodgeable foliar residues are measurements of total surface foliar residues that can be 

removed from the two-sided foliar surface of a leaf using a mild detergent rinse (Gunther 

et al., 1973). Total surface foliar residues have been used as an indirect method to 

evaluate potential harvester exposure without the need to conduct human studies. These 

measures are useful in estimating the highest potential exposure a harvester may get from 

touching treated foliage (Iwata et al., 1977). Measurement of the foliar surface areas and 
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weights of leaf disc samples have been used to calculate the dislodgeable foliar residue 

on a treated leaf surface. For many of these studies, the treated foliage has been sampled 

using leaf punches to collect circular leaf discs of fixed diameter.  

 

Since workers enter treated fields to harvest, typically at the PHI when pesticide exposure 

is highest, residue measurements are usually performed at short time intervals after 

application. Continuous or repeated contact with the foliage leads to pesticide 

accumulation on skin and clothing, and a portion of the pesticide can penetrate the skin 

(Iwata et al., 1979). Nigg et al. (1984) and Zweig et al. (1985) estimated potential dermal 

exposure using cotton gauze pads and measured dislodgeable foliar residues. Their 

studies were the first to critically evaluate this approach and it has since become the 

accepted standard for calculating external exposure of harvesters. With this method, 

potential dermal exposures (µg/person/day) are calculated based on knowledge of the 

dislodgeable foliar residues (µg/cm
2
) and with the use of an empirical transfer coefficient 

(cm
2
/h) reflecting the nature of the work task, and time worked (hours/d).  The equation 

for potential harvester pesticide external exposure (µg/d) = dislodgeable foliar residues 

(DFR, µg/cm
2
) x harvester transfer coefficient (cm

2
/h) x time worked (hours/day), and is 

called the Zweig-Popendorf relationship. However, the Zweig-Popendorf relationship has 

been validated only for the PHI and is based upon uneven residue retention by different 

regions of the body that contribute little to absorbed dose (Krieger, 1995).   

  



12 

 

 

The transfer coefficient is an empirical number, applied to the dislodgeable foliar residues 

to estimate dermal exposure during the natural dissipation of the residues, and to examine 

how the nature of the work task influences the magnitude of the transfer coefficient. A 

universal harvester coefficient of 5000 cm
2
/hr was utilized for all row crops by Zweig 

(1985). Transfer coefficients were calculated for various agricultural crops from data 

available in the early 1980s (Popendorf and Leffingwell, 1982).  When absorbed dosages 

for workers were not available, internal exposures were estimated by multiplying the 

calculated external exposure number with default clothing penetration and absorption 

factors and dividing by harvester body weight. Based upon the slopes of the natural log of 

the dissipation of foliar residues with time to safe residue levels, and the calculated 

absorbed doses, re-entry times have been calculated for several pesticides (Ross et al., 

1996).  

 

Methods to estimate exposure to harvesters  

A number of methods have been developed to estimate pesticide exposure to harvesters. 

These include active techniques involving the washing or wiping of the skin, passive 

dosimetry with cotton patches and gloves, direct visualization of tracers, and 

biomonitoring pesticides and their metabolites in worker blood or urine. Each of these 

methods will be described briefly below.  
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A. Removal techniques for residues deposited on workers  

Removal techniques are direct exposure measurements that remove pesticides transferred 

to the skin by washing, wiping, or stripping followed by residue recovery from the 

washing solution or from the wiping or stripping medium (Brouwer et al., 2000). Hand 

washes, hand rinses, skin swabs and skin wipes have been used for dermal exposure 

sampling since they collect residue that is potentially available for skin absorption.  

 

a. Hand washes  

Hand washing is a method of residue removal from the skin that involves a combination 

of mechanical agitation, dissolution and hydrodynamic drag (Fenske et al., 1993). Hand 

washing measures residues that are easily removed from the skin, but underestimates 

exposure since the skin retains only a fraction of the deposited pesticide (Fenske and Lu, 

1994). Several hand washing studies have been conducted to investigate external 

pesticide exposures where harvesters washed their hands in a detergent based solvent 

(i.e., distilled water or tap water) inside a collection container (typically Ziploc 

bags/plastic bottles). This hand cleaning process was either timed (~ 30 seconds) or 

determined by visual observation that the hands were clean (Fenske et al., 1999, 

Schneider et al., 1999).  Fenske et al., (1989a) observed that peach harvesters’ exposure 

rates as determined by hand washes were stable relative to sampling time and correlated 

positively with increased picking rate.  The recovery of ten common pesticide residues 

from 5 studies ranged from 23% - 91% indicating that hand washes did not entirely 

remove residues from the hands and should be considered a rough estimate of the amount 
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absorbed by the skin.  In spite of limitations, hand wash studies have been useful in 

understanding residue removal techniques and for estimating external hand residue levels 

(Wester and Maibach, 1989).  

 

b. Skin wipes and swabs  

Skin wipes and swabs are used to remove residues from the harvester skin using sampling 

media such as cotton and cellulose pads or sponges soaked in varying amounts of solvent 

(water/isopropanol/ethanol/ethylene glycol) after contact with pesticide residues during 

harvesting (Campbell et al., 2000). The area of skin sampled, the number of sampling 

contacts and the consequent number of samples taken from the same skin area determines 

the amount of residues removed. These removal techniques are easy and indicate the 

residues available for potential absorption. However, they tend to overestimate actual 

hand exposures (Geno et al., 1996).  

 

B. Retention of residues using passive dosimetry 

The retention of residues has often been measured using passive dosimetry. These 

measure the accumulation of pesticide residues on sample collection media such as 

cotton/cardboard patches, whole body dosimeters, long-sleeved shirts, long-legged pants, 

socks, gloves and scarves.  
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a. Cotton patches   

Dermal exposure studies were originally performed using cotton gauze patches fixed to 

different regions of the worker’s body (shoulders, neck, chest forearm, lower arm, upper 

and lower thigh) (Durham and Wolfe et al., 1962). The residues were deposited on the 

patches based on the degree of contact that the worker had with pesticide laden surfaces, 

primarily foliage. The pesticide residues were analyzed and the exposure was estimated 

by extrapolating the sample area to the body area. While cotton patches are cost-effective, 

less time-consuming and non-invasive, they tend to over- or underestimate exposure 

because of extrapolation to the total body area (Cano et al., 2001). Early studies have 

shown that cotton patch residues were highly correlated (R
2
 = 0.77) with harvester 

metabolites. However, the cotton patch residues are not considered to be indicative of 

residue absorbed which is the critical measure for exposure assessment (Franklin et al., 

1984).  

 

b. Whole body dosimeters  

Cotton or polyester whole body dosimeters as well as long-sleeved shirts and long-legged 

pants, worn by workers have been used as sample collection media for pesticide exposure 

assessments (Krieger and Dinoff, 2000). In these studies, surface residues were deposited 

on the workers clothing during normal work activity. Sections from different areas of the 

whole body dosimeters were cut up, extracted and analyzed for residues to determine the 

amount of residue deposited and distributed over different areas of the body thus 

eliminating the need to extrapolate to other body surface areas. One potential limitation 
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that has been studied is the difference in absorption between cotton and skin. As 

compared to cotton cloth, skin is a more active surface having differing degrees of 

hydration, sweat and sebum (Ross et al., 1990). In spite of these differences, human 

volunteers wearing whole body dosimeters performed jazzercise routines on pesticide 

treated surfaces and the whole body dosimeters were used to estimate ADD. The values 

obtained with this approach (ADD; 0.7 + 0.2 µg/kg) were quite similar to the 

corresponding doses estimated by urine biomonitoring (ADD; 1.0 + 0.7 µg/kg) (Bernard 

et al., 2001).   

 

c. Gloves  

Since the 1960’s, harvesters and others in the agricultural community have used cotton 

gloves while working since they protect the hands and reduce direct hand contact with 

pesticide residues (Wolfe et al., 1959). Glove exposure assessment methods measure 

dermal exposure to hands by analyzing the residues on cotton and rubber latex gloves 

worn during harvesting of treated crops and handling of the pesticide. Light cotton gloves 

were used as passive dosimeters in pesticide exposure monitoring studies conducted by 

the US Environmental Protection Agency and Department of Labor during 1980-1986 in 

a variety of studies of hand-harvested crops including strawberries (Li, 2009).  Direct 

exposure monitoring was performed using cotton gloves and cotton pad dosimeters 

placed on worker clothing. The monitored body areas besides hands included head, 

shoulder, chest, back, upper arm, forearm, and lower legs. The results of these studies 

indicated that hand exposure accounted for 60%-95% of the total exposure.  Although 
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cotton glove monitors are simple, inexpensive media, glove residues cannot be directly 

related to absorbed dose because of their tendency to accumulate chemical residues that 

are not available for dermal absorption (Fenske et al., 1989b).  

 

Harvesters often use light rubber latex gloves to keep their hands clean, reduce pesticide 

exposure, and for cosmetic purposes to protect the fruit (Winterlin et al., 1984). In some 

cases, growers provide the gloves as a food safety measure. In several previous studies, 

rubber latex gloves have been used to estimate malathion exposure to strawberry 

harvesters (Zhang, 2005).  In a study by Krieger et al., (2000), rubber latex-gloved 

harvesters had a 38% lower absorbed dose (average, 2.0 μg captan equivalents, range 

0.9–4.3 μg/person/day) than barehanded harvesters. This observation is similar to a 

previously reported 50% reduction in absorbed dose for strawberry harvesters wearing 

rubber latex gloves that worked in malathion treated fields (Krieger, 1995). Hence, gloves 

are a protective skin barrier which accumulate residues that can be useful in studying 

hand exposures and have the benefit of reducing worker exposure. The ability to 

accumulate foliar residues reflects harvest activities and hence, pesticide glove residues 

may be a more direct indicator of potential harvester exposure than the use of 

dislodgeable foliar residues. In the studies described in the following chapters, rubber 

latex gloves have been used as a passive dosimeter on turf and for agricultural exposure 

assessments.  
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C. Visualizing residue distribution 

Another method for monitoring pesticide residues is through the use of visualization 

techniques. These have been employed for studying residue distribution and deposition 

on different regions of worker body and clothing. Tracer techniques generally use 

fluorescent compounds combined with video imaging to allow quantification of the 

exposure (Dosemeci et al., 2002).  Fluorescent tracers such as 4-methyl-7-

diethylaminocoumarin and Tinopal CBS-X were combined with pesticides during mixing 

and loading and then applied to crops. Following their normal activities, workers 

involved in the different stages of pesticide application and harvesting were subjected to 

UV-A light to visualize the tracers and photographs were taken (Aragon et al., 2006). 

Typically agricultural workers had varying exposure to different parts of the body with 

direct skin exposure accounting for less than 25% (Fenske et al., 1990). Deposition of 

malathion as measured by fluorescent tracers correlated well (R=0.91) with malathion 

urinary metabolites (Fenske et al., 1988). The advantages of fluorescent tracer techniques 

are their simplicity, similarity to residue deposition on skin and their usefulness for 

estimating residue distributions on protective clothing and field equipment with various 

work practices (Cherrie et al., 2000). While visual imaging is limited by reduced 

sensitivity and possible residue losses due to environmental conditions, it can be 

particularly useful in exposure assessments when used along with biological monitoring 

and passive dosimetry techniques.  
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D. Biomonitoring for pesticide metabolites  

Another method for measuring pesticide exposure is by monitoring pesticides and their 

metabolites in body fluids, typically blood and urine (Cruz et al., 2001). Biomonitoring 

integrates pesticide exposure through all routes of exposure (oral, dermal and inhalation). 

It is considered to be a direct technique for assessing aggregate exposures of harvesters 

and is currently a FQPA requirement. Biomonitoring involves fewer measurements and 

assumptions than passive dosimetry for determining absorbed dose in individuals 

exposed to pesticides. Typically, applied pesticide residues deposited on skin and to a 

lesser extent, those inhaled through the nose and mouth or consumed orally, are available 

to be absorbed. Upon absorption, residues are distributed throughout the body in the 

blood, metabolized to pesticide metabolites and excreted into the urine, feces and, to a 

lesser degree, into the saliva and hair (Hayes et al., 1971). Biomonitoring involves 

selecting a suitable biological matrix, an appropriate sample collection time relative to 

exposure, sample preparation, sample storage and analysis of the pesticide and its 

metabolites (Nauman et al., 1994). 

 

Urine biomonitoring was developed in the 1950’s and is the most commonly used 

biomonitoring method. The discovery that organophosphate and carbamate metabolites 

were often rapidly metabolized and cleared by urinary excretion, led to the development 

of methods for sampling, extracting and analyzing urine metabolites such as p-

nitrophenol (a parathion metabolite), malathion mono carboxylic acid (MMA)/malathion 

dicarboxylic acid (MDA) (malathion metabolites), 1-naphthol (a carbaryl metabolite) and 
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3,5,6-trichlorophenol (a chlorpyrifos metabolite), (Bradway et al., 1977, Comer et al., 

1975, Elliot et al., 1960, Shafik et al., 1969). Advances in chromatography techniques 

have shown increased sensitivity and specificity for these metabolites allowing the use of 

smaller sample volumes (Barr et al., 2006). Urine biomonitoring is also non-invasive, 

allowing convenient collection of large sample volumes for extended periods of time with 

minimal inconvenience to the volunteer. In contrast, blood biomonitoring is a more 

invasive procedure that has also been used for people exposed to organophosphates and 

other pesticides (He et al., 1993). It has the added disadvantages of lower metabolite 

concentrations than in urine, low sample volumes and discomfort to the volunteer (Barr et 

al., 2005, Cocker et al., 2002). Organophosphates are associated with anti-cholinesterase 

activity and cholinesterase activity monitoring in the blood has also been used as a 

biomarker of effect. However, it is often less sensitive and cannot be applied to low-level 

exposure monitoring that occurs more commonly than high-level exposures (Magnotti et 

al., 1988).  

 

While biomonitoring has many advantages, the studies are often expensive, time-

consuming and, in some circumstances, may not be permissible to conduct (e.g., pregnant 

women and children). Since biomonitoring is a direct methodology, it reduces the 

uncertainty of using conservative calculations for exposure assessment.   
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RESEARCH OBJECTIVES   

Although a number of studies have been performed to study pesticide exposures in hand 

harvesters, they have focused on measuring exposures using only one or two sampling 

techniques, conducted mostly at the Pre-Harvest Interval. The main objective of our 

research was to conduct detailed, systematic evaluations of harvester exposures using five 

independent sampling techniques extending for 3 weeks under actual field conditions. 

This allowed comparisons to be made between the different techniques. A second 

objective of the study was to investigate the effectiveness of rubber latex gloves as 

sampling dosimeters and to measure pesticide exposures to harvesters.   

 

In Chapter 3, rubber latex gloves were characterized for their use as a residue sampling 

dosimeter since hands are the primary route of pesticide exposure in harvesters. The 

Brinkman Contact Transfer Unit (BCTU), a novel, mobile sampling device with 

mannequin hands developed at UCR, was used to conduct controlled experiments with 

gloves on uniform turf plots treated with malathion and fenpropathrin. Residue 

accumulation on gloves and the effect of contact time with turf were investigated to study 

how these properties affected residue transfer from treated turf. In addition, to validate 

the use of gloves as a useful dosimeter, the dissipation of glove residues was compared 

with the transferable turf residues sampled using the California Department of Food and 

Agriculture (CDFA) roller that is the current validated technique to study turf pesticide 

exposures to humans.   
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In Chapter 4, our goal was to study pesticide exposures to harvesters working in treated 

strawberry fields sprayed with malathion and fenpropathrin. Five different sampling 

techniques were employed to sample surface residues and study residue dissipation with 

time. One traditional method used was the measurement of dislodgeable foliar residues to 

estimate potential external exposures to harvesters. Another technique was the 

measurement of available foliar residues by sampling transferable foliar residues. These 

are essentially residues transferred to cotton cloth dosimeters using a device called the 

Bench top Surface Roller. Since hands are the predominant route of exposure to 

harvesters, pesticide residue accumulation on rubber latex gloves worn by harvesters 

working in treated fields was also studied. Lastly, quantitative measurements of end-of-

shift harvester hand washes and 16 hour harvester urine samples were collected from 

consented harvester groups to study hand exposures and internal exposures as absorbed 

daily dosages, respectively. The recovery and residue dissipation for the five methods 

was examined to understand the transfer and disappearance of the pesticides in the field 

and to estimate the dose and duration of harvester exposures. The glove protection factor, 

possible residue penetration thorough gloves, and the contribution of hands to harvester 

exposures were also investigated to validate the use of gloves as residue sampling devices 

and determine their potential as an effective barrier to surface residues. Overall, these 

studies have provided a better and more complete understanding of harvester exposures 

to surface pesticide residues.  
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INTRODUCTION 

The major insect pests that attack strawberries (particularly in the Central and South 

Coast areas) are lygus bugs, moth and beetle larvae (California Department of Pesticide 

Regulation, 2010). Lygus bugs are becoming a serious problem owing to their increased 

resistance to many pesticides. Malathion (136,317 lbs.) and fenpropathrin (7,448 lbs.) 

were among the major insecticides used in California in 2010. They belong to different 

pesticide classes and act upon the targeted pests by different mechanisms of action. Most 

importantly, they are extensively used in agriculture and residential settings. We are 

interested in studying their exposures to humans and the environment. A brief 

introduction to malathion and fenpropathrin is provided below.  

 

ORGANOPHOSPHATE PESTICIDES: MALATHION 

A. Background 

Organophosphorus compounds were synthesized in the 1820’s by Lassiagne and de 

Clermont but their development as insecticides only occurred 80 years later in the late 

1930s and early 1940s (Chambers and Levi, 1992). Gerhard Schrader is credited as the 

father of organophosphorus compounds since he discovered the general chemical 

structure of organophosphate compounds (Spear et al., 1975). He synthesized tetra-ethyl -

pyro phosphate (TEPP), the first organophosphorus compound as well as the well-studied 

and effective insecticide, parathion. During the 1940’s, sarin, soman (both 

phosphorofluoridates) and tabun (phosphorocyanide) were discovered (Costa et al., 

2006). A common characteristic of these organophosphorus compounds was high, acute 

mammalian toxicity. A classic example is parathion, which has human LD50 of 3-5 
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mg/kg-day (IPCS, 2012a). In 1950, malathion was introduced and had a favorable 

combination of good insecticidal activity with low mammalian toxicity. This led to the 

discovery of similar low-toxicity organophosphorus compounds that served as useful 

tools for effective pest control. Since then, several organophosphorus compounds have 

been made and commercialized worldwide in a variety of formulations. 

  

Malathion targets a wide range of pests such as lygus bugs, aphids, spider mites, 

grasshoppers, leaf hoppers, thrips, fruit worms, and beetles. It has also been used on over 

100 crops and outdoor ornamental plants including strawberries, avocados, citrus and 

spinach (Malathion 8 Aquamul label information). About 2000 malathion products are 

registered worldwide out of which about 180 products are registered for use in the U.S, 

and 36 products are registered for use in California as of 2006 (Newhart, 2006).  It is 

available as an emulsifiable concentrate, wettable powder, dustable powder, and ultra-low 

volume liquid formulations.  

 

B. Physical and Chemical properties  

Malathion is the common name for S-(1,2-di(ethoxycarbonyl)ethyl)-O,O-dimethyl 

phosphorodithioate (CAS: 121-75-5; EPA Registration Number: 34704-474) (Figure  

2-1). Pure malathion is a colorless and odorless liquid. Technical-grade malathion is 

>90% malathion and contains decomposition products and/or impurities from its 

synthesis (ATSDR, 2003a). It is a deep brown or yellowish liquid with a mercaptan or 

garlic odor. Since malathion has a low vapor pressure of 5.03x10
-6

 torr at 25 ºC, it does 
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not readily volatilize from dry soil surfaces. Its Henry’s law constant of 4.89x10
-9

 atm-

m
3
/mol implies a reduced capacity to volatilize from moist soil and water (Kerle et al., 

2007). Malathion is soluble in water (145 mg/L), and as for its environmental fate; it is 

easily transported in surface water and ground water. It is readily soluble in many 

alcohols, esters, aromatic solvents, and ketones. Malathion has a molecular weight of 

330.36 g/mol and a density of 1.23 g/ml. The log octanol-water partition coefficient (log 

Kow) is 2.36 at 20 ºC, indicating a reduced sorption to plant surfaces and low 

lipophilicity. Malathion is stable at room temperature.  

 

C. Toxicological properties    

Malathion has an oral rat LD50 of 1375 mg/kg-day with a No-Observed Adverse Effect 

Level (NOAEL) of 0.23 mg/kg-day, and a Low-Observed Adverse Effect Level (LOAEL) 

of 0.34 mg/kg-day (USEPA 2012a, IPCS 2012b). The corresponding reference dose 

(RfD) is 0.02 mg/kg-day in humans. Malathion has low mammalian toxicity with potent 

insecticidal activity that makes it a near ideal insecticide for use in the field (Mehler and 

Krieger, 1987). This is attributed to its selective toxicity mechanism as explained in page 

5. 

 

D. Isomalathion and Malaoxon: Important analogues of malathion  

Important impurities and/or degradation products commonly found in malathion include 

isomalathion and malaoxon (Aldridge et al., 1979). They have rat LD50’s which are 100 

times lower than malathion: 113 mg/kg-day for isomalathion and 158 mg/kg-day for 
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malaoxon (Franko et al., 2007). Malathion stored under hot, humid conditions for 

extended periods of time may decompose to isomalathion and other impurities. 

Isomalathion inhibits carboxylesterases; a group of enzymes commonly found in 

mammals which metabolize malathion to non-toxic metabolites such as malathion 

carboxylic acids (Talcott et al., 1979). Isomalathion has been indicated as a major 

contributor in the 1976 malathion poisoning of over 7000 workers in Pakistan. At least 

five workers died due to high dermal exposure, estimated at 330 mg malathion and 

absorbed dose was 26 mg/day (Baker et al., 1978).   

  

When carboxylesterases are not available, the major pathway of malathion metabolism is 

the cytochrome P450 (CYP-450) catalyzed bioactivation, which produces the highly 

toxic malaoxon. At low malathion doses, CYP1A2 and CYP2B6 are the primary oxidases 

in malathion metabolism (Buratti et al., 2005).  Malaoxon is a potent cholinesterase 

inhibitor and has high insecticidal action due to this property. Almost all of the systemic 

effects observed following malathion exposure occur due to the action of malaoxon, that 

inhibits acetyl cholinesterase resulting in neurological effects. Malathion 

carboxylesterases are not found in insects resulting in a high rate of malathion activation 

to malaoxon. This metabolic difference is responsible for the selective toxicity of 

malathion towards insects.   
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E. Mode of action  

Malathion inhibits acetyl-cholinesterase (AChE) and therefore, disrupts the nervous 

system of the insect. Inhibiting this enzyme leads to accumulation of AChE and causes 

signals in the nervous system to persist longer than normal (Chambers, 2010). The 

inhibition of AChE by an organophosphorus ester takes place by a chemical reaction in 

which the serine hydroxyl moiety in the enzyme active site is phosphorylated in a similar 

manner to the acetylation of AChE (Fukuto et al., 1990). While the acetylated enzyme 

quickly breaks down to give acetic acid and the regenerated enzyme, the phosphorylated 

enzyme is highly stable and in some cases is irreversibly inhibited (Nair and Hunter, 

2004). Symptoms commonly reported for toxic malathion exposure include headache, 

nausea, muscle weakness, dizziness, difficult breathing, diarrhea, agitation, excess 

secretions, blurred vision, confusion and death from accidental or intentional ingestions 

(Piper, 2006).  

 

F. Metabolism in humans  

In humans, malathion is rapidly metabolized by carboxylesterases to nontoxic 

metabolites competing with the low levels of malaoxon produced by CYP450 

metabolism (Figure 2-2). Typically, 85%–89% is excreted mainly in the urine with only 

4%–15% excreted in the feces (Cruz et al., 2001). Malathion detoxification is catalyzed 

by carboxylesterases and other enzymes and that results in five main non-toxic 

metabolites; malathion monocarboxylic acid (MMA), malathion dicarboxylic acid 

(MDA), dimethyl phosphate (DMP), dimethylthiophosphate (DMTP), and 
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dimethyldithiophosphate (DMDTP) that are water soluble and readily excreted in the 

urine.  In humans, almost 90% of the malathion metabolites are eliminated in the urine by 

12 hrs with nearly 100% excreted from the system within 24 hrs to 48 hrs (Jensen and 

Whatling, 2010). In humans, MMA and MDA are malathion specific biomarkers and 

have been measured at approximately 30% and 13% of the administered dose, 

respectively. Dialkyl phosphates (DAP) also comprised 30% of the total administered 

dose. The phosphates are non-specific to malathion since they are breakdown products of 

other organophosphorus insecticides as well (Zhang, 2005). 

 

G. Environmental fate  

Malathion and its breakdown products are soluble, do not adsorb strongly to soils and are 

mobile. The main degradation mechanism in soil is through aerobic soil metabolism by 

microorganisms. The half-life of malathion in soil has been reported to be 3 days in 

alkaline soil and 7 days in acidic soil (USEPA, 2006). The major metabolite in soil is beta 

malathion monoacid (beta-MMA) with a half-life of 4-6 days. Malathion is less persistent 

(1-25 days in soil) than other organophosphorus pesticides. Malathion degrades quickly 

in water at pH > 7. Hydrolysis is the main route of malathion degradation in alkaline 

aerobic conditions with a half-life of 0.2 weeks at pH 8 compared to 21 weeks at pH 6. 

Metabolites resulting from hydrolysis include malaoxon and malathion monoacids. On 

foliage, the half-life of malathion ranged from <0.3-8.7 days (USEPA, 2006).   
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PYRETHROID PESTICIDES: FENPROPATHRIN  

A. Background 

Pyrethroids are synthetic analogues of pyrethrins that are natural products with 

insecticidal activity. Pyrethrins are commonly found in the flowers of chrysanthemums, 

Tanacetum cinerariaefolium (Casida et al., 1980). Natural pyrethrins consist of six 

compounds: pyrethrin I and II, jasmolin I and II, and cinerin I and II (NIOSH Manual of 

Analytical Methods (NMAM), 1994). Chemical studies of natural pyrethrins began in the 

1920's, and the stereochemistry was studied in the early 1970’s (Kaneko and Miyamoto, 

2001). In order to improve environmental (air, heat and light) stability and higher 

selective toxicity, chemical structures of pyrethrins were modified to produce synthetic 

pyrethroids that were classified into Type I and Type II pyrethroids.  

 

Type I pyrethroids are esters of chrysanthemic acid derivatives and alcohols having a 

furan ring and terminal side chain moieties. These pyrethroids are highly sensitive to 

light, air, and temperature and thus have been used primarily for control of indoor pests 

(Ensley, 2007).  Type I pyrethroids lack a cyano group at the α-carbon of the 3-

phenoxybenzyl alcohol moiety. These can cause a toxic syndrome, commonly referred as 

tremor- or T-syndrome that consists of restlessness, hyperexcitation, tremors, and 

convulsions (Soderlund et al., 2002). Examples include pyrethrin I, resmethrin and 

permethrin.  In contrast, Type II pyrethroids commonly have a cyano group at the α-

carbon of the 3-phenoxybenzyl alcohol moiety. These produce toxic symptoms of 

choreoathetosis/salivation or CS syndrome that include hypersensitivity, salivation, 

http://www.ncbi.nlm.nih.gov/pubmed/11812616
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choreoathetosis (a condition of abnormal movements) and clonic seizures (Cao et al., 

2011). In addition, replacement of photolabile moieties with dichlorovinyl, dibromovinyl 

substituents, and aromatic rings have increased insecticidal activity as well as conferring 

stability under outdoor conditions. Type II pyrethroids have been used worldwide for 

agricultural pests. Examples include fenpropathrin, deltamethrin and fenvalerate.   

 

Fenpropathrin has been marketed in the United States by the Valent Corporation on 

behalf of Sumitomo Chemical (California Department of Pesticide Regulations, 1994). 

Fenpropathrin has both insecticidal and acaricidal properties and is widely used in 

California on strawberries, oranges, wine grapes, raisin grapes and tomatoes (Danitol, 2,4 

emulsifiable concentrate label). Since many insect populations have become resistant to 

malathion due to its long-term use, fenpropathrin is used on strawberry crops since it has 

a different mechanism of action from the organophosphate pesticides (California 

Strawberry Commission, 1999). As a consequence, care is taken in the use of 

fenpropathrin to prevent the development of pyrethroid resistance in mites and lygus 

bugs.  

 

B. Physical and chemical properties  

Fenpropathrin is the common name for (R,S)--cyano-3-phenoxybenzyl-2,2,3,3-

tetramethyl-cyclopropanecarboxylate (CAS: 39515-41-8; EPA Registration Number: 

59639-35) (Figure 2-3). Pure fenpropathrin is a yellowish brown solid with a mild 

aromatic odor (ATSDR, 2003b). It has a low vapor pressure of 5.5x10
-6

 at 20ºC 
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indicating a low potential for volatilization of the compound from dry soil surfaces. 

Fenpropathrin has a Henry’s law constant of 1.8x10
-4

g atm-m
3
/mol which indicates a 

reduced potential for volatilization from moist soil or water. Fenpropathrin emulsifies in 

water with a water solubility of only 0.014 mg/L but is readily soluble in several 

alcohols, esters, aromatic solvents, and ketones. Fenpropathrin has a molecular weight of 

349.4 g/mol and a density of 1.15 g/ml. The log octanol water partition coefficient (log 

Kow) is 6.0 at 20 ºC indicating high sorption to surfaces and a highly lipophilic nature.  

 

C. Toxicological properties    

Fenpropathrin has an oral rat LD50 of 70.6 - 164 mg/kg-day with a NOAEL of 2.5 mg/kg-

day and LOAEL of 6.25 mg/kg-day (USEPA  2012b, Fishel, 2005). The resulting RfD of 

fenpropathrin is 0.025 mg/kg-day. Fenpropathrin exerts its toxicological properties more 

effectively in insects than mammals. Insects are 1000 times more sensitive to pyrethroids 

than mammals, due to the combination of factors such as slower metabolism, lower body 

temperature (pyrethroids have a negative temperature coefficient of action) and increased 

sensitivity of the ion channel target sites (Ray and Fry 2006).  

 

D. Mode of action 

The primary molecular target site for all pyrethroids is the voltage-sensitive sodium 

channel (Soderlund and Bloomquist, 1989). Under normal conditions, sodium channels 

return to zero after the periodic activation and depolarization. Pyrethroids cause the 

prolongation of sodium current than normal as evidenced by the patch clamp method 
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where the sodium current is recorded under artificial depolarization and repolarization 

(Vijverberg et al., 1990). They bind to the α-subunit of the sodium channel and slow the 

opening of channels (or activation) and prolong the closure (inactivation) of the sodium 

channel (Costa, 2007). This leads to the stable hyper excitable state and more sodium 

ions cross the membrane. Type I pyrethroids cause repetitive firing of action potentials, 

but type II compounds typically block the action potential causing a depolarization-

dependent block where generating action potentials is not possible (Spencer et al., 2001). 

At the same time, this leads to a release of neurotransmitters such as acetylcholine, 

dopamine, norepinephrine and a development of toxic symptoms (Miyamoto et al., 

1995). Fenpropathrin seems to have a mixture of Types I and II effects. For example, it 

causes predominantly Type I symptoms in the rat but produces primarily Type II 

symptoms when administered intravenously to mice (Casida et al., 1983).  Type II 

pyrethroids also bind and inhibit GABA-gated chloride channels. 

 

E. Metabolism in humans  

Upon absorption, pyrethroids undergo rapid metabolism through two main routes: 

hydrolysis of the ester linkage, which is catalyzed by hepatic carboxylesterases, and 

oxidation of the alcohol moiety by CYP-450 (Soderlund and Casida, 1977). The 

predominant urinary biomarker of fenpropathrin is 3-phenoxy-benzoic acid (3 PBA) in 

humans (Figure 2-4). Further metabolism occurs by oxidation, hydrolysis and 

conjugation with sulfate or glucuronide. About 90% of fenpropathrin is excreted within 

the first 48 hrs after exposure, and the half-life of 3-PBA is about 10 hrs (Jin-Ok et al., 
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1998). When 
14

C-acid-labeled fenpropathrin preparations were orally administered to rats 

at 2.4 – 26.8 mg/kg, 27-44% was recovered in the urine and 54-71% was recovered in the 

feces (Kaneko, 2010). Other significant urinary metabolites are the sulfate conjugates of 

4-OH PBA and glucuronides of 2,2,3,3-tetramethylcyclopropanecarboxylic acid (TMPA) 

(Skidmore and Ambrus, 2004).  

 

F. Environmental fate  

Fenpropathrin readily decays in soil by two main mechanisms, biodegradation and 

photochemical degradation of surface deposits (FAO, 1993). The half-life of 

fenpropathrin by anaerobic and aerobic microorganisms is 186 days and 152 days, 

respectively. Metabolism occurs via cleavage of the ester bonds, hydroxylation, and 

hydrolysis of the cyano group to amide (-CONH2) and carboxylic (-COOH) groups 

(California Department of Pesticide Regulation, 1994). Fenpropathrin does not readily 

leach and is relatively immobile in soil due to its sorption to soil particles.   

 

Most pyrethroids undergo acid- and base-catalyzed hydrolysis to form the corresponding 

acid and alcohol. On exposure to sunlight, the photolysis half-life is 2.7 weeks in river 

water and 1.6 weeks in seawater (Toxnet, 2010). Under basic conditions and/or elevated 

temperatures (pH 9 over 25ºC, and pH 8 over 55ºC) fenpropathrin is not stable with a 

half-life less than 3 days (California Department of Pesticide Regulation, 1994). 

Predominant hydrolysis reactions occur by cleavage of the ester linkage and hydration of 
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the cyano group. Major hydrolysis products are the amide analog of fenpropathrin 

(CONH2-fenpropathrin), TMPA and 3-phenoxybenzoic acid (3-PBA).   

 

The half-life of fenpropathrin in foliage was studied by application of radio-labeled 

fenpropathrin on to cabbage plants (Mikami et al., 1985). Fenpropathrin rapidly 

penetrated the cabbage plants and was metabolized with a half-life of 11-12 days. The 

main metabolites were fenpropathrin conjugates (Yamada, 2006). The reduced half-life 

on foliage may be due to the absorption by the plant cuticle and transfer into plant tissues.  

 

SUMMARY 

In summary, malathion and fenpropathrin are pesticides that are tightly regulated by the 

EPA. Malathion is a nonsystemic organophosphate insecticide of low mammalian toxicity 

that dissipates quickly to low levels in the environment. Fenpropathrin, a type II synthetic 

pyrethroid, is  both an insecticide and miticide that decays to non toxic metabolites more 

slowly than malathion in the environment. These were chosen as the pesticides of interest 

in this dissertation owing to their differences in pesticide classification and their 

extensive use in California’s strawberry industry. In combination, malathion and 

fenpropathrin act effectively on strawberry plant pests such as Lygus bugs and to protect 

the fruit.  
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Figure 2-1: Chemical structure of malathion 

 

 

 

CAS - 121-75-5  

Molecular weight - 330.36 g/mole 

 

 

Reference: http://www.inchem.org/documents/pds/pds/pest29_e.htm 

http://www.inchem.org/documents/pds/pds/pest29_e.htm


52 

 

 

Figure 2-2: Malathion metabolism in humans 

      

 

 

MMA - Malathion monocarboxylic acid 

MDA - Malathion dicarboxylic acid 

DMDTP – Dimethyldithiophosphate 

DMTP - Dimethylthiophosphate  

DMP - Dimethylphosphate  

 

 

Figure from Buratti et al., 2005  
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Figure 2-3: Chemical structure of Fenpropathrin 

 

 

 

CAS Number: 39515-41-8 

 Molecular Weight: 349.41 g/mole 

 

Reference:http://www.farmchemicalsinternational.com/cropprotection/cpd/?op=cpd

productdetail&pid=182740  
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Figure 2-4:  Fenpropathrin metabolism in humans  

 

 

 

PBA – Phenoxy-benzoic acid 

TMPA - 2,2,3,3-tetramethylcyclopropanecarboxylic acid 

 

Reference: http://www.inchem.org/documents/jmpr/jmpmono/v93pr10.htm  

 

 

 

 

  

http://www.inchem.org/documents/jmpr/jmpmono/v93pr10.htm
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CHAPTER 3 

CRITICAL EVALUATION OF RUBBER LATEX GLOVES AS A SAMPLING 

DOSIMETER USING A NOVEL SURROGATE SAMPLING DEVICE 
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INTRODUCTION  

Background  

When pesticides are used to protect turf from insects, mites, and plant disease, people 

contacting the treated turf have the potential for pesticide exposure. Direct dermal 

exposure to surface residues have shown to be the main route of exposure and many 

methods have been used to study the transfer of surface residues from turf (Zartarian et 

al., 2000). These include the polyurethane (PUF) roller, shoe shuffling and foliar washes, 

which are analogous to the dislodgeable foliar residue measurements used in agriculture 

(Williams et al., 2003). The California Department of Food and Agriculture (CDFA) 

roller is the only surface sampling method which has been validated by urine 

biomonitoring and is currently recognized as the standard measure of Transferable Turf 

Residues (expressed in µg/cm
2
) (Bernard et al., 2001, USEPA, 2012).  

 

Our interest is in determining how gloves can be used as sampling dosimeters to study 

dermal pesticide exposure in strawberry harvesters. Studying and characterizing the 

gloves’ properties for use as a sampling dosimeter is too expensive and difficult to be 

entirely performed under field conditions. Hence measurements such as residue transfer 

and pesticide accumulation as a function of contact time have been performed under 

controlled experimental studies on turf. Turf plots typically are uniform surfaces 

representing a convenient and appropriate setting for the study of the fate and transport of 

pesticide residues. These experiments should provide information that will assist in 

studying pesticide exposures of harvesters under field conditions. Previous studies have 
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shown that pesticide exposures of hand harvesters can largely be attributed to hand 

contact with sprayed leaf surfaces (Bradman et al., 2009; Krieger, 1995, Zhang, 2005).  

Since exposure to the hands may contribute more than 50% of pesticide exposure during 

harvesting, different types of gloves have been used for over 50 years as dosimeters for 

estimating hand exposure (Durham and Wolfe, 1962, Li, 2009).   

 

Gloves as a potential dosimeter 

A dosimeter is a device/instrument that can accumulate a measurable amount of material 

representative or proportional to the actual exposure and produces data which can be 

useful for improving risk assessment (USEPA, 2007). Key qualifying characteristics of a 

direct dosimeter include residue measurements as a function of sampling time, and 

residue decline patterns consistent with the natural residue dissipation on the treated 

foliage.  

 

Direct dosimetry may also provide a better estimate of transferred foliar residues which 

result in worker and general population exposures. Gloves collect surface residues 

transferred by direct physical contact with foliage during normal working and 

environmental conditions. The resulting residue can be considered “available foliar 

residue”. However, the relationship between glove residue and that on skin remains 

uncertain. Investigating pesticide transfer to gloves under controlled experimental 

conditions allows comparisons to be made with field harvester hand exposure 

assessments using gloves (Ross et al., 2008).    
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Pesticides and adjuvants  

Malathion and fenpropathrin have been extensively used in these pesticide exposure 

studies due to their widespread use on strawberries in California, and the related interest 

in harvester exposures. Malathion (an organophosphate) and fenpropathrin (a type II 

pyrethroid) belong to two major, distinctly different pesticide classes with varying 

physical and chemical properties as described in chapter 2. In this chapter, controlled 

field experiments have been performed and detailed to investigate malathion and 

fenpropathrin residue transfer from treated turf to glove dosimeters.  

 

Residue availability and subsequent transfer may be influenced by many factors 

including the use of other pesticides, solvents, adjuvants, oils, and spray equipment, 

which can alter various physical and chemical properties of the mixture and the pesticide 

being applied (Green, 2000). Of particular interest, adjuvants are substances present 

within a pesticide formulation or that are added to the tank mix to optimize pesticide 

delivery to plants, especially herbs. Adjuvants modify spray droplet formation, allow 

residue spreading on leaf surfaces ensuring maximum coverage, and promote retention 

efficiency (Stock and Briggs, 2000). Often used in combination with one another, 

adjuvants are classified as spreader stickers, wetters, penetrants and herbicide modifiers 

(Hazen, 2000). The physical and chemical properties of the different adjuvants may alter 

the interaction between foliar surfaces and residue transfer to insects, animals and 

humans. In order to examine how adjuvants may affect available foliar residues, two 

spreader stickers, Kinetic® and Activator 90 were selected for study based on their 



59 

 

 

availability, cost, use in the California strawberry industry and their active ingredient (AI) 

composition. As indicated on the label, Kinetic® is a nonionic wetting agent used to 

facilitate rapid spreading and absorption of pesticide sprays into the plant leaves and 

stems. Activator 90 is a low foaming, non-ionic type spreader which allows wetting, 

uniform distribution and reduces dispersion of spray by lowering surface tension of the 

spray droplets. Investigating the effect of adjuvants in the estimation of available foliar 

residues as a function of time has not been fully explored.  

 

To study the characteristics of rubber latex gloves as a direct dosimeter, the Brinkman 

Contact Transfer Unit (BCTU) was built and fitted with a set of three gloved mannequin 

hands (Figure 3-1; 3-2). The transfer and dissipation of turf residues was studied 

following treatment with malathion and fenpropathrin under controlled field conditions. 

The time-dependent accumulation of residues on the gloves was also evaluated during the 

natural dissipation of available foliar residues on turf. Two experiments were conducted 

to establish baseline results and to study operating conditions for residue transfer to 

rubber latex gloves. Once these were established, three additional studies were performed 

to investigate residue transfer from rubber latex gloves and cotton cloths in the presence 

of the selected adjuvants. For all studies, the turf surface residues obtained with the 

BCTU were compared with the surface residues measured using the CDFA roller which is 

the standard method for studying residue transfer from uniform surfaces and has been 

used in several human pesticide exposure studies (Ross et al., 1991).   
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MATERIALS AND METHODS 

Study system
a
 

Two tall fescue grass [Festuca arundinacea (Grass Family: Poaceae)] plots at the 

University of California, Riverside, Turf Grass Research Facility were utilized for the 

studies and were divided into two turf plots of approximately 250 m
2
 each (30 ft. x 90 ft.; 

9 m x 27 m). The two turf plots are illustrated in Figure 3-3. The turf was mowed to 

about 1.75” (44 mm). Neither mowing nor irrigation was performed during the course of 

these studies.  

 

Experimental Design  

Areas for back-and-forth runs of the BCTU and sequential CDFA roller sampling were 

identified using colored markers and flags.  Marked lanes (70 ft. x 3.75 ft. each; 21 m x 

1m) were used for sample runs with the BCTU. A run was considered as one-back and-

forth cycle. The area reserved for measurement of transferable turf residues was 

approximately 10 ft. x 30 ft. (3 m x 9 m).  

 

Pesticide spray application  

Malathion (Commercial label: Malathion 8 Aquamul) and Fenpropathrin (Commercial 

label: Danitol 2.4 EC) were simultaneously applied at a nominal rate of 2 lbs./A for each 

pesticide. A licensed pest control applicator loaded, mixed and applied the aqueous tank 

                                                        
a
 Studies 1-3 were performed by Terry Lopez and Gayatri Sankaran. Malathion data in the “Materials and 

methods” section of this dissertation have already been published by Ms. Terry Lopez in her Master’s 

thesis (University of California Riverside, Lopez 2011). Malathion and fenpropathrin data have been 

explained in detail in this chapter to allow comparison between the two pesticides.  
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mix at a rate of 57 gal/A (53 mL/m
2
) using a Raven Pro 94.5 L boom sprayer fitted with 

Tee Jet turbo nozzles at 30 psi (0.21 MPa). Recovery studies were performed using 

purified malathion (99.2%) and fenpropathrin (98%) standards (Chem Service, Inc., West 

Chester, PA).  

 

Measured source strength  

Before pesticide application, deposition cotton coupons (n=6, 100 cm
2
 surface area, 

secured to aluminum foil) were placed as illustrated in Figure 3-4. Pesticide residues 

were deposited on these coupons during application. The coupons were collected 2 hrs 

after pesticide application, placed in separate Ziploc® bags and stored at -20 ºC until 

analysis. The deposited residues were measured and reported as µg residue/cm
2
 cotton 

cloth.  

 

Brinkman Contact Transfer Unit (BCTU) 

A new sampling tool called the Brinkman Contact Transfer Unit (BCTU) was developed 

at the University of California, Riverside. The goal was to assess the transfer of surface 

pesticide residues to gloves as a function of contact time. A lawn mower chassis was 

modified to hold three mannequin hands (right-handed female mannequin hand-jewelry 

display D3; Mannequin Hub) fixed 4" from the ground. The hands were placed at a 15º 

angle with the turf surface to ensure that the hands touched the turf. This device was 

operated using a steel handle to position the hands, and had four wheels to allow mobility 

during sampling.  Rubber latex gloves (Rite Aid® Multipurpose-Purpose Sanitary Latex 
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Medical Powder Free Gloves) were used for residue collection and placed over each 

mannequin hand to sample the surface residues as the BCTU was pushed across the 

treated turf. Residue transfer to the attached gloves was studied with respect to the extent 

of contact, sampling time and elapsed time. Sample runs (1, 2, 3 or 4 cycles forward and 

back) were made using sets of rubber latex gloves in continuous contact with treated turf 

along specified sampling lanes. The back-and-forth runs in marked lanes on the turf were 

used as a surrogate for contact time. Pesticide glove residues were expressed in µg 

residue/glove. At the end of each sampling, the gloves were removed, placed in Ziploc® 

bags and stored at -20°C until analysis.   

 

California Department of Food and Agriculture (CDFA) Roller 

The CDFA roller has been used as the standardized, reproducible method of surrogate 

dermal monitoring to study human pesticide exposures to turf (Williams et al., 2003).  

The 30 lb. cylindrical device was rolled back-and-forth 20 times over a 1500 cm
2
 cotton 

cloth secured by a wooden frame and aluminum foil. This allowed sampling of 

transferable surface residues from the treated turf. The transfer and dissipation of 

malathion and fenpropathrin surface residues were measured utilizing cotton cloth as a 

residue collection device.  

 

Comparison of sampling techniques  

Available foliar residues were measured using the BCTU and rubber latex gloves were 

used to collect the pesticide glove residues. The CDFA Roller and cotton cloth were 
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employed to determine the transferable turf residues. For both measurements, residue 

dissipation was investigated as a function of sampling time. Whitmyre et al., 2004 have 

shown that organophosphates typically exhibit biphasic patterns of dissipation with 

clearly defined alpha and beta phases of residue decay curves. In these studies, foliar 

residue dissipation kinetics were classified using the methods described by Whitmyre et 

al., 2004 in which the R
2
 of ln pesticide glove residues vs. elapsed time was determined. 

Correlations with R
2
 < 0.85 were classified as exhibiting biphasic dissipation and those 

with R
2
 > 0.85 were considered to indicate exponential dissipation.  

 

Study characteristics  

As indicated, experiments were conducted at the Agricultural Operations site at 

University of California, Riverside. Study characteristics were modified based on the 

results and experience from earlier studies. Day 0 was the day of pesticide spray 

application when malathion and fenpropathrin were applied. The individual studies are 

detailed below:   

 

Study 1 - January 2011 and Study 2- February 2011 

BCTU runs (1, 2, 3 and 4) were performed using individual lanes as shown in Figure 3-5. 

Sampling took place on days 1, 3, 5, 7, 9, 11 and 13 after application of malathion and 

fenpropathrin and no adjuvant was applied. Four replicate cotton cloth samples were 

obtained using the CDFA roller.  
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Study 3 - March-April 2011   

BCTU runs (1, 2, 3 and 4) were performed using single lanes as shown in Figure 3-5. 

Sampling took place on days 1, 3, 5, 7, 9, 11 and 13 after pesticide application. Activator 

90 was applied (2 oz. /6.5 gallons) along with the pesticides. Four replicate cotton cloth 

samples were obtained using the CDFA roller. 

 

Study 4 - January 2012 

Kinetic® was applied at four different levels (0 oz., 12.8 oz., 22.4 oz. and 32 oz./100 

gallon) at assigned turf sites of three lanes each, to allow convenient sampling as shown 

in Figure 3-6. Each application covered 25% of the available turf area. One BCTU glove 

sampling was performed with 3 sample runs over the same lane, and triplicate glove 

samples were collected for each of the four different applications. One cotton cloth 

sample was obtained for each application using the CDFA roller sampling. Sampling 

occurred on 1, 3, 5, 7, 9, 11 and 13 days after pesticide application (Figure 3-6).  

 

Study 5 - February 2012 

Activator 90 (64 oz. /100 gallon), Kinetic® (64 oz. /100 gallon) and control (no adjuvant) 

were applied separately with malathion and fenpropathrin. 64 oz./100 gallon is the 

maximum label rate of application for both Activator 90 and Kinetic®. Each application 

covered 33% of the available turf area as shown in Figure 3-7. One BCTU glove 

sampling was performed with 2 sample runs over the same lane, and triplicate glove 

samples were collected for each of the three different applications. Using the CDFA 
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roller, one cotton cloth sample was obtained for each adjuvant application and two 

samples were obtained for the control application. Sampling occurred 1, 4, 7 and 10 days 

after pesticide application. 

 

Residue extraction  

Rubber latex gloves   

Recovery studies were performed with clean, unused rubber latex gloves. Blank samples 

included a clean pair of rubber latex gloves and were spiked with ethyl acetate. Low, 

medium and high concentrations of malathion and fenpropathrin in ethyl acetate were 

spiked within quart-sized Ziploc® bags. These bags were left open for 1-2 hrs to allow 

the samples to dry and then they were stored in a -20 °C freezer for 24 hrs prior to being 

extracted.  

 

Rubber latex gloves were cut with scissors (about 2–4 cm
2
 pieces) before being double-

bagged in Ziploc® bags and vigorously extracted in the bags (Eberbach shaker at high 

frequency for 20 min) with 150 mL ethyl acetate. The volume was reduced to ~2–10 mL 

using a rotary evaporator. The remaining solvent was air-dried using the nitrogen 

evaporator. The samples were then re-suspended in 1-5 mL ethyl acetate, and 1 µL 

aliquots were analyzed on GC-FPD and GC-ECD for malathion and fenpropathrin 

residues, respectively. Performance criteria have been previously reported in Li et al., 

2011.    
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Cotton cloth dosimeters  

Recovery studies for the extraction method and residue analysis were performed with 

clean cotton cloth dosimeters (1500 cm
2
). Cotton cloths were spiked with low, medium 

and high levels of liquid concentrations of malathion and fenpropathrin. A blank cotton 

cloth was also included and was spiked with ethyl acetate. After the cloths were air-dried 

(30 min to 1 h), they were placed in labeled quart-sized freezer Ziploc® bags and stored 

in a freezer at -20ºC for 24 h prior to extraction. The cotton cloths were extracted with 

300 mL ethyl acetate using a Soxhlet apparatus and refluxed for 6 hrs. The total extract 

was transferred to a round bottom flask, and the volume reduced to 3-5 mL on a Büchi 

rotary evaporator. The remaining volume was air-dried using a nitrogen evaporator. The 

samples were re-suspended in 1-5 mL ethyl acetate, and 1 µL aliquots were analyzed on 

GC-FPD and GC-ECD for malathion and fenpropathrin residues, respectively.   

 

Polyethylene bags  

Residue recoveries were also performed on the quart-sized freezer Ziploc® bags. The aim 

was to check if any pesticide residues were absorbed by the linear low-density 

polyethylene (LLDPE) bags. Low, medium and high concentrations of malathion and 

fenpropathrin in solvent were spiked inside the bag and allowed to dry for 30 min – 1 hr. 

A blank bag was also included and was spiked with ethyl acetate. These bags were stored 

in –20 ºC freezer for 24 hrs and extracted using the same procedure used for residue 

recovery from rubber latex gloves.  
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Residue analysis  

Glove extracts were analyzed on a Hewlett-Packard 5890 GC equipped with a 30 m x 

0.32 mm x 0.25 µm film fused silica column and with either flame photometric (FPD) or 

electron capture (ECD) detectors. Helium (2 mL/min) was used as the carrier gas. The 

temperature program used for the malathion analysis was: 50°C for 1 min, then ramped 

up at 20°C/min to 300°C where it was held for 3 min. Chromatograms for malathion 

were integrated by peak area using the GC-FPD. The temperature program used for 

fenpropathrin analysis was: 100°C for 1 min, then ramped up at 20°C/min to 230°C, and 

then increased at 5°C/min to 300°C and held at this temperature for 1 min. 

Chromatograms were integrated by peak area using the GC-ECD.  

 

Statistical analysis 

Sample concentrations, arithmetic means and standard deviations were calculated in 

Microsoft Excel v 2007. Statistical comparisons were calculated using Statistical 

Analysis Software v.9.1 (SAS
®
) and Minitab v 16.1 Statistical Software for all results.  

 

RESULTS AND DISCUSSION
a
 

Estimation of available foliar residues   

To characterize available foliar residues sampled as pesticide glove residues using the 

BCTU, malathion and fenpropathrin were applied on turf, a relatively uniform foliar 

                                                        
a
 Studies 1-3 were performed by Terry Lopez and Gayatri Sankaran. Malathion data in the “Results and 

discussion” section of this dissertation have already been published by Ms. Terry Lopez in her Master’s 

thesis (University of California Riverside, Lopez 2011). Malathion and fenpropathrin data have been 

explained in detail in this chapter to allow comparison between the two pesticides. 
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surface. The dissipation of the pesticide glove residues over time was measured and also 

compared with the transferable turf residues sampled using the CDFA roller. Both types 

of residue measurements were collected from five independent studies and are detailed 

below:  

 

Studies 1-2: Residue transfer to glove dosimeters under normal conditions  

Two studies were performed to investigate the transfer, accumulation and dissipation of 

malathion and fenpropathrin residues from treated foliage to gloves and cotton cloth 

dosimeters to establish a baseline of results and standard operating conditions.  

 

Pesticide glove residues  

As shown in Figure 3-8 and Table 3-1, rubber latex gloves accumulated malathion 

residues as a function of the number of runs up to 3 runs using the BCTU. Similarly, as 

shown in Figure 3-9, fenpropathrin residues accumulated with the number of runs (up to 

3).  Interestingly, no increases were seen in malathion and fenpropathrin glove residues 

with the 4
th 

sample run even though under some field conditions gloves have been 

reported to retain up to 20 mg/pair of residues (Li et al., 2011). In our studies, only a 

portion (32%) of the mannequin hand of the BCTU was in contact with the turf, so a 

reduced recovery would be expected (Lopez, 2011). The lower apparent rate of residue 

accumulation during the 4
th

 sample run was most likely due to a re-transfer of glove 

residues back to the turf with repeated contact. 
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The malathion residues for each series of samples were seen to dissipate in a biphasic 

manner with time (R
2 

= 0.82). For example, during the 3 run series, malathion residues 

decreased by 99% from 233 µg/glove on study day 1 to 1.3 µg/glove on study day 13. 

Similarly during the 3 run series, fenpropathrin pesticide glove residues dissipated in a 

biphasic manner (R
2
=0.64) and declined from 92 µg/glove on study day 1 to 9.2 µg/glove 

on day 13, a 90 % decrease (Table 3-2).  

 

Transferable turf residues  

As shown in Figure 3-10A, malathion residues were also recovered by transfer to cotton 

cloths and sampled as malathion transferable turf residues using the CDFA roller. 

Similarly, studies with fenpropathrin also showed that its fenpropathrin transferable turf 

residues decreased in a biphasic pattern (R
2
=0.72) during the 13 d study period.  

 

Malathion transferable turf residues dissipated in a biphasic manner with time (R
2 

= 0.77) 

with malathion residues decreasing by 97% from 0.073 µg/cm
2
 on study day 1 to 0.002 

µg/cm
2 

on study day 13 (Figure 3-10B). Fenpropathrin residues decreased from 0.06 

µg/cm
2
 on study day 1 to 0.004 µg/cm

2
 on day 13, a 93% decrease (Table 3-3).  

 

Possible influence of physical - chemical properties on pesticide transfer rates and 

dissipation behavior  

Malathion and fenpropathrin residues behaved somewhat differently during residue 

transfer from foliar surfaces to gloves and to cotton cloth dosimeters. For example, 
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during the 3 run sample series, fenpropathrin glove residues were transferred at an 

average rate substantially lower (61%) than seen with the malathion glove residues on 

study day 1. The low log Kow of 2.36 for malathion indicates that it has a relatively high 

water solubility and a lower sorption to leaf surfaces. This may explain greater amounts 

of malathion residue that were transferred from the treated foliar surfaces to the gloves of 

the BTCU.  

 

Both malathion and fenpropathrin residues decayed in a biphasic manner with time. 

However, fenpropathrin glove residues (t1/2= 4.5 d) decreased slower than malathion 

(t1/2= 1.6 d) over the 13 d study period. Since fenpropathrin has a high log Kow of 6.0, 

fenpropathrin residues are more lipophilic attaching to foliar surfaces more tightly and 

therefore are likely to transfer to gloves at lower rates. Another contributing reason for 

the difference in half-lives could be the slightly higher vapor pressure of malathion 

suggesting that it would evaporate at a faster rate than fenpropathrin.  These studies 

indicate that the physical transfer of pesticides to gloves is highly influenced by the 

physical-chemical characteristics of the pesticide.  

 

Study 3: Residue transfer to glove dosimeters in the presence of Activator 90  

The goal of this study was to examine the transfer of pesticide residues from foliage to 

gloves and cotton cloths and their dissipation pattern with time in the presence of the 

spreader-sticker, Activator 90. We investigated the transfer, accumulation and dissipation 

of malathion and fenpropathrin residues to sampling dosimeters.  
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Pesticide glove residues  

Similar to the results seen in studies 1-2, rubber latex gloves accumulated malathion and 

fenpropathrin residues as a function of the number of runs up to 3 runs using the BCTU 

(Figure 3-11A, and 3-11B and Tables 3-4, 3-5). The malathion residues dissipated in a 

biphasic manner with time (R
2 

= 0.56). For example, during the 3 sample run, malathion 

residues decreased by 93% from 85 µg/glove on study day 1 to 6.0 µg/glove on study day 

13. Similarly, during the 3 sample run, fenpropathrin pesticide glove residues also 

dissipated in a biphasic manner (R
2
=0.60) and decayed from 53 µg/glove on study day 1 

to 3 µg/glove on day 13, a 94% decrease.  

 

In addition, the BCTU was used to calculate the effect of four sequential single sampling 

runs on the accumulation of available surface residues from the same lane of treated turf. 

As shown in Figures 3-12 and 3-13, the residues generally decreased with each of the 

four runs within the first sampling period but not during the subsequent periods. For 

example, on study day 1, malathion residues accumulated on glove dosimeters ranged 

from 20.9 µg/glove during the first sample run to 10.0 µg/glove on the fourth sample run. 

Similarly, on study day 1, fenpropathrin residues accumulated on glove dosimeters 

ranged from17.5 µg/glove with the first sample run to 14.2 µg/glove to the fourth sample 

run. These results indicate that similar but decreasing amounts of residue were transferred 

from turf to gloves on the 1
st
 day but then stabilized so that similar amounts were 

transferred for each run on days 3 and 5 (Table 3-6 and Table 3-7). Essentially, similar 

amounts were transferred from turf to glove dosimeters. So the results from this study 
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were useful for conducting sample runs within one lane rather than using multiple lanes 

as used earlier in studies 1-3. Hence, sampling lanes were reused for multiple BCTU runs 

in studies 4-5.   

 

Comparison with studies 1-2  

As previously observed in studies 1-2, the recovered fenpropathrin glove residues were 

lower than the malathion glove residues on each study day. Fenpropathrin glove residues 

sampled with 3 runs were 37% lower than similarly sampled malathion residues on study 

day 1. The presence of Activator 90 appeared to affect residue transfer from turf to 

gloves. Residue levels at each sampling day were lower than residue levels reported 

under similar conditions in studies 1-2 where no adjuvant was simultaneously applied. 

For example, fenpropathrin glove residues in study 3 in the presence of Activator 90 were 

42% lower than those seen in studies 1-2. 

 

Transferable Turf Residues  

As shown in Figure 3-14A, malathion residues were transferred to cotton cloths and 

sampled as transferable turf residues using the CDFA roller. Similar residue transfer was 

seen with fenpropathrin (Figure 3-14B).  On each study day, the recovered transferable 

turf residues were lower when there was no adjuvant in the tank mix. For example, 

fenpropathrin transferable turf residues in study 3 were 75%
 
lower than the levels 

recovered in studies 1-2.  
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As shown in Table 3-8, in the presence of Activator 90, malathion transferable turf 

residues dissipated in an exponential manner with time (R
2 

= 0.92) decreasing by 94% 

from 0.053 µg/cm
2
 on study day 1 to 0.0031 µg/cm

2 
on study day 13. In the same study, 

fenpropathrin transferable turf residues decreased in a biphasic pattern (R
2
=0.72). 

Fenpropathrin residues decreased from 0.015 µg/cm
2
 on study day 1 to 0.0001 µg/cm

2
 on 

day 13, a 99% decrease (Table 3-9).  

 

Transferable turf residues were also collected within sampling lanes, after regular glove 

sampling using the BCTU was performed. Our interest was to determine whether 

residues were removed entirely from turf surfaces during regular glove sampling using 

the BCTU. Interestingly, the collected residue levels were not significantly different from 

the transferable turf residues sampled in the assigned CDFA roller sampling area (2-

sample t-test; p-value > 0.05). This indicates similar amounts of available foliar residues 

transferred to cotton cloth dosimeters even when measurements were performed on 

sampling lanes following regular glove sampling.  

 

Study 4: Residue transfer to glove dosimeters at varying applications of Kinetic®  

The transfer of residues to gloves/cotton cloth and dissipation pattern with time was next 

studied using varying levels of the Kinetic® adjuvant (0, 12.8, 22.4, 32 oz. /100 gallon). 

Concurrent transfer, accumulation, and dissipation were measured using the BCTU and 

CDFA roller for four application levels.  
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Pesticide glove residues  

As shown in Tables 3-10 and 3-11, rubber latex gloves accumulated less malathion and 

fenpropathrin residues with the 32 oz./100 gallon Kinetic ® applications in comparison to 

the control applications. On study day 1, when Kinetic® was applied at 32 oz./100 

gallon, malathion and fenpropathrin glove residue levels were reduced by 55% and 16%, 

respectively, when compared to the no-adjuvant control. Interestingly, no increase or 

decrease in malathion or fenpropathrin glove residues was seen with the 12.8 oz./100 

gallon and 22.4 oz./100 gallon treatments. This may be related to the levels of Kinetic
®

 

that were applied which were less than half of the maximum label rate (paired t-tests; p-

value > 0.05).  As shown in Figure 3-15A in the presence of Kinetic
®
, malathion residues 

were interestingly seen to dissipate in a both exponential and biphasic manner with time 

dependent on the amount of adjuvant applied. As shown in Figure 3-15B, fenpropathrin 

pesticide glove residues dissipated in a biphasic manner at all four application levels.  

 

It was advantageous to compare and contrast residue transfer to gloves in the presence of 

different adjuvant levels at the same time to avoid any differences in environmental 

conditions. In addition, the turf area available for sampling was limited (5400 ft
2
), and at 

least three replicates/treatment were required for successful comparisons. As a result, 

sampling for study 4 was performed with the 3 run series which was at the end of the 

linear range of residue accumulation on gloves. Based on these observations, a 2 

sampling run series were performed in study 5 to allow successful comparisons of residue 

accumulation under different adjuvant conditions conducted simultaneously.   
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Transferable turf residues  

As shown in Table 3-12, malathion and fenpropathrin residues were transferred at varying 

levels to cotton cloths at different Kinetic® application levels. On study day 1, the 

control transferable turf residues measured were unusually low, indicating likely errors in 

sampling.  As a result, these were not considered in the statistical analyses or half-life 

calculations. Comparisons were made on the results from study days 3, 5, 7 and 

significant differences (paired t-test; p-value < 0.05) were observed between 

fenpropathrin transferable turf residues in the control treatment and those measured at 32 

oz./100 gallon Kinetic® concentrations. No other significant differences were observed 

between any of the Kinetic® applications.  

 

Malathion transferable turf residues dissipated in a biphasic manner with time (R
2
=0.82) 

as illustrated in Figure 3-16A. For example, malathion residues decreased by 99% from 

0.07 µg/cm
2
 on study day 1 to 0.0005 µg/cm

2 
on study day 13 at the 32 oz. /100 gallon 

Kinetic
®
 application. Similarly, as shown in Figure 3-16B, fenpropathrin transferable turf 

residues decreased in a biphasic pattern during the 13 d study period. In the 32 oz. /100 

gallon Kinetic
®
 application, fenpropathrin residues dissipated in a biphasic manner 

(R
2
=0.67) and decayed from 0.118 µg/cm

2
 on study day 1 to 0.02 µg/cm

2
 on day 13, an 

83% decrease. 
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Study 5: Residue transfer to glove dosimeters in the presence of two adjuvants 

(Kinetic
®
 and Activator 90)  

The transfer of residues to gloves or cotton cloth and the dissipation patterns with time 

were studied using the maximum application level of Kinetic
®
 and Activator 90 along 

with a simultaneous control application. Concurrent transfer, accumulation and 

dissipation were measured using the BCTU and CDFA roller methods for all three 

application levels.  

 

Pesticide glove residues  

As shown in Table 3-13 and Table 3-14, rubber latex gloves accumulated less malathion 

and fenpropathrin residues with Kinetic
®
 adjuvant in comparison to the control 

application. For example, on study day 1, malathion pesticide glove residues did not 

differ with the use of Activator 90 but were reduced by 71% when Kinetic
®
 was added in 

the tank mix. Similarly, fenpropathrin pesticide glove residues reduced by 36% with 

Activator 90 and 57% with Kinetic® in tank mix. Significant differences were seen 

between malathion glove residues sampled with the control and Kinetic® treatments; and 

between fenpropathrin glove residues sampled under control and Kinetic® treatments as 

well as with control and Activator 90 treatments in pairwise comparisons. As shown in 

Figure 3-17, malathion (R
2
=0.84) and fenpropathrin (R

2
=0.75) residues were seen to 

dissipate in a biphasic manner with time.  
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Transferable Turf Residues  

Transferable turf residues were measured following three different malathion and 

fenpropathrin spray mix applications: control, Activator 90 (64 oz. /100 gallon) and 

Kinetic® (64 oz./100 gallon). On study day 1, malathion transferable turf residues were 

not different between control and Activator 90 but were reduced by 76% in the presence 

of Kinetic® in the tank mix. When compared to the control residue levels, fenpropathrin 

transferable turf residues were reduced by 55% with Kinetic® (Table 3-15) but were not 

significantly changed with Activator 90. As shown in Figure 3-18, pooled malathion 

(R
2
=0.83) and fenpropathrin (R

2
=0.82) transferable turf residues dissipated in a biphasic 

manner with time.  

 

Measurement of deposited pesticide residues on turf during pesticide application 

Deposition cotton coupons, collected 2 hrs after pesticide application, were used to 

evaluate the source strength of residues deposited on the turf (Table 3-16). In study 2, the 

average deposited residues for malathion and fenpropathrin were 9.7 µg/cm
2
 and 3.3 

µg/cm
2
 respectively. On study day 1, pesticide glove residues were only up to 8% 

(malathion) and 10% (fenpropathrin) of the deposited residues, indicating that only a 

small percentage was actually transferred from turf to the rubber latex gloves. Similarly, 

transferable turf residues on day 1 were only 1% (malathion) and 2% (fenpropathrin) of 

the residue present on the deposition coupons. The availability of surface residue declined 

rapidly by day 5 with less than 0.3% and 2% of malathion and fenpropathrin turf residues 

recovered and transferred to gloves. By study day 5, less than 0.1% of malathion and 
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0.6% of fenpropathrin turf residues were recovered and transferred to cotton cloths. This 

indicates that only a small part of applied pesticide residues were transferred to sampling 

dosimeters i.e. gloves and cotton cloths only estimate transferred residue and only 

remove a portion of the residue from turf surfaces. Similar results were observed with 

study 3.  

 

Recovery studies  

Quality assurance was addressed by determining the recovery and stability of malathion 

and fenpropathrin (Table 3-17). The recoveries from cotton cloths and rubber latex gloves 

were generally within the expected range of 70%-120% of the standard concentrations. 

The exceptions were malathion recoveries from spiked rubber latex gloves (129%) and 

cotton cloth (123.7% and 153.9%). The reason for these higher recoveries is unknown 

and may represent the errors that may have occurred during spiking of the gloves/cotton 

cloth with standards. The residue recovery from Ziploc® bags was within the expected 

range and therefore supports the use of these bags for sampling.  

 

BCTU operation and the measurement of transferable foliar residues  

When the BCTU was used to sample pesticide glove residues, its construction and 

operation influenced residue transfer to glove dosimeters. Three key factors were the 

glove position within the BCTU, the weight of mannequin hands and the extent of the 

hand contact with the turf. The masses of the mannequin hands at rest were similar; 260 

(Hand A), 280 (Hand B), and 240 g (Hand C), respectively. Previous studies by Lopez, 
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2011 showed that pesticide glove residues from Hand B with the highest surface contact 

were significantly higher than pesticide glove residues from the other hands (p-value < 

0.05).  This may be explained by two weights (2 lb. each) that were added on either side 

of Hand B to keep the three hands secure but which resulted in increased pressure on 

Hand B. The mannequin hands were about the same size as the average human hand (420 

cm
2
). Although each mannequin hand on the BCTU could be considered a separate 

sampling unit, pesticide glove residues data are also presented as means of Hands A, B, 

and C to simplify statistical analysis.  

 

Effects of adjuvants on residue availability and subsequent transfer 

Kinetic® and Activator 90 belong to the sub class of adjuvants known as spreader 

stickers. These were selected for our studies in order to investigate how they would affect 

residue availability and the subsequent transfer from foliar surfaces. Our results indicate 

that both adjuvants significantly reduce residue availability from treated surfaces when 

used at the maximum application levels. However, the overall dissipation patterns and 

half-lives did not significantly differ between the adjuvant and control applications. 

These are initial studies and more research needs to be performed in order to make a 

definitive conclusion on the effect of adjuvants on the contact transfer of surface residues 

and on the resulting exposure potential to humans.  
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Influence of environmental factors  

The contributions of environmental factors such as temperature, rainfall and moisture 

resulting from the morning dew were also studied. Moisture can affect the availability 

and dissipation of surface residues. Earlier field observations during strawberry 

harvesting and supporting experimental studies have indicated that morning dew can 

increase available surface residues (Williams et al., 2004, Zhang, 2005). In study 3, 

pesticide glove residues were greater than expected and this was likely due to a fog event 

that lightly wetted the turf resulting in residue increases of > 45% for malathion and 

fenpropathrin from study day 3 to study day 5 during the 3 sample run series. It has been 

previously reported that high humidity has a positive effect on pesticide transfer from 

foliage to cloth monitors and our current observations support this conclusion (Zweig et 

al., 1985). It should be noted that moisture increases chemical transferability from other 

surfaces such as a nylon carpet (Williams et al., 2005).   

 

In the reported studies, ambient ground temperatures for turf were considered moderate 

(average: 52 °F). However, one study was terminated when ground temperatures reached 

66°F – 70°F for an extended period. In this study, fenpropathrin residue transfer was 

studied in the presence of Narrow range oils in the tank mix (UC IPM, 2009). 

Fenpropathrin glove residues decreased by 75% below residue levels measured under 

normal conditions (data not shown). Elevated sampling temperatures also seemed to 

influence the lower residue levels transferred from turf to rubber latex gloves. Since 
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ground temperatures can exceed 65°F, the reliable and reproducible operation of the 

BCTU may be limited under extreme weather conditions. 

 

Comparison of BCTU glove sampling with the standard CDFA roller sampling  

Available foliar residues sampled using the BCTU were compared with those sampled 

using the CDFA roller. Pooled results from all studies were used to calculate the overall 

half-lives of residues sampled using both techniques. Over the course of 13 days, the 

pooled biphasic dissipation of malathion (R
2
=0.76) and fenpropathrin pesticide glove 

residues (R
2
=0.55) was observed under normal conditions with corresponding half-lives 

of 1.4 d and 3.9 d respectively. Similarly, combined biphasic dissipation of malathion 

(R
2
=0.86) and fenpropathrin transferable turf residues (R

2
=0.67) was observed under 

normal conditions with corresponding half-lives of 1.7 d and 3.0 d respectively.  These 

results show that residues declined at similar rates when sampled using either method.  

 

Pesticide glove residues dissipated with time and fenpropathrin residues appeared to be 

more stable by the end of 2 weeks (5-20 µg/glove) than malathion residues which 

decayed to low levels (1 µg/glove). When plotting pesticide glove residues (µg/glove) 

was plotted as a function of transferable turf residues (µg/cm
2
), high Pearson’s correlation 

coefficients (R) for malathion and fenpropathrin were seen for all studies on all study 

days. The correlation coefficient was 0.93 for malathion and 0.87 for fenpropathrin. This 

strongly supports the use of glove sampling using the BCTU on turf, as well as the use of 
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gloves as a sampling dosimeter in general. Further investigations with harvesters wearing 

gloves in the field have been detailed in chapter 4.  

 

CONCLUSIONS  

Contact with surface pesticide residues on turf and foliage as well as in indoor settings is 

a concern since it may result in human exposures. The main goal of these studies was to 

evaluate pesticide exposures to humans from treated turf. Our studies have shown that 

rubber latex gloves can be a valuable sampling dosimeter in exposure assessment. The 

important characteristics of sampling dosimeters such as transfer of surface residues to 

rubber latex gloves from treated turf, residue accumulation with contact time and residue 

dissipation with elapsed time since pesticide application were studied. We studied surface 

residue transfer from turf surfaces treated with pesticides to glove dosimeters under 

controlled, experimental conditions. When adjuvants such as Activator 90 and Kinetic ® 

were applied at maximum label rates, the transfer to glove dosimeters was significantly 

reduced.  

 

As shown in the various studies, the BCTU is a novel sampling device, developed at the 

University of California, Riverside that can be used to investigate potential hand 

exposures using gloved mannequin hands on treated turf so that the use of human 

subjects is not necessary. The operation involved the continuous contact of the BCTU 

mannequin hands with a relatively even turf foliar surface for a short period of time (total 

sampling time ≈ 10 mins/sampling day). Our studies have shown that applications of 
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malathion and fenpropathrin on turf can measure residue accumulation on gloves and the 

subsequent biphasic decline of residues with time. However, the potential exposure could 

not be calculated in our studies due to the lack of a time-dependent transfer factor as well 

as relevant biomonitoring studies.  

 

A primary limitation for using the BCTU for estimating available surface residues using 

rubber latex gloves was the inability to sample for extended periods of time, thus limiting 

glove contact with treated foliage. While these studies were performed outside, turf may 

serve as a model for indoor environmental sampling like carpets, wooden floors and tiles. 

Residue sampling of available foliar residues using the BCTU on treated turf was 

compared to the validated CDFA roller sampling using cotton cloth sampling dosimeters 

and a high correlation between transferable turf residues and pesticide glove residues was 

seen for malathion (R=0.93) and fenpropathrin (R=0.87). Our results demonstrate the 

usefulness of using the BCTU to measure pesticide residues, their transfer and their 

dissipation with time.  
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Table 3-1: Transfer of malathion pesticide glove residues (µg/glove) by hand location 

and number of runs with time (studies 1-2) 

Study 

day 
Hand 

Number of runs  

1 2 3 4 

1 

A 57.7 + 23.7 103.0 + 51.4 168.5 + 8.4 203.5 +2.7 

B 100.9 + 4.4 182.7 + 39.4 352.9 + 63.1 268.0  + 1.6 

C 55.6 + 12.5 97.7 + 42.6 178.5 + 31.6 162.5 + 47.3 

  
70.76 + 26.3 

(0.37) 

127.8 + 54.9 

(0.43) 

233.29 + 98.02 

(0.42) 

211.3 + 52.08 

(0.25) 

3 

A 25.1 + 1.3 47.8 + 5.9 73.2 + 4.8 106.6 + 64.7 

B 33.7 + 10.5 62.7 + 18.9 130.2 + 35.5 123.7 + 21.4 

C 19.1 + 6.0 33.8 + 13.5 48.3 + 6.7 68.3 + 19.2 

  
25.99 + 8.5 

(0.32) 

48.09 + 16.8  

(0.35) 

83.91 + 40.95 

(0.49) 

99.52 + 40.6 

(0.41) 

5 

A 15.3 + 3.0 17.0 + 2.4 25.4 + 7.1 22.5 + 1.7 

B 16.5 + 1.5 18.8 + 2.2 38.0 + 22.3 31.8 + 9.5 

C 13.3 + 4.4 14.7 + 4.9 23.1 + 6.5 27.5 + 13.8 

  
15.02 + 2.87 

(0.19) 

16.8 + 3.19 

(0.19) 

28.8 + 13.04 

(0.45) 

27.3 + 8.63 

(0.32) 

7 

A 13.8 + 6.1 14.9 + 7.3 21.3 + 14.0 17.9 + 9.2 

B 13.9 + 6.4 15.1 + 7.3 22.5 + 16.9 19.8 + 11.9 

C 12.7 + 5.1 13.6 + 5.8 14.5 + 6.3 15.9 + 8.3 

  
13.49 + 4.6 

(0.34) 

14.49 + 5.3 

(0.37) 

19.4 + 10.9 

(0.56) 

17.9 + 7.9 

(0.44) 

9 

A 3.4 +1.7 10.1 + 11.2 17.4 + 21.4 12.6 + 14.3 

B 9.9 + 10.9 12.0 + 13.7 22.3 + 28 16.9 + 20.8 

C 8.2 + 8.6 9.3 + 10.0 13.3 + 15.7 11.3 + 12.7 

  
7.2 + 6.9 

(0.97) 

10.4 + 9.1 

(0.88) 

17.7 + 17.7 

(1.00) 

13.6 + 12.9 

(0.95) 
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Table 3-1 (continued): Transfer of malathion pesticide glove residues (µg/glove) by 

hand location and number of runs with time (studies 1-2) 

 

 

1) Pesticide Glove Residues were sampled using the BCTU on treated turf. A single 

latex glove was sampled from each mannequin hand labeled (A, B, C) to identify 

their position within the chassis of the modified lawn mower. Samples were collected 

after each sampling run and malathion residues were analyzed using the GC-FPD. 

2) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation; CV) for each study day and sampling runs (1-4) (shown in 

bold). Coefficient of variation =standard deviation/arithmetic mean.  

 

 

Study 

day 
Hand 

Number of runs 

1 2 3 4 

11 

A 1.2 + 0.6 1.1 + 0.8 1.5 + 0.3 1.3 + 0.6 

B 1 + 0.8 1.1 + 0.7 1.8 + 0.1 1.7 + 0.1 

C 1 + 0.8 1.1 + 0.7 1.1 + 0.7 1.1 + 0.8 

  
1.1 + 0.6 

(0.55) 

1.1 + 0.6 

(0.51) 

1.5 + 0.5 

(0.31) 

1.4 + 0.5 

(0.39) 

13 

A 1.2 + 1.4 1.4 + 1.1 1.6 + 1.0 1.4 + 1.2 

B 1.2 + 1.3 1.4 + 1.2 1.5 + 1.1 1.2 + 1.3 

C 1.1 + 1.4 1.2 + 1.2 1.1 + 113.1 1.3 + 1.1 

  
1.2 + 1.1 

(0.93) 

1.3 + 0.9 

(0.69) 

1.3 + 0.9 

(0.63) 

1.3 + 0.9 

(0.71) 
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Table 3-2: Transfer of fenpropathrin pesticide glove residues (µg/glove) by hand 

location and number of runs with time (studies 1-2) 

 

 

 

 

 

Study day Hand 
Number of run 

1 2 3 4 

1 

A 18.0 + 8.3 36.1 + 22.5 57.2 + 19.3 64.5 + 3.2 

B 37.5 + 0.8 69.4 + 23.2 140.8 + 6.6 115.9 + 12.1 

C 21.1 + 1.5 37.2 + 21.2   78.1 + 39.1   67.9 + 31.8   

  
25.5 + 10.1 

(0.37) 

47.6 + 24.2 

(0.51) 

92.1 + 43.6 

(0.47) 

82.8 + 29.9 

(0.36) 

3 

 

A 9.4 + 1.6 18.3 + 4.5 32.8 + 0.6 49.5 + 26.9 

B 12.2 + 1.4   30.5 + 12.9 51.1 + 1.5 65.3 + 9.1 

C 7.6 + 1.7 12.3 + 8.1 25.1 + 12.3   48.3 + 26.9   

  
9.7 + 2.4 

(0.29) 

20.4 + 10.9 

(0.57) 

36.3 + 13.2 

(0.36) 

54.4 + 19.5 

(0.36) 

5 

A 7.4 + 2.1 10.8 + 1.2   16.4 + 2.7 18.4 + 1.4 

B 11.3 + 4.4 14.3 + 2.0 33.8 + 19.8   34.9 + 13.4 

C 5.7 + 0.5 8.6 + 2.7   18 + 7.3 15.8 + 10.0 

  
8.1 + 3.4 

(0.41) 

11.2 +3.0 

(0.27) 

22.7 + 12.9 

(0.57) 

23.0 + 11.9 

(0.52) 

7 

A 10.5 + 6.4 11.7 + 4.5 28.9 + 6.1 27.9 + 4.0 

B 14.6 + 4.1 20.6 + 1.1 29.8 + 18.9 43.9 + 4.8 

C 5.8 + 2.0 16.5 + 2.9 17.9 + 3.6 19.8 + 11.9 

  
10.3 + 5.2 

(0.51) 

16.2 + 4.7 

(0.29) 

25.6 + 10.8 

(0.42) 

30.5 + 12.5 

(0.41) 

9 

A 5.5 + 2.8 7.4 + 4.2 16.1 + 3.2 20 + 0.1 

B 6.6 + 3.4 11.2 + 4.1 17.1 + 9.3 25.3 + 12.9 

C 4.7 + 3.3 9.3 + 2.3 16.5 + 5.4 21.6 + 9.9 

  
5.6 + 2.6 

(0.46) 

9.3 + 3.3 

(0.35) 

16.6 + 5.1 

(0.31) 

22.3 + 7.7 

(0.34) 
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Table 3-2 (continued): Transfer of fenpropathrin pesticide glove residues (µg/glove) 

by hand location and number of runs with time (studies 1-2)  

 

1) Pesticide Glove Residues were sampled using the BCTU on treated turf. A single 

latex glove was sampled from each mannequin hand labeled (A, B, C) to identify 

their position within the chassis of the modified lawn mower. Samples were collected 

after each sampling run and fenpropathrin residues were analyzed using the GC-ECD. 

2) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day and sampling runs (1-4) (shown in bold).  

 

 

 

Study day Hand 
Number of runs 

1 2 3 4 

11 

A 6.5 + 5.5 12.5 + 13.9 16.3 + 10.4 10.8 + 3.6 

B 7.9 + 6.9 15.5 + 13.9 17.8 + 6.9 17.1 + 9.4 

C 5.1 + 3.5 9.7 + 9.0 10.1 + 4.8 10.9 + 6.6 

  
6.5 + 4.4 

(0.68) 

12.5 + 10.0 

(0.80) 

14.7 + 7.0 

(0.48) 

12.9 + 6.3 

(0.49) 

13 

A 3.2 + 1.5 4.2 + 3.1 13.6 + 10.6 5.7 + 7.4 

B 5 + 2.0 6.1 + 0.6 8.1 + 0.9 10.1 + 10.9 

C 4.5 + 0.05 3.8 + 2.2 5.8 + 2.0 6.9 + 2.3 

  
4.2 + 1.4 

(0.32) 

4.7 + 2.0 

(0.44) 

9.2 + 6.0 

(0.66) 

7.6 + 6.3 

(0.83) 
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Table 3-3: Malathion and fenpropathrin transferable turf residues (µg/cm
2
) 

dissipated with time (studies 1-2)  

 

Study day 
Malathion Fenpropathrin 

Study 1 Study 2 Study 1 Study 2 

1 

0.069 0.066 0.059 0.035 

0.071 0.077 0.0647 0.038 

0.05 0.161 0.054 0.075 

0.072 0.019 0.051 0.099 

0.073 + 0.040 (0.55) 0.059 +  0.02 (0.35) 

3 

0.101 0.034 0.0533 0.0071 

0.124 0.056 0.0475 0.0416 

0.071 0.053 0.0316 0.076 

0.088 0.041 0.053 0.0075 

0.071 + 0.03 (0.44) 0.0397 + 0.02 (0.60) 

5 

0.026 0.0076 0.0197 0.024 

0.024 0.0074 0.0237 0.024 

0.018 0.0093 0.0215 0.034 

0.029 0.0058 0.0295 0.021 

0.015 + 0.009 (0.60) 0.0247 +  0.02 (0.19) 

7 

0.014 0.005 0.0073 0.016 

0.013 0.006 0.0068 0.026 

0.02 0.0053 0.019 0.023 

0.02 0.0054 0.0103 0.02 

0.011 + 0.007 (0.59) 0.016 +  0.01 (0.45) 
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Table 3-3 (continued): Malathion and fenpropathrin transferable turf residues 

(µg/cm
2
) dissipated with time (studies 1-2)  

 

 

1) Transferable Turf Residues were sampled using the CDFA roller (20 times back-and-

forth rolls) over cotton cloth dosimeters (1500 cm
2
). Four samples were collected on 

each study day.  

2) Transferable turf residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day (shown in bold).  

Study day 
Malathion Fenpropathrin 

Study 1 Study 2 Study 1 Study 2 

9 

0.009 0.0016 0.0044 0.005 

0.01 0.0016 0.0067 0.01 

0.01 0.0017 0.0169 0.011 

0.01 0.0015 0.0089 0.001 

0.006 +  0.004 (0.77) 0.008 +  0.005 (0.61) 

11 

0.005 0.0016 0.00355 0.009 

0.01 0.0017 0.00453 0.009 

0.01 0.0017 0.01095 0.007 

0.01 0.0016 0.00478 0.005 

0.005 +  0.004 (0.80) 0.007 +  0.003 (0.40) 

13 

0.002 0.0015 0.0009 0.0043 

0.002 0.0016 0.001 0.0044 

0.002 0.0015 0.0053 0.0046 

0.002 0.0016 0.0038 0.0038 

0.002 +  0.0002 (0.14) 0.004 +  0.0002 (0.47) 
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Table 3-4: Transfer of malathion pesticide glove residues (µg/glove) with time in 

presence of Activator 90 (study 3) 

 

 

1) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day and sampling runs (1-4) (shown in bold).  

 

Study day Hand 
Number of runs 

1 2 3 4 

1 

A 28.64 45.9 56.51 73.21 

B 38.55 62.07 120.71 150.42 

C 11.83 42.02 78.31 178.94 

 
26.3 + 13.5 

(0.51) 

50.0 + 10.6 

(0.21) 

85.2 + 32.7 

(0.38) 

134.2 + 54.7 

(0.41) 

3 

A 2.12 2.78 3.69 4.00 

B 2.9 3.69 5.1 6.67 

C 1.5 2.31 3.42 6.41 

 
2.2 + 0.7 

(0.32) 

2.9 + 0.7 

(0.24) 

4.1 + 0.9  

(0.22) 

5.6 + 1.5 

(0.26) 

5 

A 4.32 5.54 5.87 4.96 

B 6.11 5.67 6.77 7.86 

C 3.37 4.3 5.21 7.94 

 
4.6 + 1.4 

(0.30) 

5.2 + 0.8 

(0.15) 

6.0 + 0.8 

(0.13) 

6.9 + 1.7 

(0.25) 
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Table 3-5: Transfer of fenpropathrin pesticide glove residues (µg/glove) with time in 

presence of Activator 90 (study 3) 

  

Study day Hand 
Number of runs 

1 2 3 4 

1 

A 14.47 20.51 38.92 46.92 

B 17.1 29.54 69.04 84.49 

C 7.84 23.58 51.81 78.57 

 
13.1 + 4.8 

(0.36) 

24.5 + 4.6 

(0.19) 

53.3 + 15.1 

(0.28) 

70.0 + 20.2 

(0.29) 

3 

A 13.31 15.63 18.23 16.24 

B 22.23 20.56 22.13 22.55 

C 26.43 19.89 16.38 21.12 

 
20.7 + 6.7 

(0.32) 

18.7 +2.7 

(0.14) 

18.9 + 2.9 

(0.16) 

20.0 + 3.3 

(0.16) 

5 

A 26.6 57.87 88.21 101.93 

B 45.59 100.62 134.32 176.23 

C 30.8 47.61 157.8 206.14 

 
34.3 + 9.9 

(0.29) 

68.7 + 28.1 

(0.41) 

126.8 + 35.4 

(0.28) 

161.4 + 53.7 

(0.33) 

7 

A 2.36 4.76 5.86 9.11 

B 0.38 3.8 10.68 19 

C 2.16 2.16 9.21 15.29 

 
1.6 + 1.1  

(0.67) 

3.6 + 1.3  

(0.39) 

8.6 + 2.5  

(0.29) 

14.5 + 5.0 

(0.35) 

9 

A 3.6 0.36 6.69 5.03 

B 1.51 3.95 2.43 9.06 

C 0.02 6.13 3.68 10.24 

 
1.7 + 1.8  

(1.05) 

3.5 + 2.9  

(0.84) 

4.3 + 2.2 

 (0.51) 

8.1 + 2.7 

(0.34) 

11 

A 1.74 1.23 2.02 2.89 

B 2.7 2.33 3.17 4.85 

C 0.53 1.61 2.32 4.41 

 
1.7 + 1.1  

(0.66) 

1.7 + 0.6 

 (0.32) 

2.5 + 0.6 

 (0.24) 

4.1 + 1.0 

(0.25) 
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Table 3-5 (continued): Transfer of fenpropathrin pesticide glove residues (µg/glove) 

with time in presence of Activator 90 (study 3)  

 

1) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day and sampling runs (1-4) (shown in bold).  

Study day Hand 
Number of runs 

1 2 3 4 

13 

A 1.06 1.61 2.97 3.2 

B 0.84 2.06 3.46 4.46 

C 0.4 0.93 1.41 4.58 

 
0.8 + 0.3  

(0.44) 

1.5 + 0.6  

(0.37) 

2.6 + 1.1  

(0.41) 

4.1 + 0.8 

(0.18) 
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Table 3-6: Transfer of malathion pesticide glove residues (µg/glove) following four 

sequential sampling runs on the same lane with time (study 3) 

 

 

1) BCTU measurements were done over the same lane for the “1” sampling run four 

times, and sampling was done after each run. Hence, four sets of glove samples were 

obtained on each study day. 

2) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day and sampling runs (1-4) (shown in bold).  

 

Study 

day 
Hand 

Number of single runs 

1
st
 2

nd
 3

rd
 4

th
  

1 

A 15.35 14.2 12.07 8.15 

B 30.8 22.24 19.69 15.32 

C 16.55 13.75 10.97 6.52 

  
20.9 + 8.6 

(0.41) 

16.7 + 4.8 

(0.29) 

14.2 +4.7 

(0.33) 

10.0 + 4.7 

(0.47) 

3 

A 3.12 2.75 2.62 2.53 

B 3.52 3.21 3.22 2.85 

C 3.11 2.92 2.83 2.7 

  
3.3 + 0.2 

(0.07) 

3.0 + 0.2 

(0.08) 

2.9 + 0.3 

(0.11) 

2.7 + 0.2 

(0.06) 

5 

A 0.68 0.48 0.7 0.51 

B 0.65 0.69 0.54 0.41 

C 0.55 0.4 0.49 0.33 

  
0.6 + 0.1 

(0.11) 

0.5 + 0.1 

(0.28) 

0.6 + 0.1 

(0.19) 

0.4 + 0.1 

(0.22) 
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Table 3-7: Transfer of fenpropathrin pesticide glove residues (µg/glove) following 

four sequential sampling runs on the same lane with time (study 3)  

 

Study 

day 
Hand 

Number of single runs 

1
st
 2

nd
 3

rd
 4

th
  

1 

A 13.91 15.63 17.62 16.45 

B 22.23 20.56 20.74 17.72 

C 16.43 19.89 17.07 8.31 

 
17.5 + 4.3 

(0.24) 

18.7 + 2.7 

(0.14) 

18.5 + 2.0 

(0.11) 

14.2 + 5.1 

(0.36) 

3 

A 7.9 6.94 8 5.44 

B 11.65 9.26 9.92 10.54 

C 6.4 7.97 6.91 6 

 
8.7 + 2.7 

(0.31) 

8.1 + 1.2 

(0.14) 

8.3 + 1.5 

(0.18) 

7.3 + 2.8 

(0.38) 

5 

A 2.28 3.28 3.55 3.15 

B 4.71 6.75 4.74 4 

C 3.07 4.07 3.18 3.82 

 
3.4 + 1.2 

(0.37) 

4.7 + 1.8 

(0.39) 

3.8 + 0.8 

(0.21) 

3.7 + 0.4 

(0.12) 

7 

A 2.73 2.02 3.37 3.54 

B 3.17 3.31 2.86 3.75 

C 4.8 4.32 4.25 4.26 

 
3.6 + 1.1 

(0.31) 

3.2 + 1.2 

(0.36) 

3.5 + 0.7 

(0.20) 

3.9 + 0.4 

(0.096) 

9 

A 1.32 1.02 1.85 1.46 

B 1.88 1.95 1.55 1.88 

C 1.69 1.92 1.6 1.35 

 
1.6 + 0.3 

(0.18) 

1.6 + 0.5 

(0.32) 

1.7 + 0.2 

(0.096) 

1.6 + 0.3 

(0.18) 

11 

A 0.15 0.19 0.39 0.24 

B 0.28 0.51 0.42 0.57 

C 0.46 0.3 0.28 0.23 

 
0.3 + 0.2 

(0.53) 

0.3 + 0.2 

(0.49) 

0.4 + 0.1 

(0.20) 

0.3 + 0.2 

(0.56) 
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Table 3-7 (continued): Transfer of fenpropathrin pesticide glove residues (µg/glove) 

following four sequential sampling runs on the same lane with time (study 3)  

 

 

 

1) BCTU measurements were done over the same lane for the “1” sampling run four 

times, and sampling was done after each run. Hence, four sets of glove samples were 

obtained on each study day. 

2) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day and sampling runs (1-4) (shown in bold).  

  

Study 

day 
Hand 

Number of single runs  

1
st
 2

nd
 3

rd
 4

th
  

13 

A 0.83 0.56 0.73 0.68 

B 0.87 0.95 0.98 1.02 

C 0.78 0.83 0.54 0.59 

 
0.8 + 0.0 

(0.06) 

0.8 + 0.2 

(0.26) 

0.8 + 0.2 

(0.29) 

0.8 + 0.2 

(0.30) 
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Table 3-8: Transfer of malathion transferable turf residues (µg/cm
2
) with time in 

presence of Activator 90 (study 3) 

Study day 
Malathion 

Regular sampling Sampling “inside” BCTU lanes 

1 

0.037 0.049 

0.042 0.039 

0.069 0.031 

0.064 0.050 

0.053 + 0.016 (0.30) 0.042 + 0.009 (0.21) 

3 

0.036 0.037 

0.046 0.043 

0.045 0.035 

0.046 0.037 

0.043 + 0.005 (0.11) 0.038 + 0.003 (0.09) 

5 

0.048 0.035 

0.029 0.031 

0.042 0.031 

0.039 0.030 

0.040 + 0.008 (0.20) 0.032 + 0.002 (0.07) 

7 

0.018 0.018 

0.017 0.017 

0.018 0.018 

0.018 0.018 

0.018 + 0.005 (0.03) 0.018 + 0.0005 (0.03) 

9 

0.011 0.011 

0.009 0.009 

0.009 0.009 

0.009 0.009 

0.010 + 0.0007 (0.07) 0.010 + 0.001 (0.11) 
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Table 3-8 (continued): Transfer of malathion transferable turf residues (µg/cm
2
) 

with time in presence of Activator 90 (study 3) 

 

 

1) Four cotton cloth samples were collected using the CDFA roller on each study day in 

the designated sampling area.  Similarly, four cotton cloth samples were also sampled 

within sampling lanes after regular BCTU sampling runs were performed.  

2) Transferable turf residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day (shown in bold).  

Study day 
Malathion 

Regular sampling Sampling “inside” BCTU lanes 

11 

0.0032 0.0032 

0.0032 0.0032 

0.0032 0.0031 

0.0032 0.0031 

0.0032+ 0.00 (0) 0.003 + 0.0001 (0.02) 

13 

0.0031 0.0031 

0.0031 0.0031 

0.0031 0.0031 

0.0031 0.0031 

0.0031 + 0.00 (0) 0.003 + 0.0 (0.0) 
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Table 3-9: Transfer of fenpropathrin transferable turf residues (µg/cm
2
) with time in 

presence of Activator 90 (study 3) 

Study day 
Fenpropathrin  

Regular sampling Sampling “inside” BCTU lanes 

1 

0.014 0.016 

0.015 0.016 

0.017 0.015 

0.015 0.017 

0.015 + 0.001 (0.07) 0.016 + 0.001 (0.04) 

3 

0.011 0.017 

0.011 0.022 

0.011 0.013 

0.010 0.019 

0.011 + 0.001 (0.06) 0.018 + 0.004 (0.2) 

5 

0.015 0.007 

0.010 0.017 

0.013 0.008 

0.013 0.009 

0.013 + 0.002 (0.14) 0.01 + 0.004 (0.44) 

7 

0.011 0.006 

0.008 0.006 

0.009 0.006 

0.010 0.005 

0.009 + 0.001 (0.13) 0.006 + 0.0004 (0.07) 

9 

0.005 0.003 

0.005 0.002 

0.003 0.002 

0.004 0.002 

0.004 + 0.001 (0.19) 0.002 + 0.0002 (0.11) 
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Table 3-9 (continued): Transfer of fenpropathrin transferable turf residues (µg/cm
2
) 

with time in presence of Activator 90 (study 3) 

 

 

1) Four cotton cloth samples were collected using the CDFA roller on each study day in 

the designated sampling area.  Similarly, four cotton cloth samples were also sampled 

within sampling lanes after regular BCTU sampling runs were performed.  

2) Transferable turf residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day (shown in bold).  

   

Study day 
Fenpropathrin  

Regular sampling Sampling “inside” BCTU lanes 

11 

0.0020 0.0001 

0.0020 0.0011 

0.0016 0.0007 

0.0023 0.0008 

0.002 + 0.0003 (0.15) 0.0007 + 0.0004 (0.62) 

13 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

0.0001 + 0.00 (0) 0.0001 + 0.00 (0) 
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Table 3-10:  Transfer of malathion pesticide glove residues (µg/glove) with time 

at varying levels of Kinetic® (study 4)  

 

Study 

day 
Hand 

Kinetic adjuvant (oz./100 gallon) 

0 12.8 22.4 32.0 

1 

A 296.6 104.6 354 253.4 

B 494.4 527.6 446.2 66.7 

C 456.9 402.7 420.3 239 

 
415.97 + 105.1 

(0.25) 

345.0 + 217.3 

(0.63) 

406.8 + 47.6 

(0.12) 

186.4 + 103.9 

(0.56) 

3 

A 122.4 175.2 181.5 92 

B 187.8 28.4 182.2 57.2 

C 158.3 172.3 104.6 57.2 

 
156.2 + 32.8 

(0.21) 

125.3 + 83.9 

(0.67) 

156.1 + 44.6 

(0.29) 

68.8 + 20.1 

(0.29) 

5 

A 127.4 44.7 37.1 29.2 

B 50.8 46.7 41.9 11.7 

C 39 28.9 37.7 22.5 

 
72.4 + 48.0 

(0.66) 

40.1 + 9.8 

(0.24) 

38.9 + 2.6 

(0.07) 

21.1 + 8.8 

(0.42) 

7 

A 10.8 15 9.3 6.5 

B 1.5 1.8 12.7 8.7 

C 13 17.1 8.6 15.4 

 
8.4 + 6.1 

(0.72) 

11.3 + 8.3 

(0.73) 

10.2 + 2.2 

(0.22) 

10.2 + 4.6 

(0.45) 

9 

A 4.3 5.1 3.3 3.1 

B 1.9 26.6 9.2 3.9 

C 1.4 16.2 3.7 2.2 

 
2.5 + 1.6 

(0.61) 

16.0 + 10.8 

(0.67) 

5.4 + 3.3 

(0.61) 

3.1 + 0.9 

(0.28) 

11 

A 1 1.4 2.5 1.6 

B 1.2 3.9 1.3 5.1 

C 1.2 0.8 1 1.1 

 
1.1 + 0.1 

(0.10) 

2.0 + 1.6 

(0.81) 

1.6 + 0.8 

(0.50) 

2.6 + 2.2 

(0.84) 
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Table 3-10 (continued):  Transfer of malathion pesticide glove residues (µg/glove) 

with time at varying levels of Kinetic® (study 4) 

 

 

 

 

1) BCTU measurements were performed with “3” sampling runs over the same lane for 

each of the four different Kinetic® application levels. Three replicate glove samples 

were obtained for each level and hence, a total of twelve sets of glove sampling on 

each study day.  

2) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day and sampling runs (1-4) (shown in bold).  

 

Study 

day 
Hand 

Kinetic adjuvant (oz./100 gallon) 

0 12.8 22.4 32.0 

13 

A 0.5 0.5 0.5 0.5 

B 0.5 0.5 0.5 0.5 

C 0.5 0.5 0.5 0.5 

 
0.5 + 0.0 

(0) 

0.5 + 0.0 

(0) 

0.5 + 0.0 

(0) 

0.5 + 0.0 

(0) 
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Table 3-11: Transfer of fenpropathrin pesticide glove residues (µg/glove) with time 

at varying levels of Kinetic® (study 4) 

 

Study 

day 
Hand 

Kinetic adjuvant (oz./100 gallon) 

0 12.8 22.4 32.0 

1 

A 182.74 226.6 289.95 217.26 

B 374.52 414.84 414.57 322/37 

C 362.6 336.33 385.54 231.64 

 
306.6 + 107.4 

(0.35) 

325.9 + 94.6 

(0.29) 

363.4 + 65.2 

(0.18) 

257.1 + 57.0 

(0.22) 

3 

A 155.36 200.79 253.66 153.6 

B 242.82 331.74 277.8 160.81 

C 207.15 231.44 186.86 126.65 

 
201.8 + 44.0 

(0.22) 

254.7 + 68.5 

(0.27) 

239.4 + 47.1 

(0.20) 

147.0 + 18.0 

(0.12) 

5 

A 107.28 136.17 134.48 119.65 

B 146.27 143.36 150.44 127.26 

C 149.17 119.21 126.6 103.99 

 
134.2 + 23.4 

(0.17) 

132.9 + 12.4 

(0.09) 

137.2 + 12.1 

(0.09) 

117.0 + 11.9 

(0.10) 

7 

A 43.3 55.36 61.66 40.61 

B 71.6 79.91 88.37 59.47 

C 63.48 78.88 89.21 50.91 

 
59.5 + 14.6 

(0.25) 

71.4 + 13.9 

(0.20) 

79.7 + 15.7 

(0.20) 

50.3 + 9.4 

(0.19) 

9 

A 49.39 55.32 63 46.54 

B 69.56 78.35 75.51 50.59 

C 69.44 63.65 70.07 42.02 

 
62.8 + 11.6 

(0.19) 

65.8 + 11.7 

(0.18) 

69.5 + 6.3 

(0.09) 

46.4 + 4.3 

(0.09) 

11 

A 16.5 51.95 0.47 41.24 

B 40.36 92.14 58.98 52.42 

C 51.91 47.6 47.17 29 

 
36.3 + 18.1 

(0.50) 

63.9 + 24.6 

(0.38) 

35.5 + 30.9 

(0.87) 

40.9 + 11.7 

(0.29) 
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Table 3-11 (continued):  Transfer of fenpropathrin pesticide glove residues 

(µg/glove) with time at varying levels of Kinetic® (study 4) 

 

 

1) BCTU measurements were performed with “3” sampling runs over the same lane for 

each of the four different Kinetic® application levels. Three replicate glove samples 

were obtained for each level and hence, a total of twelve sets of glove sampling on 

each study day.  

2) Glove residues are represented as the arithmetic mean + standard deviation 

(coefficient of variation) for each study day (shown in bold).  

Study 

day 
Hand 

Kinetic adjuvant (oz./100 gallon) 

0 12.8 22.4 32.0 

13 

A 23.25 23.9 30.28 0.2 

B 37.01 34.66 43.58 0.2 

C 34.16 26.42 41.16 29.17 

 
31.5 + 7.3 

(0.23) 

28.3 + 5.6 

(0.20) 

38.3 + 7.1 

(0.19) 

9.9 + 16.7 

(1.7) 
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Table 3-12: Transfer of malathion and fenpropathrin transferable turf residues 

(µg/cm
2
) with time at varying levels of Kinetic® (study 4) 

 

 

Study day 
Kinetic adjuvant 

(oz./100 gallon)  
Malathion Fenpropathrin 

1 

0 0.03 0.009 

12.8 0.26 0.159 

22.4 0.15 0.129 

32 0.07 0.118 

3 

0 0.16 0.106 

12.8 0.15 0.142 

22.4 0.06 0.085 

32 0.05 0.083 

5 

0 0.017 0.034 

12.8 0.012 0.035 

22.4 0.019 0.053 

32 0.004 0.018 

7 

0 0.007 0.057 

12.8 0.004 0.045 

22.4 0.009 0.067 

32 0.003 0.03 

9 

0 0.0028 0.033 

12.8 0.0012 0.017 

22.4 0.0003 0.032 

32 0.0003 0.003 
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Table 3-12 (continued): Transfer of malathion and fenpropathrin transferable turf 

residues (µg/cm
2
) with time at varying levels of Kinetic® (study 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Four cotton cloth samples were collected using the CDFA roller on each study day in 

the designated sampling area; one sample for each kinetic ® application level.  

 

 

Study day 
Kinetic adjuvant 

(oz./100 gallon) 
Malathion Fenpropathrin 

11 

0 0.0024 0.022 

12.8 0.0141 0.048 

22.4 0.0003 0.022 

32 0.0014 0.024 

13 

0 0.0002 0.011 

12.8 0.0001 0.023 

22.4 0.0014 0.031 

32 0.0005 0.020 
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Table 3-13:  Transfer of malathion pesticide glove residues (µg/glove) with time when Activator 90 and Kinetic® are 

applied at maximum label rates (study 5) 

 

Study day Hand Control Activator 90 Kinetic 

1 

A 326.69 270.14 351.53 452.37 274.19 343.17 123.65 120.96 71.99 

B 670.62 511.28 322.62 483.39 376.99 279.04 105.04 128.63 77.42 

C 374.4 223.71 172.03 379.4 302.27 273.18 71.39 119.46 110.23 

  
358.1 + 151.7 (0.42) 351.6 + 78.1 (0.22) 103.2 + 23.3 (0.23) 

4 

A 13 1.97 11.43 10.88 4.06 6.34 8.88 3.97 2.16 

B 36.24 6.98 6.13 7.92 5.72 6.46 1.97 4.96 2.63 

C 12.21 5.15 5.86 5.12 4.24 3.15 1.79 1.88 4.18 

 
11.0 + 10.2 (0.92) 6.0 + 2.3 (0.39) 3.6 + 2.3 (0.64) 

7 

A 1.3 1.17 0.75 0.9 0.64 0.69 0.42 0.3 0.39 

B 1.13 0.84 0.87 0.6 9.6 1.34 0.26 0.34 0.25 

C 0.77 0.45 0.39 0.56 0.23 0.39 0.24 0.27 0.57 

 
0.9 + 0.3 (0.36) 1.7 + 3.0 (1.8) 0.3 + 0.1 (0.32) 
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Table 3-13 (continued):  Transfer of malathion pesticide glove residues (µg/glove) with time when Activator 90 and 

Kinetic® are applied at maximum label rates (study 5) 

 

Study day Hand Control Activator 90 Kinetic 

10 

A 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

B 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

C 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

  0.5 + 0.0 (0.0) 0.5 + 0.0 (0.0) 0.5 + 0.0 (0.0) 

 

1) BCTU measurements were performed with “2” sampling runs over the same lane for each of the three different 

applications. Three replicate glove samples were obtained for each level and hence, a total of twelve sets of glove sampling 

on each study day.  

2) Glove residues are represented as the arithmetic mean + standard deviation (coefficient of variation) for each study day 

(shown in bold).  
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Table 3-14:  Transfer of fenpropathrin pesticide glove residues (µg/glove) with time when Activator 90 and Kinetic® are 

applied at maximum label rates (study 5) 

 

  

Study day Hand Control Activator 90 Kinetic 

1 

A 178.9 191.2 196.1 152.6 113.4 148.7 107.1 102.6 80.7 

B 238.5 258.9 221.2 215.2 184.8 141.9 84.7 131.4 114.5 

C 207.6 627.1 128.5 163.2 151.1 162.6 63.4 137.9 137.5 

  
249.8 + 146.3 (0.59) 159.3 + 28.4 (0.18) 106.6 + 26.6 (0.25) 

4 

A 49.2 54.1 76 61.5 41.8 63.5 42.4 36.9 37.8 

B 56.3 58.9 62.4 63.8 58.9 57.3 35.9 39.4 40.9 

C 53.2 39 48.4 45.8 39 41.9 17.7 34.5 37.6 

 
55.3 + 10.3 (0.19) 52.6 + 10.3 (0.20) 35.9 + 7.2 (0.20) 

7 

A 48.7 45.6 54 47.1 36 52.4 38.9 43 32.1 

B 52.4 52 60.4 42.6 5.9 42.2 27.2 43.7 32.3 

C 47.5 26.1 25.7 35.3 30.6 29.5 21.6 26.8 40.5 

 
45.8 + 12.1 (0.26) 35.7 + 13.5 (0.38) 34.0 + 7.9 (0.23) 
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Table 3-14 (continued):  Transfer of fenpropathrin pesticide glove residues (µg/glove) with time when Activator 90 and 

Kinetic® are applied at maximum label rates (study 5) 

  

 

1) BCTU measurements were performed with “2” sampling runs over the same lane for each of the three different 

applications. Three replicate glove samples were obtained for each level and hence, a total of twelve sets of glove sampling 

on each study day.  

2) Glove residues are represented as the arithmetic mean + standard deviation (coefficient of variation) for each study day 

(shown in bold).  

Study 

day 
Hand Control Activator 90 Kinetic 

10 

A 18.09 22.17 44.33 17.13 17.4 18.74 17.93 19.2 17.66 

B 25.23 27.34 40.3 18.11 22.22 17.71 13.21 17.8 18.98 

C 174 16.06 22.93 13.74 11.74 12.44 6.99 12.77 11.98 

  
43.4 + 49.9 (1.15) 16.6 + 3.3 (0.20) 15.2+ 4.2 (0.27) 
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Table 3-15: Transfer of malathion and fenpropathrin transferable turf residues 

(µg/cm
2
) with time when Activator 90 and Kinetic® are applied at maximum label 

rates (study 5) 

  

 

1) Four cotton cloth samples were collected using the CDFA roller on each study day in 

the designated sampling area; two samples for the control application one sample 

each for each Kinetic ® and Activator 90 application level.  

Study Day 
Adjuvant (oz./100 

gallon) 
Malathion Fenpropathrin 

1 

No adjuvant -1 0.087 0.116 

No adjuvant -2 0.030 0.075 

Activator 90 0.063 0.081 

Kinetic 0.014 0.043 

4 

No adjuvant -1 0.003 0.059 

No adjuvant -2 0.006 0.046 

Activator 90 0.005 0.034 

Kinetic 0.001 0.016 

7 

No adjuvant -1 0.0010 0.032 

No adjuvant -2 0.0008 0.017 

Activator 90 0.0013 0.017 

Kinetic 0.0017 0.009 

10 

No adjuvant -1 0.0004 0.014 

No adjuvant -2 0.0003 0.012 

Activator 90 0.0005 0.008 

Kinetic 0.0003 0.005 



 

115 

 

Table 3-16: Malathion and fenpropathrin residues (µg/cm
2
) 

collected using cotton cloth deposition coupons  

 

Study 2 

Sample number 
Malathion Fenpropathrin 

Turf plot 1 Turf plot 2 Turf plot 1 Turf plot 2 

1 8.6 8.9 3.44 3.06 

2 10.7 11.5 2.77 0.6 

3 9.4 8.5 2.26 4.19 

4 8.6 9.4 1.93 0.54 

5 13 9.8 7.02 5.38 

6 10.7 6.9 4.54 3.42 

Average + standard 

deviation (CV) 
9.67 + 1.61 (0.53) 3.26 + 1.87 (0.47) 

 

Study 3 

Sample number 
Malathion Fenpropathrin 

Turf plot 1 Turf plot 2 Turf plot 1 Turf plot 2 

1 7.1 7.5 4.8 4.67 

2 5.8 9.5 4.64 5.13 

3 6.1 8.6 4.6 5.19 

4 6.6 8.4 5.25 5.28 

5 7.8 8.2 5.51 4.9 

6 8.6 10.2 5.62 5.1 

Average + standard 

deviation (CV) 
7.87 + 1.32 (0.43) 5.06 + 0.34 (0.73) 

 

1) Deposition cotton coupons [n=6] were placed on the turf plots before pesticide 

application. Malathion and fenpropathrin residues deposited on cotton cloths during 

pesticide application, collected 2 hrs after application and residue levels were 

estimated using GC-FPD and GC-ECD, respectively. 
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Table 3-17:  Recovery of malathion and fenpropathrin using GC-FPD and GC-ECD 

 

 

From Ziploc® bags 

Pesticide
 

Linearity range 
a
  

(µg/ml) 
R

2
 

LOD
 b

 

(µg/ml) 

LOQ 
c 

(µg/ml)  

Fortification 

level (µg/ml) 
Recovery (%)

 d
  

Malathion 1-100 0.9999 0.611 2.04 

5 86.4 + 3.65 (4%) 

20 82.3 + 4.45 (5%) 

100 90.7 + 3.73 (4%) 

Fenpropathrin 1-100 0.9958 0.295 0.983 

5 58.5 + 7.98 (14%) 

20 79.5 + 6.75 (8%) 

100 79.8 + 3.26 (4%) 

 

 
a
 Standard curve range on GC-FPD and GC-ECD.   

b
 Limit of Detection of the GC-FPD and GC-ECD for malathion and fenpropathrin.  

c
 Limit of Quantification of the GC-FPD and GC-ECD for malathion and fenpropathrin.  

d
 All results are represented as the arithmetic mean + standard deviation (coefficient of variation %) from sample size (n=3). 

  Malathion results reported here are referenced from Lopez 2011.  
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Table 3-17 (continued):  Recovery of malathion and fenpropathrin using GC-FPD and GC-ECD 

 

From rubber latex gloves (1
st
 extraction) 

Pesticide
 

Linearity range 

(µg/ml)
 

R
2
 

LOD 

(µg/ml) 

LOQ 

(µg/ml) 

Fortification 

level (µg/ml) 
Recovery (%) 

Malathion 1-100 0.9999 0.611 2.04 

5 95.4 + 8.79 (9%) 

50 129.0 + 4.06 (3%)
a
 

250 115.2 + 11.26 (10%)
b
 

Fenpropathrin 1-100 0.9958 0.295 0.983 

5 96.6 + 20.46 (21%) 

50 100.2 + 4.93 (5%) 

250 92.9 + 2.05 (2%) 

 

From rubber latex gloves (2
nd

 extraction) 

Pesticide
 Linearity range 

(µg/ml)
 R

2
 

LOD 

(µg/ml) 

LOQ 

(µg/ml) 

Fortification 

level (µg/ml) 
Recovery (%) 

Malathion 1-100 0.9999 0.611 2.04 

5 19.3 + 1.41 (7%) 

50 9.4 + 1.08 (11%) 

250 8.3 + 1.12 (13%) 

Fenpropathrin 1-100 0.9958 0.295 0.983 

5 13.6 + 3.81 (28%) 

50 21.1 + 0.23 (2%) 

250 8.2 + 0.22 (3%) 
 

                                                        
a All three samples had high recoveries (132.2%, 130.4% and 124.5%). The average recovery was 129%. 
b One sample had a high recovery of 125% and the other two recoveries were 103% and 117% and hence the average recovery was 115.2%. 
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Table 3-17 (continued): Recovery of malathion and fenpropathrin using GC-FPD and GC-ECD  

 

From cotton cloths (1
st
 extraction) 

Pesticide
 

Linearity range 

(µg/ml)
 

R
2
 

LOD 

(µg/ml) 

LOQ 

(µg/ml) 

Fortification 

level (µg/ml) 
Recovery (%) 

Malathion 1-100 0.9999 0.611 2.04 

5 123.7 + 20.8 (17%)
a
 

20 153.9 + 11.8 (8%)
b
 

100 119.4 + 5.0 (4%) 

Fenpropathrin 1-100 0.9958 0.295 0.983 

5 104.5 + 10.09 (10%) 

20 89.47 + 1.95 (2%) 

+ 1.95 100 117.1 + 3.89 (3%) 

 

From cotton cloths (2
nd

 extraction) 

Pesticide
 Linearity range 

(µg/ml)
 R

2
 

LOD 

(µg/ml) 

LOQ 

(µg/ml) 

Fortification 

level (µg/ml) 
Recovery (%) 

Malathion 1-100 0.9999 0.611 2.04 

5 88.7 + 92.4 (104%)
c
 

20 9.4 + 2.1 (23%) 

100 1.56 + 0.1 (3%) 

Fenpropathrin 1-100 0.9958 0.295  0.983 

5 1.6 + 2.83 (173%) 

20 8.1 + 10.90 (177%) 

100 0.2 + 0.25 (117%) 

                                                        
a One sample had a normal recovery of 99.8% and the other two recoveries were 136.6% and 134.8% and hence the average recovery was 123.7%. 
b All three samples had high recoveries (140.35%, 158.95% and 162.30%). The average recovery was 153.9%. 
c
 One sample (out of three) had a high recovery (195%). The other two samples had lower recoveries of 31.7% and 39.1%. Hence the average recovery was 88.7%. 
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Figure 3-1: Dimensions of the Brinkman Contact Transfer Unit (BCTU) used for 

sampling pesticide treated turf using rubber latex gloves 

 

Figure 3-1A: Left-side view of BCTU used for sampling on turf 

 
 

 

Figure 3-1B: Central view of BCTU with dimensions of the hand 
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Figure 3-2: Schematics of the tools used for sampling available foliar residues 

 

Figure 3-2A: Schematic view of the BCTU from the left side  

 
 

Figure 3-2B: Schematic view of the BCTU from the top 

 
The drawings of the BCTU were done by Mr. Brandt Elwell using Auto-CAD software. 
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Figure 3-2C: Sampling Transferable Turf Residues using the CDFA Roller with pesticide treated turf  

 

  

 

 
 

 

 

1) The cotton cloth is placed over the pesticide treated turf covered by aluminum foil.  

2) A metal frame is placed over the cloth and foil.  

3) The CDFA roller is rolled back and forth 20 times within the metal frame 
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Figure 3-3: Diagram of the turf field sites and areas sampled using the BCTU and CDFA Roller 
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Figure 3-4:  Location of the deposition coupons placed on the field site before 

pesticide application (studies 2-3) 

 
 

 
 

 

                  
 

 

 

1) Deposition cotton coupons [n=6 cotton cloths (100 cm
2
 surface area) secured to 

aluminum foil] were placed on the turf plots at the locations indicated before 

pesticide application.  

2) Malathion and fenpropathrin residues were deposited on cotton cloths during 

pesticide application and collected 2 hrs after application. 

Turf plot 1 

Turf plot 2 
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Figure 3-5: Experimental design used for the glove dosimeters attached to the BCTU for illustrating sample runs (1-4)   

(studies 1-3) 

 

 
 

 

 

1) All sampling lanes were of equal dimensions (70 ft x 3.75 ft)  

2) Each run was one-back and-forth cycle.  For example, two sampling lanes were utilized for 2 BCTU runs.  

3) After the sample runs were performed, the glove samples were collected.  
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Figure 3-6: Experimental design used for the glove dosimeters attached to the BCTU showing the location of the 

varying Kinetic® applications (study 4)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) All sampling lanes were of equal dimensions (70 ft x 3.75 ft).  

2) There were three sampling lanes for each Kinetic® application and hence three replicate glove sampling were obtained 

using the BCTU sampling.  

3) 3 BCTU runs were performed within each lane during sampling.  

 

30 ft 

30 ft 

90 ft 

 

 

 

 

Kinetic 

22.4 oz./100 gallon 

Kinetic 

12.8 oz./100 gallon 

Control  

(No adjuvant) 

Kinetic 

32.0 oz./100 gallon 
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Figure 3-7: Experimental design used for the glove dosimeters attached to the BCTU showing the location of  

Activator 90, Kinetic and control (no adjuvant) applications (study 5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) All sampling lanes were of equal dimensions (70 ft x 3.75 ft).   

2) There were three sampling lanes for each adjuvant application and hence three replicate glove sampling were obtained 

using the BCTU sampling.  For control application, there were four lanes and three were chosen for extraction and 

analysis using random sampling.  

3) 2 BCTU runs were performed within each lane during sampling.  

Activator 90 

64 oz./100 gallon 

Control  

(No adjuvant) 

Kinetic 

64 oz./100 gallon 

Control  

(No adjuvant) 

30 ft 

30 ft 

90 ft 
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Figure 3-8:  Accumulation and biphasic dissipation of malathion pesticide glove 

residues with time (studies 1-2)  

 

 

1) Glove residues are represented as the arithmetic mean + standard deviation for each  

study day and sample runs (1-4).  

2) This figure is edited from Lopez 2011.  
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Figure 3-9:  Accumulation and biphasic dissipation of fenpropathrin pesticide glove 

residues with time (studies 1-2) 

 

   
 

1) Glove residues are represented as the arithmetic mean + standard deviation for each 

study day and sample runs (1-4).   
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Figure 3-10:  Transfer and biphasic dissipation of malathion and fenpropathrin 

transferable turf residues with time (studies 1-2) 

 

Figure 3-10A: Malathion  

  
 

Figure 3-10B: Fenpropathrin 

 

1) Transferable turf residues are represented as the arithmetic mean + standard deviation 

for each study day. There were n=4 cotton cloth samples for each study day; sampled 

using the CDFA roller.  



 

130 

 

 

Figure 3-11:  Accumulation and biphasic dissipation of malathion and 

fenpropathrin pesticide glove residues in presence of Activator 90 (study 3) 

 

Figure 3-11A: Malathion  

 
 

Figure 3-11B: Fenpropathrin  

 

1) Glove residues are represented as the arithmetic mean + standard deviation for each 

study day and sample runs (1-4).   
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Figure 3-12:  Malathion pesticide glove residues transferred during each of the four 

sequential runs on the same lane on days 1-5 (study 3) 

 

 

  

1) BCTU measurements were done over the same lane for the “1” sample run four 

times on each study day.  
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Figure 3-13:  Fenpropathrin pesticide glove residues transferred during each of the 

four sequential runs on the same lane on days 1-13 (study 3)         

                        

 

 
 

1) BCTU measurements were done over the same lane for the “1” sample run four times 

on each study day.  
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Figure 3-14:  Transfer and biphasic dissipation of malathion and fenpropathrin 

transferable turf residue in presence of Activator 90 (study 3) 

 

Figure 3-14A: Malathion   

 

 

Figure 3-14B: Fenpropathrin 

 

1) Transferable turf residues are represented as the arithmetic mean + standard deviation 

for each study day. There were n=4 cotton cloth samples for each study day; sampled 

using the CDFA roller.  
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Figure 3-15:  Accumulation and biphasic dissipation of malathion and 

fenpropathrin pesticide glove residues were transferred at lower rates at varying 

levels of Kinetic® (study 4)  

 

Figure 3-15A: Malathion  

 
 

Figure 3-15B: Fenpropathrin 

 

1) There were three sampling lanes for each Kinetic® application and hence three 

replicate glove samples were obtained. 3 BCTU runs were performed/sample.  
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Figure 3-16:  Transfer and biphasic dissipation of malathion and fenpropathrin 

transferable turf residues at varying levels of Kinetic® (study 4) 

 

Figure 3-16A: Malathion 

 
 

Figure 3-16B: Fenpropathrin 

 

1) Four cotton cloth samples were collected using the CDFA roller on each study day in 

the designated sampling area; one sample for each kinetic ® application level.  
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Figure 3-17:  Accumulation and biphasic dissipation of malathion and 

fenpropathrin pesticide glove residues when Activator 90 and Kinetic® were applied 

at maximum label rates (study 5) 

 

Figure 3-17A: Malathion  

 

 

Figure 3-17B: Fenpropathrin  

  

1) There were three sampling lanes for each adjuvant application and hence three 

replicate glove samples were obtained. 2 BCTU runs were performed/sample.  
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Figure 3-18: Transfer and biphasic dissipation of malathion and fenpropathrin 

transferable turf residues when Activator 90 and Kinetic® were applied at 

maximum label rates (study 5) 

 

Figure 3-18A: Malathion 

 
 

Figure 3-18B: Fenpropathrin 

  
 

1) Four cotton cloth samples were collected using the CDFA roller on each study day in 

the designated sampling area; two samples for the control application one sample 

each for each Kinetic ® and Activator 90 application level.  
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CHAPTER 4 

DEMONSTRATING THE IMPORTANCE OF HAND EXPOSURES USING RUBBER 

LATEX GLOVES AS SAMPLING DOSIMETERS FOR OCCUPATIONAL 

HARVESTER PESTICIDE EXPOSURE ASSESSMENT 
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INTRODUCTION  

Background   

The application of pesticides in strawberry fields deposits residues on foliar surfaces, 

berries and soil (Krieger, 1995). Previous research has shown that direct dermal and 

clothing contact with foliar residues is primarily responsible for pesticide exposures 

among harvesters (Durham and Wolfe, 1962). More specifically, harvester exposures 

occur primarily due to hand contact with treated leaf surfaces while picking the fruit 

(Krieger et al., 2006).  Among fruits, strawberries have become a model crop for studying 

hand harvester exposure. Strawberries grow for 10-12 months a year and the harvester 

tasks in strawberry farms are stereotypic. Harvesters pick strawberries for extended 

periods of time (≈ 8 hrs/work day), and, as a result, their hands have regular contact with 

strawberry foliage resulting in extended low level pesticide exposures. In 2010, 2.58 

billion pounds of strawberries were harvested in California accounting for 91% of the 

total U.S. production and with a value of more than $1.8 billion. California strawberry 

production occurs primarily along the central and southern coast, with smaller but 

significant production occurring in the Central Valley.   

  

Harvester exposures can be estimated using direct and indirect measurements. Direct 

measures include residues deposited on cotton gauze pads attached to clothing, on gloves 

and worker clothing during the harvesting process. Indirect measures include biological 

monitoring, surface sampling techniques, and air sampling (van Hemmen et al., 2005).   
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Dislodgeable foliar residues  

Dislodgeable foliar residues are a chemical estimate of total surface foliar residues, which 

has been used to predict external exposure of hand harvesters (Iwata et al., 1979, Spencer 

et al., 1977, Nigg et al., 1984). These measurements estimate the potential exposure from 

all total surface residues. As a result, this technique overestimates worker exposure and is 

considered to be a conservative approach. It is the currently approved technique for 

estimating harvester exposures since it is protective of worker health (Popendorf et al., 

1977).  

 

Like all techniques, it has certain limitations. For example, it does not measure the 

transferred residues which actually cause pesticide exposure. The Zweig-Popendorf 

relationship is used to estimate the dislodgeable foliar residues and has only really been 

validated at the Pre Harvest Interval (Zweig et al., 1985). Also, dislodgeable foliar 

residues often dissipate quickly and are not likely to be uniformly available throughout 

their decline in the field (Giles et al., 1992). However, in spite of their rapid decline, 

longer term exposures can be measured using biomonitoring of orchard workers and by 

measuring the glove residues of strawberry harvesters exposed to malathion residues 

(Simcox et al., 1999, Li et al., 2011).  An assessment of the health significance of longer 

term or subchronic exposures (up to 90 d) requires a more complete knowledge of the 

nature and availability of foliar surface residues than is available through a simple 

estimation of the total surface residues.   
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Transfer coefficients  

The transfer coefficients used to estimate pesticide exposures are empirical values 

calculated from the Zweig-Popendorf relationship, and are defined as the dermal 

exposure divided by the dislodgeable foliar residues and time. Since dislodgeable foliar 

residues are typically measured at maximum application rates at the Pre-Harvest Interval 

and defined for the longest possible work times, transfer coefficients are also 

conservative (i.e., health protective) in calculating human exposures (Ross et al., 2006). 

Transfer coefficients are used for exposure assessments and based upon the nature of 

work activity, type of crop, concentration of the residue present on the study surface and 

length of exposure time (Kissel et al., 2000, Zweig et al., 1984).  

 

Current EPA estimates for transfer coefficients have been constructed for several crops 

and include 1,100-1,900 cm
2
/h for low/medium hand harvested row crops (e.g., beans, 

barley, rice), 6,000 to 54,000 cm
2
/h for tree fruits (e.g., apples, avocados, lemons, 

oranges) and 230-1,900 cm
2
/h for different berries (e.g., cranberries, strawberries) 

(USEPA, 2012a). For strawberry harvesters, the commonly used transfer coefficient is 

1500 cm
2
/hr (USEPA, 2009).

a
 Nevertheless, transfer coefficients are useful first 

approximations of dermal exposure of harvesters, this practice and the values used have 

received little critical evaluation. 

 

 

                                                        
a
 A new transfer coefficient of 1,100 cm

2
/hr has been recommended. (USEPA 2012) 
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Transferable foliar residues     

An aim of many exposure assessment studies has been to determine the transferable part 

of the dislodgeable foliar residue to reliably estimate worker exposure. Transferable 

Foliar Residues can be measured after physical contact transfer from foliar surfaces to 

cotton cloth. A sampling device, developed at UC Riverside, is the Bench top Surface 

Roller, which is essentially a pasta maker made suitable for use in the laboratory (Li, 

2009). When used, leaves were placed on a cotton cloth over an aluminum foil sheet and 

passed through the Bench top Surface Roller, allowing the available foliar residues to be 

mechanically transferred to the cotton cloth. Sampling available foliar residues using the 

Bench top Surface Roller is similar in many ways to the physical transfer sampling 

performed using the CDFA roller on treated turf.   

  

Pesticide Glove Residues  

Available foliar residues can also be estimated by collecting gloves used by harvesters 

after they have picked treated produce (Batcherlor and Walker, 1954). Harvester gloves 

typically accumulate pesticide residues by transfer from produce to gloves and are an 

indication of the amount of residue transferred (Winterlin et al., 1984). Cotton and nylon 

gloves have been used as dosimeters to estimate pesticide residues throughout the work 

day (Davis et al., 1982). Since worker dermal contact is physical rather than chemical, 

rubber latex gloves can be useful dosimeters. Measuring the long-term, low level 

availability of surface foliar residues using direct dosimetry has proven to be valuable for 

performing quantitative exposure assessments of harvesters (Quandt et al., 2006).  
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 Rubber latex gloves have previously been used to estimate malathion exposure to 

strawberry harvesters (Zhang, 2005). Their use as a sampling dosimeter has several 

advantages. They represent the direct point of hand contact with treated foliage, 

eliminating the need for extrapolation. The alternative use of cotton patches attached to 

clothing, skin or whole body suits are cumbersome and more indirect (Schneider et al., 

1999). Measurements on a pair of gloves allow residue estimation to be performed in a 

simple manner by eliminating the need to consider the handedness (right, left or 

ambidextrous) of strawberry pickers (Zweig et al. 1983). The sampling is also non-

invasive and does not interfere with worker activity.  

 

Estimating available pesticide residues using a clean, renewable dosimeter that is 

replaced (and normally discarded) every few hours is not feasible by any other 

methodology. After a 2 hr work period, typical among strawberry workers, the gloves can 

be stored with the residues being stable when maintained in ice coolers with dry ice 

(Salvatore et al., 2008). In addition, since the use of rubber latex gloves do not require 

specialized equipment, it may also be feasible for growers to monitor worker exposure as 

part of an integrated workplace hygiene program in the future. Earlier studies have 

indicated the prolonged, subchronic nature of harvester exposures. Li, (2009) reported 

that glove residues can be measured up to 90 days after pesticide application albeit at 

very low levels (1-10 µg/pair). The results of these initial studies indicate a potential for 

long-term harvester exposures, but imply that these residues do not pose a health risk to 

harvesters at these low levels.  
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End-of-shift hand washes   

During normal work activities, harvesters accumulate pesticide residues on their hands 

(Spencer et al., 1993). Hand washing is a simple method that can be performed at the end 

of the day to estimate the residues on harvesters’ hands which can be potentially absorbed 

(Brouwer et al., 2000). However, it can be hard to relate the hand residues to predict 

harvester exposures due to the specific pesticide characteristics, differences in exposure 

time, the use of gloves, as well as the characteristics of skin and the complicated 

dynamics of pesticide loading and skin absorption (Fenske and Lu, 1994). Many studies 

have shown that not all external hand residues are removed from the hand surface with 

washing. For example, only 68% of captan hand residues were completely removed in a 

study by Fenske et al., (1998). Hand washes can also be inconvenient for the worker at 

the end of the day and can be contaminated with dirt and juice (OECD, 1997).   

 

Urine Biomonitoring  

Biological monitoring is the analysis of human tissues, fluids and excreta for direct or 

indirect evidence of exposure to pesticides (Barr et al., 2006).  Over many decades, 

analytical techniques have been developed to accurately measure urinary metabolites, 

blood levels and tissue levels of various pesticides (Wicker et al., 1979, Bradman et al., 

2011). During worker activity, pesticide residues are typically absorbed through the skin 

(Woollen et al., 1992). Metabolism occurs mostly in the liver with elimination through 

urine or feces, with generally low levels of metabolites being present in blood (Jaeschke, 

2008). In some cases, the parent compound can also be excreted unchanged in the urine 
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(e.g. phenoxyacid herbicides), or in the feces (e.g. organochlorines), but for many 

pesticides, the metabolites are excreted primarily through the urine (e.g. alkyl phosphates 

from organophosphorus compounds) (Barr, 2008). Selection of the appropriate analytes 

requires prior knowledge of the metabolism of the pesticide of interest. The main criteria 

for biomonitoring are choosing the most appropriate biological matrix, the right timing of 

sample collection relative to exposure, proper sample handling and storage and selecting 

an appropriate analytical method (Calafat et al., 2009).   

 

As indicated below, urine is the most frequently used biological specimen, due to its 

importance in the excretion of most metabolites, its non-invasive nature, and the ease of 

sample collection (Nauman et al., 1994). Excreted metabolites are commonly adjusted for 

creatinine levels (µg pesticide/g creatinine) or for urine volume (µg pesticide/ml urine). 

As an example, carbaryl exposure was monitored by Comer et al., 1975 using urinary 1-

naphthol and plasma pseudo cholinesterase activity as biomarkers. Biological monitoring 

for carbaryl exposures required collecting 24 hr urine samples before and immediately 

after a well characterized exposure event. It should be noted that dermal exposure 

typically results in delayed urinary excretion (Krieger et al., 2001).  Accurately 

estimating doses from biomonitoring versus passive dosimetry requires knowledge of 

clothing penetration, route-specific absorption, distribution, metabolic pathways, 

excretion routes and overall kinetics (Fenske et al., 2005, Tuomainen et al., 2002). 

Biomonitoring data complements environmental monitoring data to provide a complete 

picture of the dose and associated risks (Maddy et al., 1989).  
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The main objectives of this study were to investigate pesticide exposures to harvesters 

and to evaluate the effectiveness of rubber latex gloves as sampling dosimeters. In order 

to study how the environmental levels affected internal harvester dose, a systematic 

evaluation of the five sampling techniques described above was conducted by comparing 

their residue dissipations with time.  The absorbed dose levels were also compared to the 

regulatory levels of concern to determine if the exposures were safe.  

 

MATERIALS AND METHODS  

Field site, pesticide application and sampling periods  

The field studies were performed at commercial strawberry farms in Santa Maria, CA. 

Sample leaf collection sites were identified based on how ripe the berries were, whether 

harvesters were working at the site and when the pesticides were applied. Sites were 

located at least 100 feet from any field service roads to avoid dust. All sites were marked 

using surveyor flags the day before pesticide application and remained in the treated field 

during the entire study.   

 

For the sampling days, day 0 was the day of pesticide application when malathion and 

fenpropathrin were sprayed. Based on pesticide labels, malathion has a 3 day Pre-Harvest 

Interval and fenpropathrin has a 2 day Pre-Harvest Interval. As a result, a three day Pre-

Harvest Interval was observed in all studies, following which the sampling was 

performed. During each study day, harvesters picked berries at the selected study site. 

They then typically moved to an adjacent site to pick more ripe berries and moved back 
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to the original site after 3-4 days depending upon the berry ripeness. In our studies, 

harvesters worked at the same study site throughout the study. Within each study day, 

there were four work periods of 2 to 2.5 hrs.  Consequently, harvesters typically changed 

their gloves four times a day. These studies were not performed as intervention studies as 

harvesters wore rubber latex gloves supplied by the grower for marketing reasons and as 

personal protective equipment. Three separate field studies were conducted as described 

below.  

 

2009 field study  

One study site (180 ft. x 375 ft.) was identified at Rosemary Ranch, DB specialty farms, 

Santa Maria, CA. The leaf sampling grid (Figure 4-1) included 9 sampling sites arranged 

about 60 ft. x 125 ft. apart from one another. Malathion (1 lb./acre), captan (2.5 lb./acre) 

and fenpropathrin (1 lb./acre) were applied as a tank mix on the study site. Captan is a 

dicarboximide fungicide regularly applied on strawberries. Foliar samples and harvester 

glove samples were collected on 3, 6, 16 and 19 study days post pesticide application. 

Glove samples were also collected on study day 9. Foliar samples (for dislodgeable and 

transferable foliar residues) were also collected before day 0 as a pre-spray control 

sample.   

 

2010 field study  

For this study, the leaf sampling grids had 10 sampling sites arranged as the letter “X” 

where each arm had 5 sampling sites each. Two study sites were identified (300 ft. x 500 
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ft.) at Buss Ranch, DB Specialty Farms (Figure 4-2; 4-3) and one study site at (210 ft. x 

275 ft.) at Safari Farms (Figure 4-4), Santa Maria, CA. Malathion (1 lb./acre) and 

fenpropathrin (1 lb./acre) were applied from the same tank mix at both farms. Foliar 

samples and harvester glove samples were collected on 4, 7, 11 and 14 days post 

pesticide application. Glove samples were also collected on day 9. At Safari Farms, the 

collection days were 3, 6, 10 and 13 days post pesticide application.  

 

2011 field study  

Similar to the 2010 study, the leaf sampling grid employed had 10 sampling sites 

arranged as the letter “X” where each arm had 5 sampling sites each. One study site was 

identified (420 ft. x 1700 ft.) at Rosemary Ranch, DB Specialty Farms and one study site 

(1320 ft. x 500 ft.) at Safari Farms, Santa Maria, CA (Figure 4-5 and 4-6).  Malathion (2 

lbs./acre) and Danitol® (1 lb./acre; fenpropathrin) were tank mixed with a spreader-

sticker adjuvant, Kinetic®, and applied by a ground rig at 150 gallons/acre at DB 

Specialty Farms and Safari Farms. In order to measure the effectiveness of the spray 

application, deposition cotton cloth coupons [n=10 cotton cloths (100 cm
2
 surface area) 

secured to aluminum foil] were placed at marked collection sites at both farms before the 

pesticide application. These coupons were collected after 16 hrs post application, placed 

in separate Ziploc® bags and stored at -20 ºC until analysis.   

 

Foliar samples and harvester glove samples for the four work periods were collected on 

study day 4 and 7. Twenty-six harvesters voluntarily consented to participate at each 
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ranch. Signed informed consent forms and a bill of rights required by the University of 

California, Riverside, Human Subjects Institutional Review Board and the California 

Environmental Protection Agency, Department of Pesticide Regulation were obtained 

from each participant. Consented volunteers provided end of shift hand washes and 16 hr 

post shift urine samples.  

  

Dislodgeable Foliar Residue  

Leaf punch sampling technique  

In the 2009 field studies, leaf punch samplers (punch size 5 cm
2
 collected in a 4 oz. jar, 

11325 Series Precision Leaf Sampler, Rabbit Tools USA) were used to collect 40 leaf 

punches at each sample site. These were combined and reported as a single sample. All 

samples were placed in insulated ice coolers containing frozen blue ice and extraction 

procedures were performed within an hour of sampling.  

 

For the extractions, 40 ml of 0.01% Sur-ten solution was added to the 4 oz. collection 

bottle, containing the sample comprised of 40 leaf punches and shaken at high frequency 

on a shaker for 10 min. This process was repeated two more times to get the total volume 

of 120 ml extract which was saved in a 125 ml Nalgene® bottle. A portion of the surface 

extract (50 ml) for each sample was transferred to the separatory funnel and 30 ml of 

ethyl acetate was added. The funnel was moderately shaken for 30 seconds by hand and a 

pinch of sodium chloride was added to increase the separation of aqueous and organic 

layers. Sur-ten solution and ethyl acetate were collected into different containers. The 
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Sur-Ten solution was extracted with ethyl acetate two more times to extract any 

remaining residue. The organic solution was pooled and two teaspoons of sodium sulfate 

was added to remove any excess water. The ethyl acetate extracts were kept cold using 

blue/dry ice and later transported back to UCR.  

 

The extracts were pooled into groups of three using a random number generator to reduce 

bias.  Ethyl acetate extracts were concentrated using rotary evaporation and acetone was 

used to rinse the residues on the flask. The final volume was 3 ml of acetone. The 

samples were immediately sent to Primus labs, Santa Maria, CA for multi residue 

analysis (PAM 242.1) for malathion, malaoxon, captan and fenpropathrin. The amount of 

residue present on the leaves as µg/cm
2
 of leaf surface area was calculated. The Lowest 

Detection Limit (LDL) was 0.001 parts per million (ppm) for malathion, 0.001 ppm for 

malaoxon, and 0.01 ppm for fenpropathrin.  

 

Whole leaf sampling technique   

In 2010 and 2011 field studies, dislodgeable foliar residues were sampled from whole 

leaves using a modified Iwata et al., (1977) procedure. This procedure reduces sample 

handling since the leaves are placed directly into Ziploc® bags during sampling and the 

detergent rinse is performed in the same bag. In comparison to the leaf punch sampling 

technique, this technique allowed sampling of increased leaf surface area (~1200 cm
2
 vs. 

400 cm
2
), had a larger sample size and utilized a single 30 min extraction period. The use 

of whole leaves avoids sampling bias related to the placement of the leaf punch and is not 
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affected by an uneven distribution of residues on the leaf surface.  In 2010 and 2011, one 

leaf 
a
 was taken from each of the ten sampling sites and the ten leaves were pooled into 1 

sample. Five replicate samples were obtained and stored in double bagged Ziploc® bags 

in insulated ice coolers containing frozen blue ice and the extraction procedures were 

performed within an hour of sampling. To each sample, 500 ml of 0.01% Sur-ten solution 

was added and the sample was shaken at high frequency on the shaker for 30 minutes. A 

200 ml, portion of the surface extract for each leaf sample was transferred to the 

separatory funnel and 150 ml of ethyl acetate was added. The funnel was moderately 

shaken for 30 seconds and a pinch of sodium chloride was added to increase the 

separation of aqueous and organic layers. Sur-ten solution and ethyl acetate were 

collected into different containers and the extraction process was repeated with the Sur-

ten solution two more times. The organic solution was pooled (450 ml) and sodium 

sulfate was added to remove excess water.  The samples were immediately sent to Primus 

labs for multi residue analysis (PAM 242.1) as described previously. Whole leaf surface 

areas were measured using a leaf area meter (LI-3000A, LI-COR Biosciences, Lincoln, 

NE).   As above, the Lowest Detection Limit (LDL) was 0.001 parts per million (ppm) 

for malathion, 0.001 ppm for malaoxon and 0.01 ppm for fenpropathrin.  

 

Comparison between the leaf punch and whole leaf sampling techniques  

Both leaf punch and whole leaf sampling techniques were performed at the same time 

and compared to check for significant differences in sampling and residue levels. Five 

                                                        
a
 Each strawberry leaf has three leaflets.  
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individual leaf punch samples and five individual whole leaf samples were collected at 

DB Specialty Farms on study day 5. At each of the 10 sites, 4 punches were taken, and 40 

leaf punches (4 punches x 10 sites) were combined into one leaf punch sample. Leaf 

punches were collected in 4 oz. collection bottles and stored in ice coolers containing 

blue/dry ice. Whole leaves (n=10/sampling site) were also collected in Ziploc® gallon 

bags and stored in ice coolers containing blue/dry ice. The extraction procedures were 

followed as detailed above. A similar sampling was performed at Safari Farms on study 

day 6. The samples were immediately sent to Primus labs for residue analysis (PAM 

242.1). 

 

Transferable Foliar Residues  

In the 2009 study, nine whole leaf samples (3 strawberry leaves/sample) were collected in 

1 gallon Ziploc® bag from each sampling site during selected study days. In the 2010 and 

2011 studies, whole leaves (n=10) were collected with one leaf collected at each 

sampling site on selected study days and these constituted one sample.  Five samples of 

10 leaves each were taken at each study day. For all samples, the leaves were plucked 

gently with minimal contact with the leaf surface and carefully stacked to avoid any 

residue loss. All samples were stored in insulated ice coolers containing frozen blue ice 

and further experimental procedures were performed within an hour of sampling.  

 

Sampling was performed using the Bench top Surface Roller by allowing residues to be 

transferred from treated foliage to cotton cloth. The settings for using the Bench top 
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Surface Roller have been described in Li, (2009). A cotton cloth of 1500 cm
2
 surface area 

was placed over an aluminum foil of similar area. One sample of ten leaves was placed 

on one half of a rectangular cotton cloth (1500 cm
2
) and the other half was folded over 

with the foil. The sample was passed through the Bench top Surface Roller once and the 

cotton cloth with the transferred residues was considered one sample.  

 

In the 2009 field studies, one cycle was performed for one sample. Nine foliar samples 

were collected during each study day. The cotton cloth containing the transferable 

residues was placed in a Ziploc® bag, stored in insulated ice coolers containing blue 

ice/dry ice and transported to UCR. Before extraction, the sampled nine cotton cloths 

were pooled into groups of three using a random number generator. Consequently, three 

combined residue levels were estimated during each study day. In the following studies 

conducted in 2010 and 2011, each sample constituted three cotton cloths (n=10 

leaves/sample). Five samples were collected during each study day. The cotton cloths 

were placed in Ziploc® bags, stored in insulated ice coolers containing blue ice/dry ice 

and transported to UCR.  

 

All cotton cloth samples were extracted for 12 hrs using a soxhlet apparatus. 600 ml ethyl 

acetate was added to 1000 ml round flask with 3-5 boiling chips. The extracts were 

condensed on the rotary evaporator to a final volume of 5 ml ethyl acetate (acetone was 

used in 2009). All samples were stored at -20 ºC prior to analysis. In the 2009 study, the 

samples were analyzed for malathion, captan and fenpropathrin using the GC-MS 
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whereas in 2010 and 2011, the samples were analyzed for only malathion and 

fenpropathrin using the GC-FPD and GC-ECD respectively.  The LOD and LOQ for 

malathion and fenpropathrin have been reported in Chapter 3.  

 

Leaflet area-leaflet weight equation 

Leaflet areas and the corresponding weights from the foliar samples (dislodgeable and 

transferable foliar residue samples) collected during the field studies were used for 

constructing an equation relating leaflet area (cm
2
/ plant) with corresponding leaflet 

weight (gm/plant). Each leaf was comprised of three leaflets. Overall, the total number of 

leaf samples used was 183. The leaflet areas were measured using a leaf area meter (LI-

3000A, LI-COR Biosciences, Lincoln, NE. 

 

In the 2009 field studies, whole strawberry plants (n=20) were randomly collected in 

Buss Ranch, DB Specialty Farms and transported to the lab on frozen blue ice. The 

samples were collected in August during the normal harvesting season. After the plants 

were dried at room temperature, the strawberry leaves, the whole plants and berries were 

weighed using a Mettler PE 3600 Precision Balance.  

 

Pesticide Glove Residues   

In all field studies, harvesters contributed their worn (and normally discarded) rubber 

latex gloves during the day. Harvesters at DB Specialty Farms changed their gloves four 

times a day. These gloves were supplied by the grower as a regular work practice. If 
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harvesters changed or removed gloves for any reason during the work period (for 

example, use of the restroom/toilet, drinking water, torn gloves), the gloves were retained 

and used for the studies.  

 

In the 2009 field studies, ten pairs of gloves were randomly collected from the harvesters 

and placed into separate Ziploc® bags at the end of the work period just before lunch 

break (around 12:00 pm). Gloves were collected on study days: 3, 6, 10, 16 and 19. The 

gloves were labeled, stored in insulated ice coolers with blue ice and transported to UCR.  

The gloves were minced into small pieces to increase the extraction efficiency.  The 

gloves were pooled into groups of three using a random number generator. The glove 

pieces were combined and stored in a gallon-sized Ziploc® bag (doubled to prevent 

leakage). Ethyl acetate (400 ml) was added to the bags which were shaken for 20 min on 

a shaker.  The ethyl acetate was then transferred to a round bottom flask and concentrated 

using a rotary evaporator. Acetone was used to rinse the round bottom flask, centrifuged 

to remove any insoluble material and concentrated using nitrogen evaporator.  Samples 

were suspended in 5 ml acetone and sent to Primus labs for malathion, captan and 

fenpropathrin residue analysis (PAM 242.1).  

  

In the 2010 field studies, ten pairs of gloves were collected from 10 harvesters and placed 

into separate Ziploc® bags at the end of two work periods. The first work period was at 

the end of the early morning shift (around 9:00 am) and the second work period was just 

before lunch break (around 12:00 pm). Studies were conducted on 4, 7, 9, 11 and 14 
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study days after application. In the 2011 field studies, gloves from 26 harvesters were 

collected in quart-sized Ziploc® bags at the end of all four work periods during a given 

study day: early morning (6:30 am-9:00 am), late morning (9:30 am-12:00 pm), early 

afternoon (12:30 pm - 2:30 pm) and late afternoon (2:45 pm - 5:00 pm). These samples 

were collected during two selected study days after application.  Harvester gloves were 

also collected at the late morning work periods for another four selected study days. 

Harvester gloves were stored and minced into small pieces as previously described. Ethyl 

acetate (150 ml) was added to the gloves which were double bagged within quart-sized 

Ziploc® bags to prevent leakage. Glove samples were shaken for 20 min on a shaker 

after which the ethyl acetate was transferred to a round bottom flask and concentrated 

using a rotary evaporator. The flask was carefully air-dried and 5 ml of ethyl acetate was 

added to the flask. The solvent was then transferred to a 7 ml scintillation vial and stored 

at -20 ºC. The samples were analyzed for malathion and fenpropathrin using the GC-FPD 

and GC-ECD, respectively. The LOD and LOQ for malathion and fenpropathrin have 

been reported in Chapter 3.  

 

Human Subject Studies  

As a part of the 2011 study, twenty-six harvesters voluntarily consented to participate at 

each ranch. All consented harvesters were male. Signed informed consent forms were 

obtained from each participant.  All studies were conducted in accordance with approved 

human subject protocols (approved in March 2011) from the University of California, 
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Riverside, Human Subjects Institutional Review Board and the California Environmental 

Protection Agency.  

 

Hand washes  

Hand washes were performed at the end of shift for both groups of harvesters at the end 

of selected two study days after application. Each harvester washed his hands in a 2 

gallon heavy duty, Ziploc® bag containing 1 liter water containing 0.01% Sur-Ten
a
. The 

workers washed their hands with a small hand brush until their hands were determined to 

be clean. The collected hand wash solution was transferred into 1000 ml Nalgene® 

bottles and the samples were sent to Primus Labs within 1 hr of sample collection for 

analysis (PAM 232.4) for malathion, malaoxon and fenpropathrin. The Lowest Detection 

Limit (LDL) was 0.01 ppm for malathion, 0.01 ppm for malaoxon and 0.01 ppm for 

fenpropathrin.  

 

Urine Biomonitoring  

Overnight (16 hr), beginning at the end of shift urine specimens was obtained from both 

groups of consented harvesters during study day 4 and 7. Barehanded harvesters and 

gloved harvesters performed normal work activities during the work day. The barehanded 

harvesters worked for 6.5 hrs/day while the gloved harvesters worked for 9.5 hrs/day. At 

the end of the shift on the study day, the volunteers were provided insulated carriers, 

                                                        
a
 The composition of stock Sur-Ten:  Aerosol


 OT Solution, 75% w/w aqueous, contains sodium dioctyl 

sulfosuccinate (73-75% w/w), ethyl alcohol (6-7% w/w) and alcohol(0.5-1% w/w) and water. Cytec 

Industries Inc.  Fair Lawn, NJ.  One liter of hand wash solution contains 0.1 ml Aerosol


 OT Solution. 
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frozen blue ice, a collection cup, and a 3L container (bottle).  The distribution began at 

the end-of-shift after the hand wash of each study day. Volunteers were instructed to 

collect all urine during after work and overnight hours until they returned to work the 

next day (a 14-16 hr). Each worker was used as his own control for possible dietary and 

environmental pesticide exposure (air, water, dust).  Urine biomarkers including 

malathion-specific (MMA; malathion mono-acid and MDA; malathion di-acids) and 

organophosphorus generic (DMP; dimethyl phosphate, DMTP; dimethylthio phosphate 

and DMDTP; dimethydithiophosphate) metabolites were measured.  Exposure estimates 

were adjusted using urinary creatinine to represent a work day and a 24 hr urine 

collection, and expressed as internal harvester exposure (mg/kg body weight-day).  

 

Residue extraction and analysis 
a
 

Residue extraction was performed twice for each urine sample, extracting MMA and 

MDA as well as extracting the DAPs. In a 50 ml centrifuge tube, 5 ml urine was acidified 

with 6 N hydrochloric acid to make the final pH to be 1. To this sample, sodium chloride 

(sufficient to saturate the aqueous phase) and 10 ml of acetonitrile were added, vortexed 

for 1 min and then centrifuged for 5 min at 5000 rpm. After centrifugation, the 

supernatant was transferred into a round bottom flask and evaporated to about 1 ml at 40 

0
C using a rotary evaporator. The extracts were evaporated to dryness under nitrogen.  

 

                                                        
a
 The urine sample extraction and residue analysis was developed and performed by Li Chen, visiting 

scholar from China Agricultural University at UCR. The data has been shown here to show completeness 

of the human subject studies. 
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MMA and MDA extraction  

Samples were derivatized for 2 hr at 65 
0
C with 2 ml of 10% boron trifluoride-methanol 

solution. Following this, 2 ml of ultrapure water was added and the esters formed were 

extracted by 1 ml of hexane. 0.4 mL of the upper layer was transferred into a vial and 

evaporated to dryness under nitrogen and then re-dissolved in 0.2 ml of ethyl acetate.  

 

Dialkyl phosphates  

To ensure a completely dry residue, 1 ml of acetonitrile was added and the drying step 

was repeated. The extracts were derivatized for 4 hr at 50 
0
C with 0.5 ml of 6% 2,3,4,5,6-

pentafluorobenzyl bromide (PFBBr) acetone solution (v/v) and 0.5 ml of 3% N,N-

diisopropylethylamine (DIPEA) acetone solution (v/v). After derivatization, 2 ml of 

ultrapure water was added and the esters formed were extracted by 1 ml of hexane. 0.4 

mL of the upper layer was transferred into a vial and evaporated to dryness under 

nitrogen and then re-dissolved in 0.2 ml of ethyl acetate. 

 

Residue analysis  

The extracts were then analyzed by gas chromatograph 6890N (Agilent Technologies) 

equipped with a mass spectrometric detector 5973 (Agilent Technologies). The GC-MS 

system was equipped with a DB-1701 capillary column (30 m length × 0.25 mm i.d × 

0.25 μm film thickness) and helium was used as the carrier gas at a flow rate of 1.0 

ml/min. Analysis was carried with injection temperature set at 250 
0
C. The oven 

temperature for MDA and MMA analysis was programmed at 50 
0
C for 1 min, raised at 
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10 
0
C/min to 180 

0
C, then raised at 3 

0
C/min to 240 

0
C, and then raised at 15 

0
C/min to 

260 
0
C in a splitless mode. The oven temperature for DMP, DMTP and DMDTP analysis 

was programmed at 50 
0
C for 1 min, raised at 10 

0
C/min to 180 

0
C, then raised at 3 

0
C/min to 210 

0
C, and then raised at 15 

0
C/min to 260 

0
C and where it was maintained for 

8 min in a splitless mode. Solvent delay was 6.00 min and injection volume was 1 μl. The 

mass spectrometric detector was equipped with a quadrupole analyzer operating in 

electron impact ionization (EI) mode with an ionizing energy of 70 eV. Ion source 

temperature was 230 
0
C, the MS Quad temperature was 150 

0
C and the transfer line 

temperature was 280 
0
C.  

 

Identification/quantification of target analytes was performed in selected ion monitoring 

(SIM) mode. Monitored ions (m/z) of the methyl esters of MAs and the 

pentafluorobenzyl esters of DMPs are detailed with the quantification ion (in italics) 

followed by the identification ions: MDA (145, 125,158), MMA (159, 125,158), DMP 

(306, 110,194), DMTP (322, 110, 211) AND DMDTP (338, 125,157).  The LODs of 

MMA, MDA, DMP, DMTP and DMDTP in urine were 1.5, 3, 0.3, 0.3 and 0.3 parts per 

billion (ppb), respectively. The LOQs of MMA, MDA, DMP, DMTP and DMDTP in 

urine were 5, 10, 1, 1 and 1 ppb, respectively. Urinary creatinine measurements were 

performed by CERF Diagnostics, Inc.  
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RESULTS AND DISCUSSION 

To study malathion and fenpropathrin exposures in harvesters, a series of field studies 

were performed during normal work activities on commercial strawberry farms.   

 

I. Effectiveness of pesticide application 

One goal of our studies was to measure how much pesticide residue was deposited on the 

plants after pesticide application. As shown in Table 4-1, malathion deposition levels 

(23.04 µg/cm
2
) at DB Specialty Farms were similar to the levels measured at Safari 

Farms (27.83 µg/cm
2
). When the residues were measured using the cotton deposition 

coupons, no significant differences were observed using a 2 sample t-test (p-value = 

0.066). Similar results were observed with fenpropathrin levels. This confirmed that both 

farm sites received comparable amounts of pesticides sprayed from the same tank mix. 

The deposited residue levels were compared to the nominal application rates which were 

2 lb./acre (18.4 µg/cm
2
 A.I.) for malathion, and 1 lb./acre (3.5 µg/cm

2
 A.I.) for 

fenpropathrin, respectively. At DB Specialty Farms, the measured malathion and 

fenpropathrin residue levels were 125.4% and 81.8% of the application levels, 

respectively. At Safari Farms, the measured malathion and fenpropathrin residue levels 

were 151.5% and 92.8%, of the desired levels respectively. The deposition levels were 

generally similar to the sprayed amounts, this indicating that the deposition coupons were 

reasonably effective in estimating the amount of residue reaching foliar surfaces.  
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II.  Approaches for estimating harvester exposure assessment  

Five environmental and human subject sampling techniques were performed to estimate 

harvester exposures. The results from each of these is presented and discussed below:  

 

A. Dislodgeable foliar residues  

Total surface pesticide residues were sampled as dislodgeable foliar residues by removing 

the entire leaf surface residue using a detergent rinse. As expected, the highest residue 

levels were obtained during the first study day. 

  

a. 2009 field study  

Leaf punches were sampled on four study days: 3, 6, 16 and 19 after pesticide 

application. On study day 4, the residue levels measured were 0.087 µg/cm
2
 (malathion), 

1.003 µg/cm
2
 (captan) and 0.020 µg/cm

2
 (fenpropathrin) (Table 4-2). As shown in Figure 

4-7, malathion, captan and fenpropathrin residues decayed in a biphasic manner with 

time. Malathion residues decreased from 0.087 µg/cm
2
 to 0.007 µg/cm

2
 over the 19 d 

study period. Since no samples were taken between study days 6 and 16, R
2
 values and 

half- lives were not calculated. Malathion residues estimated on study day 16 and 19 

were virtually non-detectable and decreased at a faster pace than fenpropathrin residues 

which remained at measurable levels through day 19. Captan residues were measurable at 

relatively higher levels until study day 19. These results show that the different pesticides 

decay at different rates, most likely due to their physical and chemical properties as 

discussed in Chapter 3. This particular sampling technique has some disadvantages owing 
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to the possible measurement of absorbed residue since the extracts were green in color 

due to chlorophyll leakage. In order to avoid interference from absorbed residue, 

improved sampling techniques were developed and implemented in 2010 and 2011 field 

studies.  

 

b. 2010 field study  

At DB Specialty farms, foliar samples were collected on 4, 7, 11 and 14 days after 

pesticide application. On study day 4, malathion and fenpropathrin dislodgeable foliar 

residues were 0.248 µg/cm
2
 and 0.023 µg/cm

2
 at DB Specialty Farms (Table 4-3). At 

Safari farms, foliar samples were collected on 3, 6, 10 and 13 days after pesticide 

application. At Safari Farms, malathion and fenpropathrin residue levels were 0.576 

µg/cm
2
 and 0.047 µg/cm

2
 on study day 3 (Table 4-4). Though the same tank mix was 

used at both farms, the recovered malathion and fenpropathrin dislodgeable foliar 

residues at Safari Farms were 2.3 and 2.0 times higher than residues measured at DB 

Specialty Farms. This may be due to the rapid dissipation of malathion residues between 

days 3-4. Other possible reasons for varying residue levels may be due to earlier sample 

collection, differences in plant growth and age, different irrigation techniques and work 

practices. Malaoxon levels were highest during study day 4 and were 0.13 µg/cm
2
 and 

0.016 µg/cm
2 

at DB specialty farms and Safari farms.  

 

As shown in Figure 4-8, malathion (R
2
=0.78) and fenpropathrin (R

2
=0.76) residues 

decayed in a biphasic manner with time at DB Specialty Farms. For example, malathion 
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residues decayed from 0.248 µg/cm
2
 on study day 4 to 0.003 µg/cm

2
 by study day 14, a 

99% decrease. The half-lives for the first dissipation phase were approximately 1.5 d for 

malathion and 4.0 d for fenpropathrin. At Safari Farms, malathion (R
2
=0.84) and 

fenpropathrin (R
2
=0.72) residues decayed in a biphasic manner with time. For example, 

malathion residues decayed from 0.576 µg/cm
2
 on study day 3 to 0.012 µg/cm

2
 by study 

day 13, a 98% decrease. Corresponding t½s for the first dissipation phase were 

approximately 1.5 d for malathion and 3.0 d for fenpropathrin.  

 

c. 2011 field study  

Sampling was performed on study day 4 and 7. On study day 4, malathion and 

fenpropathrin dislodgeable foliar residues were 0.238 µg/cm
2
 and 0.026 µg/cm

2
, 

respectively, at DB Specialty Farms (Table 4-5). As shown in Figure 4-9, both malathion 

and fenpropathrin residues decreased by 90% by study day 7. At Safari Farms, malathion 

and fenpropathrin dislodgeable foliar residues were 0.146 µg/cm
2
 and 0.024 µg/cm

2 
on 

study day 4 (Figure not shown). The residue levels were not significantly different 

between both farms (2-sample t-test; p-value > 0.05) and allowed the harvester exposures 

to be compared under similar environmental conditions. Also, it should be noted that the 

dislodgeable foliar residues were only 1.03% (malathion) and 0.92% (fenpropathrin) of 

the spray residues collected on the cotton cloths. The remaining residue may have 

undergone degradation due to photolysis, moisture and/or temperature, present on/in the 

soil and irrigation runoff water. Smaller amounts may have been absorbed by the foliage.   
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Comparison between leaf punch and whole leaf sampling techniques   

In 2011, leaf punch and whole leaf sampling techniques for estimating dislodgeable foliar 

residues were evaluated and compared (Table 4-6). This study was performed at both 

farms. With the exception of fenpropathrin at DB farms, no significant differences were 

seen in comparing the two techniques (2 sample t-test; p-value > 0.05). This allows us to 

use of the whole leaf technique which has more advantages than the traditional method. 

Interestingly, fenpropathrin leaf punch residues were significantly higher than whole leaf 

residues at DB Specialty Farms. This result is similar to earlier studies where only 40% 

of fenpropathrin surface residues remained on orange leaf surfaces and the rest had been 

absorbed (FAO, 1993). Absorption into the leaves may also explain the observed 

differences between the whole leaf to leaf punch residues seen with fenpropathrin. 

 

Pooled results  

For each of the field studies conducted in 2009, 2010 and 2011, dislodgeable foliar 

residue dissipation values were plotted as a function of time. Considerable variability was 

seen between the results obtained from year to year. As shown in Figure 4-10 a-b, when 

normalized, the results were quite similar from year to year. Over the course of the 20 d 

study day periods, biphasic curves were seen for malathion dislodgeable residues 

(R
2
=0.53) and fenpropathrin dislodgeable residues (R

2
=0.21) for each study. The half-life 

of the first phase for malathion and fenpropathrin decay from the three studies were 

approximately 2.0 d and 2.3 d, respectively. Typically dislodgeable foliar residues were 
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non-detectable by the end of 2 weeks for both malathion and fenpropathrin. This 

confirms that the potential for harvester exposures reduces with time.  

 

B. Transferable Foliar Residues  

Available foliar residues were sampled as transferable foliar residues, which represent the 

portion of the surface foliar residues transferred from treated foliage to cotton cloth in a 

physical contact transfer process. As expected, the highest residue levels were seen on the 

first sampling day and residues decayed as a function of sampling time.  

 

a. 2009 field study  

Sampling was performed on four study days: 3, 6, 16 and 19 after pesticide application. 

On study day 4, the transferable foliar residues at DB Specialty Farms were 0.06 µg/cm
2
 

(malathion); 0.07 µg/cm
2
 (captan) and 0.002 µg/cm

2
 (fenpropathrin) (Table 4-7). As 

shown in Figure 4-11, all residues decayed with time. The malathion residues decayed 

from 0.06 µg/cm
2 

to 0.00006 µg/cm
2
 over the 19 day study period. Malathion residues 

estimated on study days 16 and 19 were virtually non-detectable and over the 19 day 

period, reduced at a faster pace than fenpropathrin residues which persisted through day 

19. Captan residues were still measurable at day 21, but were detected at low levels. 

Because of the low levels, three samples were pooled together, so that lower residue 

levels could be measured reliably. The sampling techniques were modified in the 2010 

and 2011 field studies to include larger sample sizes which were representative of the 

whole study site.   
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b. 2010 field study  

At DB Specialty farms, foliar samples were collected on 4, 7, 11 and 14 days after 

pesticide application. On study day 4, malathion and fenpropathrin transferable foliar 

residues were 0.009 µg/cm
2
 and 0.003 µg/cm

2
, respectively, at DB Specialty Farms 

(Table 4-8). At Safari farms, foliar samples were collected on 3, 6, 10 and 13 days after 

pesticide application. Malathion and fenpropathrin residue levels were 0.031 µg/cm
2
 and 

0.011 µg/cm
2
 on study day 4 at Safari Farms, (Table 4-9). Though the same tank mix was 

used at both farms, malathion and fenpropathrin residues at Safari Farms were 3.4 and 

3.7 times higher than the residues measured at DB Specialty Farms. This observation 

may be due to rapid dissipation occurring between days 3-4. The first samples were 

collected at day 3 at Safari Farms and at day 4 at DB Specialty Farms. These also reflect 

the higher dislodgeable foliar residues recorded at the Safari Farms study site than the DB 

Specialty Farms study site.  

 

As shown in Figure 4-12, malathion (R
2
=0.73) and fenpropathrin (R

2
=0.65) residues 

were seen to decay with time in a biphasic manner. For example, malathion residues 

decayed from 0.009 µg/cm
2
 to 0.001 µg/cm

2
 over 4-14 days. Corresponding t½s for the 

first decay phase were approximately 2.0 d for malathion and 2.0 d for fenpropathrin. At 

Safari Farms, malathion (R
2
=0.50) and fenpropathrin (R

2
=0.83) residues decayed in a 

biphasic manner with time. In this case, the malathion residues decayed from 0.0031 

µg/cm
2
 to 0.0014 µg/cm

2
 over days 3 to 13. Corresponding t½s for the first decay phase 

were approximately 2.0 d for malathion and 3.0 d for fenpropathrin.  
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c. 2011 field study  

Sampling was performed during the study day 4 and 7 after pesticide application. On 

study day 4, malathion and fenpropathrin transferable foliar residues at DB Specialty 

Farms were 0.029 µg/cm
2
 and 0.022 µg/cm

2 
respectively (Table 4-10). As shown in 

Figure 4-13, both malathion and fenpropathrin residues decayed by approximately 90% 

by study day 7. At Safari Farms, malathion and fenpropathrin transferable foliar residues 

were 0.021 µg/cm
2
 and 0.011 µg/cm

2 
on study day 4. The malathion residue levels were 

not significantly different between both farms (2-sample t-test; p-value > 0.05). Our 

results indicate that the malathion residues are transferred at similar amounts when 

dislodgeable foliar residue levels are comparable. However, fenpropathrin was observed 

to transfer at different rates between both farms. This may be attributed to the reduced 

hydrophilic nature of this compound, combined with possible differences in irrigation 

techniques between both farms.  

 

Leaf surface residue availability  

The availability of foliar surface residues for contact transfer can be estimated using the 

(transferable foliar residue)/(dislodgeable foliar residue) ratio. Available foliar residues 

sampled as transferable foliar residues were 11% (malathion) and 24% (fenpropathrin) of 

the dislodgeable foliar residue. This indicates that available foliar residues sampled using 

a physical contact transfer process account for less than 25% of the total residues present 

on sprayed foliar surfaces. This technique may be related to actual exposure since it 
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stimulates the transfer of surface residue directly from leaves in a direct and simple 

manner. 

 

Pooled results  

For the field studies conducted in 2009, 2010 and 2011, dissipation of the normalized 

transferable foliar residues has been plotted as a function of time. As shown in Figure 4-

14 a-b, over the course of 19 d study periods, combined biphasic dissipation of malathion 

(R
2
=0.78) and fenpropathrin transferable foliar residues (R

2
=0.45) was observed. 

Considerable variability was seen from year to year, which might be attributed to new 

field irrigation techniques and differences in weather conditions. The normalized reasons 

were similar from year to year. The half-life of the first decay phase of malathion and 

fenpropathrin decay from the three studies were approximately 2.8 d and 3.0 d, 

respectively.   

 

Leaflet weight – area relationship based on foliar area measurements 

Leaflet areas and corresponding weights were measured for 183 leaf samples (1 sample 

was comprised of 10 leaves each containing 3 leaflets) collected in 2009, 2010 and 2011.  

From these samples, the relationship between leaf area and weight was determined 

resulting in the following equation: log [area] = 2.32 + 0.54 (log [weight]). The 

corresponding R
2
 was 0.56.  
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When whole strawberry plants (n=20) were weighed gravimetrically for each plant 

component, a linear relationship between leaflet area and leaflet weight was estimated at 

R
2
=0.93. The average single-side leaflet area/plant was 5180 cm

2
/plant with an average 

leaflet weight of 402 g/plant, average berry weight of 137 g/plant and average plant 

weight of 591 g (Table 4-11). The high correlation (R=0.96) allows a simple estimation of 

leaflet area using the leaflet weights. Since leaf areas are important in estimating surface 

residues present per unit area, the equation was tested by collecting 30 leaf samples 

which had a total of 900 leaflets. The correlation between measured and calculated areas 

was R=0.99. This allows the use of this equation when foliar surface area measurements 

are not available.  

  

C. Pesticide Glove Residues  

When gloved harvesters pick berries in treated fields, residues are transferred to 

harvesters by means of hand contact with foliage. Residues accumulating on gloves in 

any work period can be measured as pesticide glove residues and are dependent on the 

extent of contact with foliage, the work period and the elapsed time since application. 

The results and discussion of our glove residue studies is presented below.   

 

a. 2009 field study  

Harvester gloves were collected before the noon break on five study days: 3, 6, 9, 16 and 

19, after pesticide application. The gloves were worn from 9:30 am to 12:00 pm during 

these study days. The pesticide glove residues were 487.2 µg/pair (malathion), 4705.2 



 

171 

 

 

µg/pair (captan) and 286.9 µg/pair (fenpropathrin) at DB Specialty Farms (Table 4-12). 

As shown in Figure 4-15, all residues decayed with time. Malathion glove residues 

decayed in a variable manner from 487.2 µg/pair on study day 4 to 41.4 µg/pair on study 

day 19. Malathion pesticide glove residues reduced at a faster pace than fenpropathrin 

pesticide glove residues as much lower residues were detected at day 19. Captan pesticide 

glove residues were still measurable at high levels on study day 19. Three glove samples 

were pooled and an average pesticide glove residue value in µg/pair was calculated. 

These results show that different pesticides decay at different rates, in a similar manner to 

the dislodgeable foliar residue decay rates.  

 

b. 2010 field study  

Harvester glove samples were collected on 4, 7, 9, 11 and 14 days post pesticide 

application. During these study days, ten individual glove samples were collected from 

strawberry harvesters before their morning break (6:30 am to 9:00 am) and before their 

lunch break (9:30 am to 12:00 pm). On study day 4, malathion and fenpropathrin glove 

residues were 1757.3 µg/pair and 903.7 µg/pair during the late morning work period 

(Table 4-13). The malathion residues decayed from 1757.3 µg/pair on study day 4 to 

146.2 µg/pair by study day 14. As shown in Figure 4-16a-b, malathion (R
2
=0.38) and 

fenpropathrin (R
2
=0.069) residues were pooled for both work periods and they decayed 

in a biphasic manner with time. The half-lives for the first decay phase were 

approximately 2.5 d for malathion and 5.0 d for fenpropathrin glove residues.  
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No significant differences were observed between malathion and fenpropathrin pesticide 

glove residue levels measured in the morning and noon work periods (2 sample t-tests; p-

value > 0.05) as high variability in the recovered residues were seen. Possible reasons for 

this may be differences in worker activity, moisture and humidity levels in the 

environment. Interestingly, these results differ from our earlier results by Li, 2009 and 

Zhang, 2005, and also results from our 2011 field studies where moisture and morning 

dew during the morning work periods resulted in increased residue accumulation.  

 

c. 2011 field study  

Sampling was performed on study days 4, 7, 11, 14, 18 and 21 after pesticide application. 

At DB Specialty Farms, 26 gloved harvesters gave consent to provide their gloves all 

throughout the work day before disposal. On every study day, there were four work 

periods: early morning (6:30 am to 9 am), late morning (9:15 am to 11:45 am), early 

afternoon (12:15 pm to 2:45 pm) and late afternoon (3:00 pm to 5:30 pm). Glove samples 

were collected for all four work periods for day 4 and day 7 and at late morning only for 

the remaining four study days 11, 14, 17 and 21. The daylong accumulation of pesticide 

glove residues was the sum of the glove residues collected after each of the four 2-2.5 hr 

work periods during both study days.  

 

On study day 4, gloves accumulated malathion and fenpropathrin surface foliar residues 

at all four work periods at DB Specialty Farms (Table 4-14). For malathion, early 

morning work periods accounted for 29% of daylong pesticide glove residues, and the late 
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morning, early afternoon and late afternoon contributed to 22%, 33% and 16% of the 

total, respectively. As shown in Figure 4-17, early morning and early afternoon malathion 

glove residues were higher than malathion residues measured at late morning and late 

afternoon periods. For example, average malathion early morning glove residues was 

4037.2 µg/pair, which was 31% higher in comparison to late morning glove residues 

which was 3080.2 µg/pair. Somewhat different measurements were seen for 

fenpropathrin glove residues as shown in Table 4-15 and Figure 4-18. For fenpropathrin, 

the early morning work periods accounted for 50% of daylong pesticide glove residues, 

and late morning, early afternoon and late afternoon work periods were 13%, 24% and 

14% respectively. These residue levels seen in the early morning sample were largely 

driven by five workers with high residue levels.  

 

Measurements were done on study day 7 for both malathion and fenpropathrin glove 

residues and are tabulated in Table 4-16 and Table 4-17. On days 4 and 7, malathion and 

fenpropathrin pesticide glove residues sampled in the early morning work periods were 

significantly higher (paired t-test; p-value < 0.05) than pesticide glove residues sampled 

at late morning periods. These results were comparable to earlier results when moisture 

and dew in the early morning work periods increased residue accumulation on rubber 

latex gloves.   

 

Harvester gloves were collected for the late morning periods for six study days and 

accumulated residues were measured (Table 4-18 and Table 4-19). On study day 4, 
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malathion and fenpropathrin pesticide glove residues were 3080 µg/pair and 1029 µg/pair 

on study day 4. As shown in Figure 4-19, malathion glove residues (R
2 

=0.70) dissipated 

in a biphasic manner with time and decayed from 3080.2 µg/pair on study day 4 to 40.8 

µg/pair on study day 21. Similarly, fenpropathrin glove residues (R
2 

=0.35) dissipated in 

a biphasic manner with time. Corresponding t½s for the first decay phase were 

approximately 4.0 d for malathion and 5.0 d for fenpropathrin.  

 

 The relationship of dislodgeable foliar residue and pesticide glove residue represents the 

degree of association between total surface residue (external exposure estimate) and 

glove accumulation (hand exposure estimate). A high correlation (R=0.84) was observed 

for malathion, but lower correlation (R=0.57) were observed for fenpropathrin. This 

indicates that glove residues are correlated with the surface residues present on foliar 

surfaces, but the correlation differs for different chemicals (Brouwer et al., 1992).  It 

appears that at given surface residue levels, lower amounts of fenpropathrin were  

transferred to the gloves probably due to the increased lipophilicity and partitioning of 

fenpropathrin on the leaves than malathion. 

 

Pooled results  

For all field studies conducted in 2009, 2010 and 2011, pesticide glove residue 

dissipation has been plotted as a function of time. As shown in Figure 4-20 a-b, over the 

course of 19 d study periods, the combined biphasic dissipation of malathion (R
2
=0.68) 

and fenpropathrin glove residues (R
2
=0.28) was observed. The half-life of the first phase 
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of malathion and fenpropathrin decay from the three studies were approximately 2.7 d 

and 4.8 d, respectively. These results are consistent when surface foliar residues were 

sampled as dislodgeable and transferable foliar residues.   

  

D. Hand washes   

Hand washes were performed to estimate pesticide residues present on hands of 

harvesters (both barehanded and gloved) at the end of the shift. These studies were 

performed with consented harvesters during 2011 field studies. On study days 4 and 7, 

barehanded harvesters had more hand residue than gloved harvesters (Tables 4-20, 4-21, 

4-22 and 4-23). For example, barehanded and gloved harvesters had malathion exposures 

of 358.2 µg/person-day and 33.5 µg/person-day, respectively, on study day 4. As shown 

in Figure 4-21, hand residues for gloved harvesters were substantially reduced to non-

detectable levels with one exception, by study day 7. Similarly, the malathion hand 

residue reduced by 93% to 26.0 µg/person-day for barehanded harvesters by study day 7 

(Figure 4-22).  

 

The effectiveness of rubber latex gloves as a protective barrier to pesticide exposure was 

tested by comparing the hand wash residues in both harvester groups. On study day 4, 

barehanded harvesters had nine times more malathion and fenpropathrin hand residues 

higher than those in gloved harvesters. By comparing hand wash residues and evening 

glove (which are the end-of-shift) residues, the residue penetration in gloved harvesters 

was determined to be only 1.5% and 2% for malathion and fenpropathrin, respectively. 
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This indicates that there is little to no breakthrough of either pesticide residues through 

the rubber latex gloves during harvesting.  

 

E. Urine biomonitoring 

Urine pesticide biomarkers were measured by obtaining overnight urine specimens from 

barehanded and gloved harvesters on study days 4 and 7. The absorbed dose was 

estimated by measuring the urine biomarkers that were rapidly excreted after exposure.  

Malathion urinary biomarkers (malathion mono and di-carboxylic acid, dimethyl 

phosphate, dimethyl thiophosphate, dimethyl dithiophosphate) were used to reconstruct 

the malathion dose which is a measure of the internal aggregate harvester exposure. 

 

The urinary excretion of malathion metabolites was studied and compared between the 

two study groups. Gloved harvesters worked for longer hours (9.5 hrs) than barehanded 

harvesters who worked for 6.5 hrs. To adjust for this, the average metabolite values 

(nmol/g.creatinine) were divided by the hours worked. On study day 4, gloved harvesters 

excreted 40.72 nmol/g.creatinine-hr worked of malathion acids and 15.05 

nmol/g.creatinine-hr worked of the dialkyl phosphates in their urine (Table 4-24). 

Malathion mono and di-carboxylic acids comprised of 73% and dialkyl phosphates were 

27% of the total, respectively. The barehanded harvesters excreted 28.32 

nmol/g.creatinine-hr worked of malathion acids and 16.38 nmol/g.creatinine-hr worked in 

their urine (Table 4-25). Malathion mono and di-carboxylic acids were 63% and dialkyl 
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phosphates were 37% of the totals, respectively. The metabolite proportions were similar 

for the barehanded and gloved harvesters.  

 

The urine metabolites of the two study populations were not normally distributed based 

on the Anderson-Darling test for normality. Hence, median values were used to 

understand how metabolite levels decline with time. However, as indicated above the 

gloved harvesters worked for longer hours (9.5 hrs) than barehanded harvesters who 

worked for 6.5 hrs. So the median values (nmol/g.creatinine) were divided by the hours 

worked. The total median malathion dose excreted was 28.5 nmol/g.creatinine-day- hr 

worked and 40.2 nmol/g.creatinine-hr worked, for gloved and barehanded harvesters 

respectively. Barehanded harvesters had higher exposures than gloved harvesters. 

However, the biomarkers in the gloved harvesters’ urine were still greater than expected 

considering that they had an extra protective layer of rubber latex gloves on their hands. 

According to the available information, both groups had not been previously exposed to 

malathion before this study. So the reason for the higher than expected malathion 

metabolites in the urine of the gloved harvesters may be due to other sources of exposure 

(see discussion below). 

 

On study day 7, gloved and barehanded harvesters excreted 16.24 nmol/g.creatinine-hr 

worked and 27.12 nmol/g.creatinine-hr worked of the total malathion dose respectively; a 

43% and 33% corresponding reduction from study day 4 (Table 4-26 and Table 4-27). 

This decline in malathion biomarkers is illustrated in Figure 4-23 and Figure 4-24.  
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II. Calculation of pesticide exposure in harvesters  

The one objective of our study was to calculate harvester exposures to pesticides under 

normal working conditions. External exposures were calculated based on the 

dislodgeable foliar residue measurements and internal exposures were calculated using 

the metabolite levels measured in the urine.  

 

External exposure based on the Zweig-Popendorf equation 

As discussed earlier, the potential dermal harvester exposures were calculated on the 

Zweig-Popendorf equation:  

Potential dermal exposure (µg/person-day) = Dislodgeable foliar residues (µg/cm
2
) x 

Hours worked (hr) x Transfer coefficient (cm
2
/hr)  

 

For malathion, potential external exposures were 1044 µg/person-day, 2976 µg/person-

day and 3391.5 µg/person-day on study day 4 for the 2009, 2010 and 2011 studies, 

respectively (Table 4-28). Similarly, for fenpropathrin, the corresponding external 

exposures ranged from 240 µg/person-day to 370.5 µg/person-day in 2009, 2010 and 

2011 field studies. The external transfer coefficient used was 1500 cm
2
/hr for strawberry 

harvesters (USEPA, 2009). To calculate internal exposures or absorbed dose, a default 

absorption factor of 10% and 70 kg-body weight/harvester were used. The calculated 

malathion internal doses for 2009, 2010 and 2011 were 0.001 mg/kg-day, 0.004 mg/kg-

day and 0.005 mg/kg-day respectively. Corresponding calculated fenpropathrin internal 
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doses were 0.0003 mg/kg-day, 0.0004 mg/kg-day and 0.0005 mg/kg-day. These values 

were lower by one magnitude than malathion.   

 

Internal exposure based on urine biomonitoring  

Using the urine biomarkers excreted by harvesters, the absorbed dose for both harvester 

groups was calculated by the equation:   

*Creatinine is abbreviated as Cn. 

X nmol/g creatinine-day    - Malathion reconstructed from the five non-toxic malathion 

metabolites (malathion monoacids, malathion carboxylic 

acid, dimethyl phosphate, dimethyl thiophosphate, dimethyl 

dithiophosphate) 

1.7 g creatinine/day           - The average default value for daily creatinine excretion for 

an adult male is 1.7 g creatinine/day.  

330.4 ng/nmol                 -  The molecular weight of malathion  

Harvester weight (kg)      -   Individual harvester weights were measured  

 

Using this method, the median absorbed dose on study day 4 was 0.0023 mg/kg-day and 

0.0019 mg/kg-day for the gloved and barehanded harvesters (Tables 4-29, 4-30, 4-31 and 

4-32). By study day 7, the median absorbed dose reduced to 0.0012 mg/kg-day and 

Absorbed dose = 

(mg/kg-day)   

X nmol/g.Cn.-day x 1.7 g Cn./day x 330.4 ng/nmol malathion  

Harvester weight (kg) x  1000 ng/µg  x 1000 µg/mg 
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0.0013 mg/kg-day for gloved and barehanded harvesters, respectively. This reflected a 

reduction in the exposures by 48% and 32% for gloved and barehanded harvesters, 

respectively.  

 

For malathion, The NOAEL is 0.23 mg/kg-day and LOAEL is 0.34 mg/kg-day (USEPA, 

2012b). Based on our residue levels and calculations, the exposures of both gloved and 

barehanded harvesters were about 100 times lower (less than 0.005 mg malathion/kg-day) 

than the regulatory levels of concern. The malathion reference dose (RfD) is 0.02 mg/kg-

day. The absorbed dose is about 10 times lower for both gloved and barehanded 

harvesters than the RfD.  This indicates that most harvesters have very low level 

malathion exposures and at these application rates employed, it is safe for the harvester to 

perform regular work activities.  

 

III. Estimating glove transfer coefficients for studying harvester hand exposure 

Using the Zweig-Popendorf relationship, transfer coefficients were developed to predict 

harvester pesticide external exposures in a simple manner (Dong et al., 1991). This is 

particularly useful when urine/blood monitoring is not possible to estimate absorbed 

dose. Given the importance of hands in harvester exposures, gloves are useful dosimeters 

for continual measurement of dermal exposure. During normal work activity, the amounts 

of residue transferred to harvester hands are dependent upon the dislodgeable foliar 

residues present on foliar surfaces. Hence constructing a glove transfer coefficient 

(TCglove; cm
2
/hr) would represent the residue transferred from foliage to hands during 
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harvesting (Sankaran et al., 2012). An empirical expression representing the availability 

of surface residues to the hand during strawberry harvesting has been formulated:  

 

Pesticide glove residues (µg/day) = dislodgeable foliar residues (µg/cm
2
) x Hours worked 

/day x TCglove (cm
2
/hr)  

 

Based on our studies conducted in 2010 and 2011 (Table 4-33), TCglove increased by 

500% for malathion and 112% for fenpropathrin when the corresponding dislodgeable 

foliar residues had dissipated by 99% for malathion and 87% for fenpropathrin between 

the Pre-Harvest Interval and 14 days post application. As shown in Figure 4-25, an 

increase in TCglove was associated with a corresponding decrease in dislodgeable foliar 

residues by the end of 14 days with R
2
=0.80 for malathion and R

2
=0.45. Hence the 

TCglove is not constant during the different harvest periods. A lower TCglove at a given 

harvest represents more residue being transferred relative to a higher TCglove.  The data 

shows that dislodgeable foliar residues decay more rapidly than the residues accumulated 

on gloves. Since TCglove is not constant for all study days, estimating potential dermal 

exposure using a single empirical value for TCglove determined at the first study day (or 

Pre-Harvest Interval) may lead to misleading exposure estimates during later harvests.   

 

IV. Contribution of hands to total harvester pesticide exposure 

Gloved and barehanded harvester exposures were used to measure the contribution of 

hands to the total harvester exposure. However there were significant differences between 
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the two groups. Both groups of harvesters worked on two different farms. The 

barehanded harvesters worked 6.5 hrs while gloved harvesters worked for 9.5 hrs. The 

dislodgeable foliar residues measured also differed between for the two farms. In 

addition, only one group of harvesters wore rubber latex gloves. Since the urine 

biomarkers were not normally distributed, we used the median values to calculate 

differences between two population profiles.  

 

In order to calculate the amount of hand exposure contributing to the total exposure, the 

differences between the two groups were considered. The internal exposures were 

corrected for the differences in external exposure of the two harvester groups by dividing 

the internal exposure estimates by the respective external exposures for each harvester. 

This allowed the effective comparison of both groups. The corrected internal 

exposure/external exposure (median value) was 0.045 for gloved harvesters and 0.10 for 

barehanded harvesters on study day 4. Those data indicated that the gloved harvesters had 

a lower internal exposure for one unit of external exposure than the barehanded 

harvesters.  

 

The two groups (gloved harvesters = 26, barehanded harvesters = 27) were subjected to 

the Mann-Whitney non-parametric statistical test. A significant difference was observed 

between gloved and barehanded harvesters at the Pre-Harvest Interval (p-value =0.0060). 

Using the medians obtained from the Mann-Whitney test (gloved harvesters = 0.045, 
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barehanded harvesters = 0.10), the hands were estimated to contribute 55% to the total 

harvester exposure.  

 

Percentage contributed by hands (%) = (Median Barehanded – Median Gloved)× 100% 

Median Barehanded  

Though the absorbed dose was not very different for both groups, we estimated the 

gloved harvesters had an increased protection factor of approximately 45% (100%-55%) 

than the barehanded harvesters when work time and foliar residues are considered. Using 

measurements obtained on study day 7, a significant difference was observed between 

gloved and barehanded harvesters (p-value =0.0017) calculated using the medians 

obtained from the Mann-Whitney test (gloved harvesters = 0.22, barehanded harvesters = 

0.50). A glove protection factor of 56% was observed. It is noteworthy that the calculated 

absorbed doses for both groups of harvesters was less than 0.005 mg/kg-day, and that the 

glove protection factor of approximately 45% could be seen for both study days. Our 

glove protection factor is similar to the 38% reduction of absorbed dose in gloved 

strawberry harvesters working in captan treated fields that has been previously reported 

(Krieger and Dinoff, 2000). Our results show that rubber latex gloves are an effective 

protective barrier in reducing pesticide exposure to harvesters.  

 

V. Relevance and significance for the agricultural work place 

An important objective was to investigate the residue dissipation as a function of time 

with different sampling techniques for studying exposures. Human subject studies were 
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conducted with barehanded harvesters and gloved harvesters performing normal work 

activities during the work day. During these studies, malathion and fenpropathrin residues 

dissipated much more rapidly between the study day 4 and study day 7 after pesticide 

application than the excreted urine metabolites.  In the farms where gloved harvesters 

worked, malathion dislodgeable foliar residues declined from 0.238 µg/cm
2
 to 0.027 

µg/cm
2
, a 90% decrease. Similarly, the malathion transferable foliar residues (90%) and 

pesticide glove residues (75%) dissipated in a rapid manner. The residue levels in the 

hand washes also decayed by 85% by the end of study day 7. Hence, a 90% decline in 

biomarker excretion was predicted based upon these predicted exposures. However, 

estimated gloved harvester malathion exposures declined from 900.6 nmol/g.creatinine to 

512.1 nmol/g.creatinine based upon analysis of five urine biomarkers in the 16-hour urine 

specimens. This sustained excretion (43%) of relatively similar levels of pesticide 

biomarkers was greater than expected (Table 4-34).   

 

Similar results were also seen for barehanded harvesters. Malathion dislodgeable foliar 

residues declined by 65% by the end of study day 7.  Likewise, the malathion transferable 

foliar residues (85%) and hand wash residues (92%) also dissipated in a rapid manner. 

During the same interval the excretion of malathion biomarkers declined only 33%. 

These results suggest that pesticide breakdown products may be formed and dermally 

absorbed during harvest.   
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In previous field studies at UCR, the formation and persistence of the degradation 

products in strawberries and within homogenates of treated foliage was demonstrated (Li, 

2009).  The analyses of dislodgeable foliar residues and leaf homogenates showed that 

about 50% of the total leaf malathion was on the surface. As time progressed, increasing 

amounts of malathion-derived metabolites (nmoles/g leaf) were measured in 

homogenates (Figure 4-26). The metabolites in homogenates cannot be entirely attributed 

to the leaf surface and only an unknown portion would be available for contact transfer to 

workers.  The persistence of the residues in berries indicates that the metabolites are more 

persistent than the parent insecticide and may inflate dietary exposure estimates (Chen et 

al., 2011, Krieger and Ross, 1993, Zhang et al., 2008). 

 

Improved exposure estimates based upon actual residues transferred to harvesters rather 

than on potential exposures based upon detergent rinses of the parent insecticide from 

leaves should result in better estimates of exposure and better represent worker 

experience. Since the malathion degradation products and metabolites are the same 

species, malathion metabolites found on leaf surfaces, rubber latex gloves and hand 

washes will contribute to the biomarkers found in the harvester urine post dermal 

absorption and result in an overestimation of aggregate harvester malathion exposure 

itself. If pesticide derivatives that are potential urine biomarkers persist longer than the 

parent insecticide on treated plants and they are bioavailable, their absorption and 

excretion may confound harvester exposure reconstruction for risk assessment purposes 

(Krieger et al., 2012).  These results suggest that surface derivatives may last longer than 
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parent residues on foliar surfaces and clarification of the residue distribution of malathion 

metabolites or degradation products on leaves will be an important objective for future 

studies.  

 

CONCLUSIONS 

Several studies have been conducted studying pesticide exposures to harvesters. 

However, the importance of residue transfer from foliage to harvester has not been 

investigated in detail. Most studies were also conducted mostly at the Pre-Harvest 

interval when the exposure potential was highest. However, the exposures experienced by 

harvesters are low level, over extended periods which have not been addressed in a 

systematic manner until now.  

 

The main objectives of our study were to investigate pesticide exposures to harvesters 

and the effectiveness of rubber latex gloves as sampling dosimeters. Environmental data 

from the validated dislodgeable foliar residue technique showed that malathion residues 

decayed by 90% by the end of study day 7 and 98% by the end of 2 weeks. Since the 

transfer process is important, transferable foliar residues were also sampled directly from 

foliage. Just like the dislodgeable foliar residues, these residues also decayed by 90% by 

study day 7. Both techniques showed the rapid dissipation of parent insecticides with 

time. When gloved harvesters picked treated fruit, they accumulated pesticide residues on 

their gloves. Sampled residues dissipated rapidly by 75% by the end of study day 7. 

Though this decline is slightly slower than the foliar residues, they also reached stable 
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low levels. The glove residues also correlated well with the standard dislodgeable foliar 

residue measurements, indicating that they are a good method to sample residues 

effectively. Hand washes were used to examine residue levels on the harvester hands, and 

these residue levels also decayed by 90% by study day 7.  

 

Urine biomonitoring from barehanded and gloved harvesters showed that the malathion 

absorbed doses are generally quite low and below levels of concern (less than 0.005 

mg/kg-day). However, the decline was only 43% in gloved harvesters and 33% in 

barehanded harvesters, which is slower and sustained than expected. Our results indicate 

that there may be other sources of exposure such as malathion/degradation products 

residing on foliar surfaces after decay. Recent studies show that these metabolites are 

indeed present on foliar surfaces and even on harvester gloves who picked treated fruit 

(data not shown). Our absorbed dose measurements indicate a relatively slow decline of 

urine biomarkers.  However, the presence of these biomarkers should not be interpreted 

as an indication of a health risk as they are non-toxic in nature.   
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Table 4-1: Estimation of pesticide spray (µg/cm
2
) measured on foliar surfaces 

 using deposition cotton coupons (2011 field study)  

 

1) Deposition cotton cloth coupons (n=10) were placed at marked collection sites at 

both farms before pesticide application.  

2) These coupons were collected after 16 hrs post application and analyzed for 

malathion and fenpropathrin residue.  

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation; CV) (shown in bold). 

4) ND – not detected  

Sampling 

site 

number 

Malathion Fenpropathrin 

DB Specialty 

farms 

Safari 

farms 

DB Specialty 

farms 

Safari 

farms 

1 ND 19.91 ND 2.41 

2 20.22 26.14 1.52 1.98 

3 24.56 19.47 1.77 1.44 

4 26.66 33.36 1.9 2.47 

5 NS 36.23 NS 2.18 

6 17.28 25.52 NS 3.05 

7 29.35 27.62 4.78 5.61 

8 20.7 26.8 3.54 3.83 

9 22.51 27.49 3.53 4.01 

10 ND 36.52 ND 5.45 

 

23.04 + 11.63 

(0.50) 

27.83 + 5.95 

(0.21) 

2.84 + 1.76 

(0.62) 

3.22 + 1.44 

(0.44) 
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Table 4-2: Estimation and dissipation of dislodgeable foliar residues (µg/cm
2
) with 

time at DB Specialty Farms (2009 field study) 

 

 

1) Malathion (1 lb/acre), captan (2.5 lb/acre) and fenpropathrin (1 lb/acre) were applied 

on study day 1.  

2) Nine samples were collected on four study days: 3, 6, 16 and 19 days post pesticide 

application. Three samples were randomly pooled together to get one sample. Each 

data value is depicted as mean + standard deviation (coefficient of variation) except 

for study day 0 where there is only one data point.  
 

 

Study Day Malathion Captan Fenpropathrin 

0 0.005 0.00003 0.01 

3 0.087 + 0.032 (0.37) 1.003 + 0.27 (0.27) 0.020 + 0.00 (0) 

6 0.008 + 0.011 (1.41) 0.51 + 0.18 (0.36) 0.005 + 0.004 (0.96) 

16 0.010 + 0.002 (0.22) 0.21 + 0.068 (0.32) 0.014 + 0.002 (0.11) 

19 0.007 + 0.001 (0.08) 0.15 + 0.044 (0.29) 0.010 + 0.003 (0.30) 
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Table 4-3: Estimation and dissipation of dislodgeable foliar residues (µg/cm
2
) with 

time at DB Specialty Farms (2010 field study)   

 

 

Study 

day 

Malathion  Malaoxon  Fenpropathrin  

DB -1 DB -2 DB -1 DB -2 DB -1 DB-2 

4 

0.21 0.22 0.007 0.008 0.03 0.026 

0.25 0.21 0.005 0.01 0.02 0.022 

0.27 0.38 0.009 0.011 0.03 0.028 

0.27 0.22 0.01 0.01 0.02 0.02 

0.21 0.24 0.008 0.007 0.01 0.02 

0.248 + 0.052 (0.21) 0.13 + 0.14 (1.04) 0.023 + 0.006 (0.27) 

7 

0.01 0.015 0.0006 0.003 0.006 0.005 

0.02 0.025 0.002 0.005 0.01 0.01 

0.05 0.051 0.006 0.007 0.03 0.02 

0.01 0.006 0.004 0.002 0.01 0.006 

0.03 0.012 0.006 0.004 0.03 0.012 

0.023+0.016 (0.71) 0.01 + 0.02 (1.16) 0.014 + 0.009 (0.68) 

11 

0.003 0.0006 0.002 0.0003 0.003 0.003 

0.005 0.003 0.002 0.002 0.002 0.003 

0.01 0.006 0.003 0.003 0.005 0.003 

0.002 0.002 0.002 0.0003 0.0013 0.003 

0.001 0.0052 0.0002 0.003 0.0012 0.003 

0.004 + 0.003 (0.75) 0.003 + 0.002 (0.77) 0.003 + 0.001 (0.39) 
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Table 4-3 (continued): Estimation and dissipation of dislodgeable foliar residues 

(µg/cm
2
) with time at DB Specialty Farms (2010 field study)   

 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) There were two sprayed field sites in DB Specialty Farms (DB-1 and DB-2). At each 

field site, there were 10 sampling sites. One leaf was taken at one sampling site and 

10 leaves comprised one sample.  Five samples of 10 leaves each were taken at 4 

study days: 4, 7, 11, and 14 days post pesticide application. 

3) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation) (shown in bold). 

Study 

day 

Malathion  Malaoxon  Fenpropathrin  

DB -1 DB -2 DB -1 DB -2 DB -1 DB-2 

14 

0.003 0.004 0.0003 0.0003 0.0034 0.005 

0.0023 0.003 0.0003 0.0003 0.0013 0.0013 

0.002 0.003 0.0003 0.0003 0.0013 0.003 

0.005 0.005 0.0003 0.0003 0.005 0.002 

0.0012 0.005 0.0003 0.0003 0.0014 0.002 

 0.003 + 0.001 (0.40) 0.02 + 0.002 (0.96) 0.003 + 0.001 (0.57) 
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Table 4-4: Estimation and dissipation of dislodgeable foliar residues (µg/cm
2
) with 

time at Safari Farms (2010 field study)   

 

 

Study day Malathion Malaoxon Fenpropathrin 

3 

0.55 0.019 0.06 

0.69 0.012 0.04 

0.68 0.019 0.06 

0.38 0.013 0.034 

0.58 0.018 0.039 

0.576 + 0.125 (0.22) 0.016 + 0.003 (0.21) 0.047 + 0.012 (0.27) 

6 

0.06 0.008 0.02 

0.075 0.018 0.037 

0.076 0.01 0.025 

0.13 0.012 0.039 

0.09 0.013 0.034 

0.086 + 0.027 (0.31) 0.012 + 0.004 (0.31) 0.031 + 0.008 (0.26) 

10 

0.005 0.003 0.01 

0.015 0.003 0.005 

0.011 0.004 0.01 

0.005 0.002 0.01 

0.023 0.003 0.012 

0.012 + 0.008 (0.64) 0.003 + 0.001 (0.24) 0.009 + 0.003 (0.28) 
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Table 4-4 (continued): Estimation and dissipation of dislodgeable foliar residues 

(µg/cm
2
) with time at Safari Farms (2010 field study)   

 

 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) There was one sprayed field site at Safari Farms. At the field site, there were 10 

sampling sites. One leaf was taken at one sampling site and 10 leaves comprised one 

sample.  Five samples of 10 leaves each were taken at 4 study days: 3, 6, 10, and 13 

days post pesticide application. 

3) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation) (shown in bold). 

 

 

Study day Malathion Malaoxon Fenpropathrin 

13 

0.027 0.0002 0.023 

0.006 0.002 0.005 

0.012 0.0002 0.005 

0.002 0.0003 0.0012 

0.013 0.0003 0.006 

 0.012 + 0.010 (0.79) 0.0006 + 0.0008 (1.31) 0.08 + 0.009 (1.06) 



 

201 

 

 

 Table 4-5: Estimation and dissipation of dislodgeable foliar residues (µg/cm
2
) with 

time at DB Specialty Farms and Safari Farms (2011 field study)  

 

1) Malathion (2 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 1.  

2) There were two sprayed field sites, one each at DB Specialty Farms and Safari Farms. 

At each field site, there were 10 sampling sites. One leaf was taken at one sampling 

site and 10 leaves comprised one sample. Five samples of 10 leaves each were taken 

at 2 study days: 4 and 7 days post pesticide application. 

3) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation) (shown in bold). 

 

Study day Malathion   Fenpropathrin   

 
DB farms Safari farms DB farms Safari farms 

4 

0.243 0.16 0.031 0.03 

0.236 0.16 0.018 0.02 

0.155 0.13 0.022 0.02 

0.273 0.14 0.018 0.02 

0.284 0.14 0.041 0.03 

 
0.238 + 0.051 

(0.21) 

0.146 + 0.013 

(0.09) 

0.026 + 0.010 

(0.38) 

0.024 + 0.005 

(0.23) 

7 

0.027 0.009 0.019 0.005 

0.023 0.016 0.016 0.008 

0.015 0.043 0.01 0.024 

0.046 0.01 0.021 0.01 

0.026 0.02 0.012 0.02 

 

0.027 + 0.011 

(0.42) 

0.016 + 0.005 

(0.3) 

0.020 + 0.014 

(0.71) 

0.013 + 0.008 

(0.61) 
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Table 4-6: Whole leaf sampling and leaf punch sampling techniques for estimating 

dislodgeable foliar residues (µg/cm
2
) (2011 field study)   

Sampling site - DB Specialty Farms 

 

Sampling site - Safari Farms 

 

1) These studies were performed at the two sprayed field sites at DB Specialty Farms 

and Safari Farms on study day 5 and study 6 respectively.  

2) For the whole leaves sampling, five samples of 10 leaves each were taken. For the 

leaf punch sampling, five samples of 40 punches each were taken.  

3) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation) (shown in bold). 

 

Malathion Fenpropathrin 

Whole leaf Leaf punch Whole leaf Leaf punch 

0.058 0.049 0.031 0.070 

0.028 0.049 0.014 0.076 

0.071 0.038 0.027 0.070 

0.079 0.043 0.029 0.065 

0.047 0.043 0.028 0.070 

0.056 + 0.02  

(0.36) 

0.045 + 0.01 

(0.11) 

0.026 + 0.01  

(0.27) 

0.070 + 0.004  

(0.63) 

Malathion Fenpropathrin 

Whole leaf Leaf punch Whole leaf Leaf punch 

0.056 0.057 0.024 0.15 

0.072 0.032 0.020 0.079 

0.036 0.026 0.016 0.102 

0.048 0.019 0.017 0.087 

0.039 0.036 0.015 0.059 

0.049 + 0.01 

(0.29) 

0.03 + 0.01  

(0.51) 

0.017 + 0.004 

(0.23) 

0.08 + 0.034 

(0.42) 
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Table 4-7: Estimation and dissipation of transferable foliar residues (µg/cm
2
)  with 

time at DB Specialty Farms (2009 field study)  

  

Study Day Malathion Captan Fenpropathrin 

0 0.001 0.0008 0.0006 

3 
0.06 + 0.006 

(1.00) 

0.07 + 0.05 

(0.71) 

0.002 + 0.001 

(0.50) 

6 
0.01 + 0.0004 

   (0.40) 

0.02 + 0.02 

(1.00) 

0.001 +  0.0001 

(0.10) 

16 
0.00006 + 0.00005 

(0.83) 

0.002 + 0.0004 

(0.20) 

0.001 +  0.001 

(1.00) 

19 
0.00006 + 0.00005 

(0.83) 

0.001 + 0.001 

(1.00) 

0.001 +  0.0009 

(0.90) 

 

1) Malathion (1 lb/acre), captan (2.5 lb/acre) and fenpropathrin (1 lb/acre) were applied 

on study day 1.  

2) Nine samples were collected on four study days: 3, 6, 16 and 19 days post pesticide 

application. Three samples were randomly pooled together to get one sample. Each 

data value is depicted as mean + standard deviation (coefficient of variation) except 

for study day 0 where there is only one data point. 
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Table 4-8: Estimation and dissipation of transferable foliar residues (µg/cm
2
) with 

time at DB Specialty Farms (2010 field study)   

 

Study day 
Malathion   Fenpropathrin   

DB -1 DB -2 DB -1 DB-2 

4 

0.0094 0.0056 0.0026 0.0012 

0.0039 0.0084 0.0025 0.0024 

0.0036 0.0226 0.0029 0.0056 

0.0160 0.0087 0.0051 0.0032 

0.0046 0.0114 0.0037 0.0032 

0.009 + 0.006 (0.64) 0.003 + 0.001 (0.40) 

7 

0.0022 0.0030 0.0022 0.0023 

0.0015 0.0038 0.0026 0.0022 

0.0015 0.0052 0.0028 0.0023 

0.0010 0.0021 0.0014 0.0013 

0.0021 0.0038 0.0029 0.0021 

0.003 + 0.001 (0.50) 0.002 + 0.001 (0.24) 

11 

0.0003 0.0006 0.0013 0.0002 

0.0009 0.0009 0.0012 0.0007 

0.0019 0.0025 0.0031 0.0011 

0.00046 0.0004 0.0018 0.0009 

0.0007 0.0020 0.0017 0.0007 

0.001 + 0.001 (0.74) 0.001 + 0.001 (0.61) 
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Table 4-8 (continued): Estimation and dissipation of transferable foliar residues 

(µg/cm
2
) with time at DB Specialty Farms (2010 field study) 

 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) There were two sprayed field sites in DB Specialty Farms (DB-1 and DB-2). At each 

field site, there were 10 sampling sites. One leaf was taken at one sampling site and 

10 leaves comprised one sample.  Five samples of 10 leaves each were taken at 4 

study days: 4, 7, 11, and 14 days post pesticide application. 

3) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation) (shown in bold). 

 

 

Study day 
Malathion   Fenpropathrin   

DB -1 DB -2 DB -1 DB-2 

14 

0.0001 0.0010 0.0003 0.0007 

0.0003 0.0010 0.0014 0.0007 

0.0003 0.0013 0.0006 0.0003 

0.00046 0.00046 0.0002 0.0005 

0.0001 0.0001 0.0003 0.0002 

0.001 + 0.0004 (0.82) 0.001 + 0.0004 (0.71) 
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Table 4-9:  Estimation and dissipation of transferable foliar residues (µg/cm
2
) with 

time at Safari Farms (2010 field study)   

 

Study day Malathion   Fenpropathrin   

3 

0.030 0.008 

0.038 0.009 

0.001 0.010 

0.050 0.015 

0.039 0.015 

0.031 + 0.019 (0.60) 0.011 + 0.003 (0.28) 

6 

0.011 0.007 

0.015 0.006 

0.021 0.010 

0.017 0.013 

0.009 0.006 

0.021 + 0.011 (0.53) 0.010 + 0.004 (0.36) 

10 

0.0002 0.003 

0.0002 0.004 

0.0002 0.003 

0.003 0.005 

0.001 0.006 

0.0009 + 0.0012 (1.36) 0.004 + 0.0013 (0.34) 
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Table 4-9 (continued): Estimation and dissipation of transferable foliar residues 

(µg/cm
2
) with time at Safari Farms (2010 field study)   

  

Study day Malathion   Fenpropathrin   

13 

0.0002 0.002 

0.001 0.001 

0.002 0.001 

0.002 0.0009 

0.002 0.0007 

0.0014 + 0.0009 (0.62) 0.0013 + 0.0007 (0.53) 

 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0.  

2) There was one sprayed field sites at Safari Farms. At the field site, there were 10 

sampling sites. One leaf was taken at one sampling site and 10 leaves comprised one 

sample. Five samples of 10 leaves each were taken at 4 study days: 3, 6, 10, and 13 

days post pesticide application. 

3) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation) (shown in bold). 
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Table 4-10: Estimation and dissipation of transferable foliar residues (µg/cm
2
) with 

time at DB Specialty Farms and Safari Farms (2011 field study)  

 

 

 

 

1) Malathion (2 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 1.  

2) There were two sprayed field sites, one each at DB Specialty Farms and Safari Farms. 

At each field site, there were 10 sampling sites. One leaf was taken at one sampling 

site and 10 leaves comprised one sample. Five samples of 10 leaves each were taken 

at 2 study days: 4 and 7 days post pesticide application. 

3) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation) (shown in bold). 

Study day Malathion   Fenpropathrin   

4 

DB farms Safari farms DB farms Safari farms 

0.031 0.0217 0.0203 0.0109 

0.0348 0.0211 0.028 0.0187 

0.0266 0.0187 0.0245 0.0103 

0.0249 0.0222 0.0156 0.0115 

0.0284 0.0197 0.0234 0.0017 

 
0.029 + 0.004 

(0.13) 

0.021 + 0.001 

(0.07) 

0.022 + 0.005 

(0.21) 

0.011 + 0.006 

(0.57) 

7 

0.0019 0.0021 0.0029 0.0015 

0.0017 0.0012 0.0033 0.0022 

0.0023 0.001 0.0031 0.0016 

0.0035 0.0035 0.0025 0.0024 

0.0034 0.0053 0.003 0.003 

 

0.003 + 0.001 

(0.33) 

0.003 + 0.002 

(0.69) 

0.003 + 0.00 

(0.10) 

0.002 + 0.001 

(0.29) 
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Table 4-11: Strawberry leaf weight (gm) vs. Strawberry leaf area (cm
2
) 

1) In field studies conducted in 2009, whole strawberry plants (n=20) were randomly 

collected in Buss Ranch, DB Specialty Farms.  

2) The strawberry leaves, whole plants and berries were weighed gravimetrically using 

the Mettler PE 3600 Precision Balance (Capacity = 3600 g).   

3) Mean + standard deviation (coefficient of variation) values are shown in bold. 

Sample 

Number 

Total plant 

weight (gm) 

Total leaf 

weight (gm) 

Berry 

weight (gm) 

Leaflet area 

(cm
2
) 

Number of 

leaflets 

1 768.2 597.8 175.6 6185.0 324 

2 432.1 357.2 137.6 4937.9 223 

3 941.4 620.1 212.1 7849.8 321 

4 492.6 366.7 126.3 4800.7 246 

5 671.4 459.6 156.4 5812.1 260 

6 655.3 525 188.8 6606.4 170 

7 692.4 484.1 162.1 6236.9 287 

8 740.5 553.5 179.2 6429.4 316 

9 555.5 459.5 166.5 6021.6 306 

10 656.2 439.4 166.5 5817.1 223 

11 703.2 377.07 120.9 5063.9 245 

12 553.8 297.44 108.8 4521.9 191 

13 790.4 546.9 161.4 6558.7 314 

14 469.7 334.86 102.5 4255.7 203 

15 412.6 261.45 93.4 3760.8 169 

16 515.3 254.61 92.1 3678.8 141 

17 428.6 276.12 91.9 3301.1 149 

18 587.2 318.74 108.0 4278.4 216 

19 436.1 281.6 110.4 4275.1 188 

20 316.4 231.72 81.1 3214.9 166 

 
590.9 + 157.2 

(0.27) 

402.2 + 122.9 

(0.31) 

137.1 + 38.3 

(0.28) 

5180.3 + 

1278.6 (0.25) 

233 + 61.6 

(0.26) 
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Table 4-12: Measurement and dissipation of pesticide glove residues (µg/glove) with 

time at DB Specialty Farms (2009 field study) 

 

 

1) Malathion (1 lb/acre), captan (2.5 lb/acre) and fenpropathrin (1 lb/acre) were applied 

on study day 1. 

2) Nine samples were collected from ten strawberry harvesters before their lunch break 

(9:30 am to 12:00 pm) on five study days: 4, 7, 11, 17 and 20 days post pesticide 

application. Three samples were randomly pooled together to get one sample.  

3) Each data value is depicted as mean + standard deviation (coefficient of variation) 

except for study day 0 where there is only one data point. 

Study day Malathion Captan Fenpropathrin 

3 
487.2 + 69.5 

(0.14) 

4705.2 + 355.0 

(0.08) 

286.9 + 64.2 

(0.22) 

6 
28.4 + 6.7 

(0.24) 

1007 + 1018.3 

(1.01) 

259.7 + 62.2 

(0.24) 

10 
261.2 + 70.4 

(0.27) 

157.6 + 97.2 

(0.62) 

61.5 + 12.8 

(0.21) 

16 
40.9 + 8.7 

(0.21) 

697.1 + 862.5 

(1.24) 

173.2 + 3.6 

(0.02) 

19 
41.4 + 0.6 

(0.01) 

123.5 + 110.6 

(0.90) 

114.2 + 43.6 

(0.38) 
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Table 4-13: Measurement and dissipation of pesticide glove residues (µg/glove) with 

time at DB Specialty Farms (2010 field study)  

 

Study day 
Malathion Fenpropathrin 

Early Morning Late morning Early Morning Late morning 

4 

1763.21 1749.33 907.62 782.21 

1376.97 1019.24 564.18 1091.63 

1840.62 1781.79 702.28 898.97 

2012.83 2277.93 754.68 1153.42 

608.06 1077.60 122.88 521.49 

897.65 1413.36 714.67 603.65 

1954.81 1626.00 783.28 831.66 

1275.29 2277.72 669.88 1136.75 

1577.32 2300.36 880.15 1102.72 

2005.60 2049.59 3.17 914.86 

1531.2 + 486.6 

(0.32) 

1757.3 + 

497.0 (0.27) 

610.3 + 306.1 

(0.50) 

903.7 + 223.1 

(0.25) 

7 

3.54* 1442.24 4.46 1041.59 

1770.89 408.76 597.65 892.87 

114.94 1424.09 32.49 855.39 

308.27 1291.44 49.57 1275.65 

67.26 1518.71 590.63 1295.91 

83.05 1703.95 178.69 1134.39 

1770.89 1927.30 411.62 716.63 

114.94 1488.36 904.55 1140.29 

1694.66 1025.05 213.59 398.84 

2480.49 1524.34 97.35 253.81 

840.9 + 963.7 

(1.15) 

1375.4 + 

413.5 (0.30) 

308.1 + 304.6 

(0.99) 

900.5 + 355.1 

(0.39) 
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Table 4-13 (continued): Measurement and dissipation of pesticide glove residues 

(µg/glove) with time at DB Specialty Farms (2010 field study)  

 

Study day 
Malathion Fenpropathrin 

Early Morning Late morning Early Morning Late morning 

9 

88.70 314.21 268.63 185.42 

74.83 271.26 175.56 779.56 

322.37 136.20 185.91 132.22 

190.24 462.94 21.78 146.32 

266.09 86.84 182.59 341.42 

258.65 90.39 153.03 229.37 

79.81 223.70 314.86 132.38 

187.36 192.78 245.59 257.20 

213.80 88.56 41.55 173.75 

210.31 146.10 331.26 270.87 

 
189.2 + 84.8 

(0.45) 

201.3 + 121.1 

(0.60) 

192.1 + 103.7 

(0.54) 

264.9 + 193.2 

(0.73) 

11 

50.55 132.59 119.14 489.62 

271.91 202.30 216.30 286.10 

91.12 275.26 142.68 193.39 

176.72 223.28 24.04 355.73 

128.27 143.10 268.66 369.49 

1.74 582.32 201.59 170.37 

176.63 211.18 114.40 212.26 

158.66 173.49 106.69 152.98 

86.22 123.43 309.98 226.10 

77.11 66.65 287.12 984.83 

 
121.9 + 77.2 

(0.63) 

213.4 + 142.5 

(0.67) 

179.1 + 92.6 

(0.52) 

344.1 + 248.7 

(0.72) 
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Table 4-13 (continued): Measurement and dissipation of pesticide glove residues 

(µg/glove) with time at DB Specialty Farms (2010 field study) 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) There were two sprayed field sites in DB Specialty Farms (DB-1 and DB-2). Ten 

samples were collected randomly from strawberry harvesters at two work periods: 

Early Morning (6:30 am to 9:00 pm) and before their lunch break (9:30 am to 12:00 

pm). 

3) Samples were collected during 5 study days: 4, 7, 9, 11, and 14 days post pesticide 

application.  

4) Summarized values for each study day are depicted as mean + standard deviation 

(coefficient of variation)(shown in bold). 

 

* Likely sampling error is the reason for the low residue levels. Sample was rechecked to 

check any analytical error.  

 

Study day 

Malathion Fenpropathrin 

Early Morning 
Late 

morning 

Early 

Morning 

Late 

morning 

14 

250.58 111.94 229.67 226.59 

479.63 564.36 95.50 411.59 

364.60 86.44 177.45 640.57 

5.46 55.05 152.62 577.27 

325.08 35.27 302.25 359.77 

277.85 108.47 43.60 363.10 

319.91 104.42 35.76 285.01 

402.66 148.28 907.62 782.21 

42.70 123.95 564.18 1091.63 

303.33 124.14 95.50 411.59 

277.2 + 148.6 

(0.54) 

146.2 + 150.7 

(1.03) 

252.3 + 282.2 

(1.12) 

498.8 + 275.8 

(0.55) 
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Table 4-14: Measurement and dissipation of malathion pesticide glove residues 

(µg/glove) at DB Specialty Farms on study day 4 (2011 field study)  

 

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

10 3527.0 2982.2 2734.2 1704.2 10947.5 

11 3608.7 4826.4 4520.2 1588.7 14544.0 

12 5687.0 5537.9 2319.0 1359.5 14903.5 

13 6488.8 4094.2 5419.9 2359.8 18362.5 

14 4813.1 2220.6 4916.5 2381.2 14331.3 

15 3723.1 1837.1 2590.9 1924.4 10075.6 

17 4576.6 3607.1 3831.3 2406.0 14420.9 

18 2742.1 2439.5 3997.5 2280.9 11460.1 

19 2207.8 1961.5 2605.5 1739.8 8514.6 

20 2403.6 3980.7 7684.1 3450.4 17518.8 

21 4980.7 2958.3 3504.7 3103.5 14547.3 

22 3253.5 5119.2 5787.4 2171.4 16331.6 

23 3871.4 2175.7 3691.9 1219.5 10958.5 

24 2885.3 4646.2 2699.1 2179.3 12409.8 

25 4025.0 3414.0 5469.3 1621.4 14529.6 

26 3902.7 2448.0 4621.3 1122.6 12094.5 

27 7309.6 433.7 10746.7 5451.1 23941.0 

28 4177.6 2678.1 7192.5 2040.5 16088.6 

29 3405.3 3295.3 3595.1 1591.1 11886.8 

30 5626.8 3804.3 5440.3 2362.5 17234.0 
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Table 4-14 (continued): Measurement and dissipation of malathion pesticide glove 

residues (µg/glove) at DB Specialty Farms on study day 4 (2011 field study)   

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Samples were collected from consented gloved harvesters during all four work 

periods: Early Morning (6:30 am to 9 am), Late morning (9:30 am to 12:00 pm), 

Early afternoon (12:30 pm to 2:30 pm) and Late afternoon (2:45 pm to 5:00 pm).  

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold). 

 

  

 

 

 

 

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

31 4973.0 2021.1 3445.8 2820.9 13260.7 

32 3173.7 4851.2 6259.5 2595.5 16879.9 

33 5034.5 1673.1 4978.7 2896.8 14583.0 

34 2096.5 3494.9 2356.8 1345.0 9293.3 

36 2795.1 1423.9 5452.7 2064.4 11736.1 

38 3678.5 2160.9 4063.9 1781.4 11684.7 

 

4037.2 + 

1303.00  

(0.32) 

3080.2 + 

1278.3 

(0.42) 

4612.5 + 

1920.8  

(0.42) 

2213.9 + 

883.14  

(0.40) 

13943.77 + 

3318.72 

(0.24)  

Percentage 29% 22% 33% 16% 100% 
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Table 4-15: Measurement and dissipation of fenpropathrin pesticide glove residues 

(µg/glove) at DB Specialty Farms on study day 4 (2011 field study) 

 

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

10 
8538.7 689.1 1342.0 859.1 11428.9 

11 
9976.8 512.7 2087.5 576.8 13153.8 

12 
17758.8 553.7 1304.9 792.8 20410.2 

13 
18569.8 1021.5 2565.8 920.4 23077.5 

14 
13473.2 872.4 1245.3 1169.0 16759.8 

15 
1293.6 605.2 1758.6 960.1 4617.4 

17 
2044.2 626.9 737.5 1246.6 4655.2 

18 
1099.0 516.7 1038.6 1327.4 3981.7 

19 
996.3 727.6 1597.4 1083.4 4404.7 

20 
1093.3 1385.2 2746.9 1683.5 6908.8 

21 
1763.5 1069.1 1553.8 1183.8 5570.1 

22 
1279.4 1598.7 1752.2 1119.3 5749.5 

23 
1261.5 1176.0 1387.4 983.8 4808.7 

24 
1124.2 1464.1 1522.6 1002.9 5113.8 

25 
1452.5 1185.7 1883.3 712.6 5234.1 

26 
1417.9 831.1 1792.2 752.5 4793.6 

27 
2454.3 1704.1 3798.5 1925.3 9882.1 

28 
1603.4 960.1 2641.8 988.8 6194.1 

29 
1291.4 1104.7 1665.4 873.9 4935.4 

30 
1878.4 1316.0 2499.4 1140.2 6834.0 



 

217 

 

 

Table 4-15 (continued): Measurement and dissipation of fenpropathrin pesticide 

glove residues (µg/glove) at DB Specialty Farms on study day 4 (2011 field study) 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Samples were collected from consented gloved harvesters during all four work 

periods: Early Morning (6:30 am to 9 am), Late morning (9:30 am to 12:00 pm), 

Early afternoon (12:30 pm to 2:30 pm) and Late afternoon (2:45 pm to 5:00 pm). 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold). 

 

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

31 1717.5 1188.4 1229.8 1326.4 5462.1 

32 1640.3 1788.0 2210.0 1074.2 6712.6 

33 1701.0 985.9 1909.6 1233.6 5830.0 

34 955.3 993.1 1101.6 554.6 3604.6 

36 1237.7 886.0 2127.8 1084.8 5336.3 

38 1846.8 987.1 1630.6 920.2 5384.7 

 

3825.7 + 

5226.07 

(1.37) 

1028.8 + 

359.46 

(0.35) 

1812.7 + 

655.18 

(0.36) 

1057.5 + 

303.11 

(0.29)  

7724.8 + 

5131.67 

(0.66) 

Percentage 50 13 24 14 101 
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Table 4-16: Measurement and dissipation of malathion pesticide glove residues 

(µg/glove) at DB Specialty Farms on study day 7 (2011 field study)  

 

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

10 992.4 897.3 321.6 338.0 2549.3 

11 1354.1 650.4 578.3 561.1 3143.8 

12 998.9 1246.3 273.0 302.0 2820.2 

13 1820.9 1414.1 781.5 431.8 4448.2 

14 1294.7 1247.9 487.3 367.2 3397.0 

15 1163.5 649.6 280.2 344.6 2437.8 

17 1701.7 941.8 1001.0 306.6 3951.0 

18 2466.4 1333.5 473.0 648.4 4921.3 

19 620.9 744.8 236.5 344.5 1946.6 

20 1411.3 978.9 715.3 483.3 3588.9 

21 2465.1 1763.1 248.0 425.4 4901.7 

22 1487.1 467.7 538.6 470.5 2963.9 

23 1468.1 756.9 281.5 592.4 3098.9 

24 2493.3 1393.2 424.3 525.5 4836.3 

25 1298.7 505.8 288.3 248.7 2341.4 

26 829.0 795.4 292.4 329.9 2246.6 

27 1997.9 1053.9 1006.7 427.6 4486.1 

28 1267.1 961.2 361.6 412.2 3002.1 

29 1890.1 706.5 487.0 400.4 3484.1 

30 3107.0 1517.6 1136.8 204.3 5965.6 
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Table 4-16 (continued): Measurement and dissipation of malathion pesticide glove 

residues (µg/glove) sampled at DB Specialty Farms on study day 7 (2011 field study) 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Samples were collected from consented gloved harvesters during all four work 

periods: Early Morning (6:30 am to 9 am), Late morning (9:30 am to 12:00 pm), 

Early afternoon (12:30 pm to 2:30 pm) and Late afternoon (2:45 pm to 5:00 pm). 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold). 

 

 

 

 

  

  

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

31 NS NS NS NS NS 

32 1212.7 1350.1 527.1 406.7 3496.6 

33 1378.6 1194.2 284.7 199.2 3056.7 

34 1472.9 3.8 298.0 305.5 2080.2 

36 1900.8 597.9 330.4 302.4 3131.5 

38 1804.5 980.7 376.8 419.7 3581.8 

 

1595.9 + 

581.39 

(0.36) 

966.1 + 

394.72 

(0.41) 

481.2 + 

257.85 

(0.54) 

391.9 + 

113.27 

(0.29) 

3435.1 + 

1017.28 

(0.30) 

Percentage 47 28 14 11 100 
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Table 4-17: Measurement and dissipation of fenpropathrin pesticide glove residues 

(µg/glove) at DB Specialty Farms on study day 7 (2011 field study)  

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

10 207.9 409.3 433.7 620.1 1671.0 

11 430.1 482.7 668.4 1222.7 2803.9 

12 341.0 592.2 639.9 747.7 2320.7 

13 300.1 555.1 1102.5 904.6 2862.2 

14 300.6 475.2 730.4 1036.9 2543.2 

15 333.5 398.4 608.4 606.6 1946.9 

17 517.2 592.2 1465.2 496.5 3071.2 

18 540.8 562.6 779.9 650.3 2533.7 

19 210.9 454.8 480.7 549.8 1696.2 

20 395.4 499.7 1102.0 513.4 2510.6 

21 526.7 409.3 828.5 515.7 2280.2 

22 220.4 482.7 991.8 483.4 2178.3 

23 484.7 592.2 763.4 633.2 2473.6 

24 329.1 555.1 915.2 621.3 2420.6 

25 252.5 475.2 532.0 378.5 1638.3 

26 255.0 409.3 590.0 614.0 1868.2 

27 334.5 482.7 1096.8 848.0 2762.0 

28 362.4 592.2 648.2 642.4 2245.1 

29 433.1 555.1 786.7 664.2 2439.0 

30 487.6 475.2 998.3 424.2 2385.3 
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Table 4-17 (continued): Measurement and dissipation of fenpropathrin pesticide 

glove residues (µg/glove) at DB Specialty Farms on study day 7 (2011 field study)  

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Samples were collected from consented gloved harvesters during all four work 

periods: Early Morning (6:30 am to 9 am), Late morning (9:30 am to 12:00 pm), 

Early afternoon (12:30 pm to 2:30 pm) and Late afternoon (2:45 pm to 5:00 pm).  

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation).  

 

 

 

 

 

Worker ID 
Early 

Morning 

Late 

morning 

Early 

afternoon 

Late 

afternoon 
Total 

31 
ND ND ND ND ND 

32 
223.9 409.3 616.3 959.7 2209.2 

33 
390.0 482.7 549.5 281.8 1704.0 

34 
232.6 592.2 472.4 581.6 1878.8 

36 
235.4 555.1 576.4 657.4 2024.3 

38 
424.5 475.2 705.0 982.9 2587.7 

 

350.8 + 

107.82 

(0.31) 

502.6 + 

66.86 (0.13) 

763.3 + 

249.50 

(0.33) 

665.5 + 

219.89 

(0.33) 

2282.16 + 

399.32 

(0.17) 

Percentage 15 22 34 29 100 
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Table 4-18: Measurement and dissipation of malathion pesticide glove residues 

(µg/glove) with time at DB Specialty Farms (2011 field study) 

 

  

  

Worker ID  
Study day 

4 7 11 14 18 21 

10 2982.2 897.3 44.6 33.4 18.2 8.9 

11 4826.4 650.4 100.9 242.5 11.8 63.1 

12 5537.9 1246.3 61.9 153.8 10.8 89.3 

13 4094.2 1414.1 13.7 347.9 4.7 27.3 

14 2220.6 1247.9 127.9 252.5 3.1 50.8 

15 1837.1 649.6 121.8 220.4 40.7 70.5 

17 3607.1 941.8 1844.7 488.8 88.5 43.9 

18 2439.5 1333.5 74.9 169.4 67.7 43.2 

19 1961.5 744.8 173.9 258.5 58.5 11.7 

20 3980.7 978.9 113.2 235.3 58.5 23.6 

21 2958.3 1763.1 174.1 271.1 25.4 43.6 

22 5119.2 467.7 1177.1 217.0 23.8 31.7 

23 2175.7 756.9 145.5 226.0 24.6 18.8 

24 4646.2 1393.2 178.1 310.4 36.9 17.3 

25 3414.0 505.8 100.4 197.1 11.1 47.2 

26 2448.0 795.4 62.7 105.6 9.5 25.4 

27 433.7 1053.9 126.8 578.3 87.8 36.2 

28 2678.1 961.2 78.4 167.2 29.9 84.7 

29 3295.3 706.5 131.8 216.3 32.0 52.5 

30 3804.3 1517.6 137.8 330.7 71.3 51.6 
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Table 4-18 (continued): Measurement and dissipation of malathion pesticide glove 

residues (µg/glove) with time at DB Specialty Farms (2011 field study)   

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Samples were collected from consented gloved harvesters at the Late morning (9:30 

am to 12:00 pm) on six study days.  

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold). 

 

 

 

Worker ID 
Study day  

4 7 11 14 18 21 

31 2021.1 ND 138.5 133.3 13.5 75.9 

32 4851.2 1350.1 85.4 238.9 63.1 42.6 

33 1673.1 1194.2 116.7 164.4 22.6 20.9 

34 3494.9 3.8 89.7 176.0 15.2 53.3 

36 1423.9 597.9 78.9 199.4 23.9 13.8 

38 2160.9 980.7 124.2 197.6 24.2 13.2 

  

3080.2 + 

1278.3 

(0.42) 

966.1 + 

394.72  

(0.41) 

216.3 + 

402.34 

(1.86) 

235.8 + 

113.2 

(0.48) 

33.7 + 

25.84  

(0.77) 

40.8 + 

22.62 

(0.55) 
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Table 4-19: Measurement and dissipation of fenpropathrin pesticide glove residues 

(µg/glove) at DB Specialty Farms with time (2011 field study)  

Worker ID 
Study day 

4 7 11 14 18 

10 689.1 409.3 310.7 107.2 138.5 

11 512.7 482.7 275.3 337.7 191.2 

12 553.7 592.2 272.0 210.3 162.1 

13 1021.5 555.1 375.4 381.4 92.7 

14 872.4 475.2 378.3 362.3 197.3 

15 605.2 398.4 523.0 89.2 182.9 

17 626.9 592.2 575.9 683.1 221.9 

18 516.7 562.6 409.5 287.6 202.0 

19 727.6 454.8 655.5 430.3 267.2 

20 1385.2 499.7 411.3 351.5 262.9 

21 1069.1 409.3 564.9 575.8 378.1 

22 1598.7 482.7 37.2 267.5 275.0 

23 1176.0 592.2 67.6 317.5 242.7 

24 1464.1 555.1 62.0 308.6 381.9 

25 1185.7 475.2 62.0 305.6 166.0 

26 831.1 409.3 231.5 317.8 140.1 

27 1704.1 482.7 43.4 951.9 398.4 

28 960.1 592.2 31.4 323.2 232.3 

29 1104.7 555.1 38.5 638.3 323.5 

30 1316.0 475.2 35.7 1053.6 270.3 
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Table 4-19 (continued): Measurement and dissipation of fenpropathrin pesticide 

glove residues (µg/glove) at DB Specialty Farms with time (2011 field study)  

 

 

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Samples were collected from consented gloved harvesters at the Late morning (9:30 

am to 12:00 pm) on six study days.  

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold). 

4) Fenpropathrin residues were estimated on day 21 but these levels were high and 

resulted from a likely application after day 18. Since the focus is on the dissipation of 

residues with time, results are not shown here.  

Worker ID 
Study day 

4 7 11 14 18 

31 1188.4 ND 593.8 291.0 227.7 

32 1788.0 409.3 600.6 519.7 223.2 

33 985.9 482.7 350.8 354.8 122.3 

34 993.1 592.2 362.4 415.3 173.8 

36 886.0 555.1 487.1 373.6 127.4 

38 987.1 475.2 718.2 322.8 188.7 

Average + 

SD 

(CV) 

1028.8 + 

359.5 

(0.35) 

502.6 + 

118.36 

(0.24) 

325.9 + 

223.9 

(0.69) 

406.8 + 

221.61 

(0.54) 

222.7 + 80.92 

(0.36) 
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Table 4-20: Transfer and estimation of hand wash residues (µg/person) of gloved 

harvesters working at DB Specialty Farms on study day 4 (2011 field study)   

 

 

Worker ID Malathion Malaoxon Fenpropathrin 

10 20 11 5
a
 

11 20 5
a
 5

a
 

12 20 20 5
a
 

13 40 40 5
a
 

14 30 40 5
a
 

15 5
a
 5

a
 5

a
 

17 70 20 80 

18 12 5
a
 5

a
 

19 30 30 40 

20 30 10 5
a
 

21 10 5 5
a
 

22 60 10 60 

23 20 10 20 

24 10 10 5
a
 

25 20 5
a
 20 

26 10 5
a
 10 

27 210 20 160 

28 10 5
a
 5

a
 

29 110 20 20 

30 20 5
a
 10 
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Table 4-20 (continued): Transfer and estimation of hand wash residues (µg/person) 

of gloved harvesters working at DB Specialty Farms on study day 4  

(2011 field study)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a
 LDL (Lowest detection limit) for malathion, malaoxon and fenpropathrin is 0.01 

ppm. Half of the LDL; 0.005 ppm or 5 µg/person was calculated when non-detects 

were observed.  

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Consented harvesters washed their hands in 0.01% Sur-Ten solution (1 liter hand 

wash) at the end of shift. These hand wash samples were collected and analyzed 

for external hand residues. 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold). 

 

  

Worker ID Malathion Malaoxon Fenpropathrin 

31 20 5
a
 10 

32 10 5
a
 10 

33 50 5
a
 30 

34 5
a
 5

a
 5

a
 

36 10 5
a
 5

a
 

38 20 5
a
 10 

 

33.5 + 43.01 

(1.28) 

11.9 + 10.68 

(0.89) 

20.9 + 33.88 

(1.62) 
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Table 4-21: Transfer and estimation of hand wash residues (µg/person) of gloved 

harvesters working at DB Specialty Farms on study day 7 (2011 field study)  

Worker ID Malathion Malaoxon Fenpropathrin 

10 5
a
 5

a
 5

a
 

11 5
a
 5

a
 5

a
 

12 5
a
 5

a
 5

a
 

13 5
a
 5

a
 5

a
 

14 5
a
 5

a
 5

a
 

15 5
a
 5

a
 5

a
 

17 NS NS NS 

18 5
a
 5

a
 5

a
 

19 5
a
 5

a
 5

a
 

20 5
a
 5

a
 5

a
 

21 5
a
 5

a
 5

a
 

22 5
a
 5

a
 5

a
 

23 5
a
 5

a
 5

a
 

24 5
a
 5

a
 5

a
 

25 5
a
 5

a
 5

a
 

26 5
a
 5

a
 5

a
 

27 5
a
 5

a
 5

a
 

28 5
a
 5

a
 5

a
 

29 10 5
a
 5

a
 

30 5
a
 5

a
 5

a
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Table 4-21 (continued): Transfer and estimation of hand wash residues (µg/person) 

of gloved harvesters working at DB Specialty Farms on study day 7  

(2011 field study)  

 

a
 LDL (Lowest detection limit) for malathion, malaoxon and fenpropathrin is 0.01 

ppm. Half of the LDL; 0.005 ppm or 5 µg/person was calculated when non-detects 

were observed.  

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Consented harvesters washed their hands in 0.01% Sur-Ten solution (1 liter hand 

wash) at the end of shift. These hand wash samples were collected and analyzed 

for external hand residues. 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold).  

 

Worker ID Malathion Malaoxon Fenpropathrin 

31 NS NS NS 

32 5
a
 5

a
 5

a
 

33 5
a
 5

a
 5

a
 

34 5
a
 5

a
 5

a
 

36 5
a
 5

a
 5

a
 

38 5
a
 5

a
 5

a
 

 
5.21 + 1.02 

(0.20) 

5.0 + 0.00 

(0.00) 

5.0 + 0.00 

(0.00) 
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Table 4-22: Transfer and estimation of hand wash residues (µg/person) of 

barehanded harvesters working at Safari Farms on study day 4 (2011 field study)  

 

 

Worker ID Malathion Malaoxon Fenpropathrin 

50 160 30 150 

51 320 40 30 

52 200 30 260 

53 530 40 180 

54 240 30 317 

55 620 50 723 

56 640 20 570 

57 180 10 270 

58 210 5
a
 330 

59 280 10 480 

60 220 10 350 

61 300 10 460 

62 290 30 430 

63 240 10 390 

64 260 20 400 

65 230 20 350 

66 240 30 540 

67 690 170 237 

68 600 255 562 

69 570 20 540 
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Table 4-22 (continued): Transfer and estimation of hand wash residues (µg/person) 

of barehanded harvesters working at Safari Farms on study day 4 (2011 field study)  

 

a
 LDL (Lowest detection limit) for malathion, malaoxon and fenpropathrin is 0.01 

ppm. Half of the LDL; 0.005 ppm or 5 µg/person was calculated when non-detects 

were observed.  

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Consented harvesters washed their hands in 0.01% Sur-Ten solution (1 liter hand 

wash) at the end of shift. These hand wash samples were collected and analyzed 

for external hand residues. 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold).  

 

 

Worker ID Malathion Malaoxon Fenpropathrin 

70 210 20 558 

71 460 10 595 

72 310 5
a
 690 

73 420 20 365 

74 583 20 426 

75 430 10 299 

76 40 5
a
 190 

 

358.2+ 175.24 

(0.49) 

34.62 + 55.01  

(1.59) 

405.5 + 164.60 

(0.41) 
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Table 4-23: Transfer and estimation of hand wash residues (µg/person) of 

barehanded harvesters working at Safari Farms on study day 7 (2011 field study)  

Worker ID Malathion Malaoxon Fenpropathrin 

50 9 5
a
 5

a
 

51 5
a
 5

a
 5

a
 

52 5
a
 5

a
 5

a
 

53 20 5
a
 5

a
 

54 40 5
a
 10 

55 30 5
a
 5

a
 

56 10 5
a
 5

a
 

57 40 5
a
 10 

58 30 5
a
 10 

59 50 5
a
 10 

60 30 5
a
 5

a
 

61 50 5
a
 100 

62 50 5
a
 5

a
 

63 10 5
a
 5

a
 

64 40 5
a
 5

a
 

65 10 5
a
 5

a
 

66 20 5
a
 5

a
 

67 NS NS NS 

68 30 5
a
 5

a
 

69 10 5
a
 5

a
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Table 4-23 (continued): Transfer and estimation of hand wash residues (µg/person) 

of barehanded harvesters working at Safari Farms on study day 7 (2011 field study)  

 

a
 LDL (Lowest detection limit) for malathion, malaoxon and fenpropathrin is 0.01 

ppm. Half of the LDL; 0.005 ppm or 5 µg/person was calculated when non-detects 

were observed.  

1) Malathion (1 lb/acre) and fenpropathrin (1 lb/acre) were applied on study day 0. 

2) Consented harvesters washed their hands in 0.01% Sur-Ten solution (1 liter hand 

wash) at the end of shift. These hand wash samples were collected and analyzed 

for external hand residues. 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold).  

 

Worker ID Malathion Malaoxon Fenpropathrin 

70 20 5
a
 5

a
 

71 50 5
a
 20 

72 30 5
a
 5

a
 

73 10 5
a
 5

a
 

74 20 5
a
 5

a
 

75 30 10 5
a
 

76 10 5
a
 5

a
 

 
26.0 + 15.21 

(0.58) 

5.4 + 1.38 

 (0.26) 

10.2 + 19.01  

(1.86) 
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Table 4-24: Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of gloved strawberry 

harvesters at DB Specialty Farms on study day 4 (2011 field study) 

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose 

10 45.6 116.7 0.9
a
 40.5 3.1 205.9 

11 18.0 49.3 0.5
a
 23.7 4.0 95 

12 41.4 194.1 1.3
a
 3.2 2.4 241.1 

13 63.5 340.1 0.7
a
 161.1 26.3 591 

14 67.9 350.1 0.5
a
 51.2 12.1 481.3 

15 41.9 127.3 0.7
a
 32.9 8.5 210.6 

17 55.8 324.7 0.7
a
 33.0 6.3 419.8 

18 33.4 149.4 0.7
a
 19.9 5.6 208.3 

19 87.7 627.7 0.7
a
 194.2 84.9 994.5 

20 57.9 459.2 0.8
a
 73.5 18.0 608.6 

21 149.3 1147.7 0.6
a
 724.5 266.2 2287.7 

22 60.8 259.9 0.5
a
 49.3 14.8 384.8 

23 29.7 92.6 0.5
a
 43.3 4.7 170.3 

24 38.6 118.9 1.1
a
 15.9 6.5 179.9 
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Table 4-24 (continued):  Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of gloved 

strawberry harvesters at DB Specialty Farms on study day 4 (2011 field study) 

a
 Half of LOD value was used in the calculation if residue was not detected.

 
Overnight (16 hr), end of shift urine specimens were obtained from 

consented harvesters. For collection, volunteers were provided insulated carriers, frozen blue ice, a collection cup, and a 3L container (bottle).  
 

1) Summarized values are depicted as mean + standard deviation (coefficient of variation) (shown in bold).  

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose 

25 59.0 685.9 55.6 335.4 127.5 1263.4 

26 46.6 259.6 0.5
a
 29.5 6.6 342.3 

27 249.3 1854.9 0.5
a
 216.7 50.9 2371.8 

28 37.3 104.2 0.7
a
 26.5 4.2 172.2 

29 30.9 149.1 0.8
a
 12.4 4.9 197.3 

30 35.1 95.4 0.7
a
 11.0 3.3 144.8 

31 45.9 134.8 190.0 9.1 14.3 394.1 

32 24.0 135.7 0.5
a
 20.2 4.0 183.9 

33 45.2 172.2 0.5
a
 25.3 8.3 251 

34 28.9 81.1 0.7
a
 92.9 14.6 217.5 

36 57.4 338.4 0.8
a
 357.0 97.9 850.7 

38 52.8 184.5 0.6
a
 41.3 11.5 290.1 

Mean + SD 

(CV)  

57.8 + 46.6 

(0.8) 

329 + 393.8 

(1.2) 

10.1 + 38.2 

(3.8) 

101.7 + 159.7 

(1.6) 

31.2 + 57.8 

(1.9) 
529.8 + 600.4 (1.1) 

Median 45.8 178.4 0.7 36.8 8.4 271.1 
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Table 4-25: Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of barehanded strawberry 

harvesters at Safari Farms on study day 4 (2011 field study) 

 

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose 

50 24.4 61.6 0.7
a
 7.1 3.2 97 

51 23.5 69.2 115.1 7.2 6.1 221.1 

52 49.6 91.8 0.6
a
 37.2 10.4 189.6 

53 47 135.3 0.6
a
 39.1 11.7 233.7 

54 1.7
a
 93.8 0.8

a
 4.8 9.6 110.7 

55 32.3 155.2 0.8
a
 111.4 33.8 333.5 

56 8.1 102.4 0.7
a
 2.4 2.9 116.5 

57 9 42.6 0.9
a
 8.8 1 62.3 

58 34.6 189.9 0.8
a
 118.6 27.1 371 

59 28.7 96 0.6
a
 11.8 5.3 142.4 

60 24.8 118.2 117.1 32.1 10 302.2 

61 38.4 227.8 0.8
a
 128.8 38.3 434.1 

62 58.9 348.5 0.6
a
 147.1 49.5 604.6 

63 69.8 383.3 0.6
a
 98.6 22.1 574.4 

64 36.5 157.9 0.6
a
 59.4 5.7 260.1 
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Table 4-25 (continued): Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of barehanded 

strawberry harvesters at Safari Farms on study day 4 (2011 field study) 

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose 

65 21.2 90.1 50.3 67.7 12.4 241.7 

66 24.5 174.8 0.9
a
 27.4 4.3 231.9 

67 14.4 83.3 0.8
a
 5.1 2.2 105.8 

68 24.5 153 1.1
a
 136.1 28.6 343.3 

69 23.4 179.6 0.8
a
 89.5 30.1 323.4 

70 26.1 137.6 49.1 105.4 37.3 355.5 

71 23.8 65.5 92.4 12.6 3.7 198 

72 23 113.5 113.7 131.5 43.7 425.4 

73 23.8 107.4 0.6
a
 52.6 14.5 198.9 

74 43.8 138.1 106.3 78.8 22.1 389.1 

75 36.9 198.4 0.8
a
 34.9 5.4 276.4 

76 75.2 408 0.7
a
 176.9 42.8 703.6 

Mean + SD 

(CV) 

31.4 + 17.4 

(0.55) 

152.7 + 93.9 

(0.61) 

24.4 + 43.2 

(1.77) 

64.2 + 53.0 

(0.83) 

17.9 + 15.1 

(0.84) 
290.6 + 160.0 (0.55) 

Median 24.8 135.3 0.8 52.6 11.7 260.1 
a
 Half of LOD value was used in the calculation if residue was not detected. Overnight (16 hr), end of shift urine specimens were obtained from 

consented harvesters. For collection, volunteers were provided insulated carriers, frozen blue ice, a collection cup, and a 3L container (bottle).   
 

1) Summarized values are depicted as mean + standard deviation (coefficient of variation) (shown in bold).  
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Table 4-26: Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of gloved strawberry 

harvesters at DB Specialty Farms on study day 7 (2011 field study) 

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose 

10 13.9 74.1 0.9
a
 29 4.3 121.3 

11 11.2 40 0.9
a
 43.7 1.1 96 

12 6.5 14.4 41.9 40.8 5.1 108.7 

13 16.6 116.7 1.0
a
 141.9 10.5 285.7 

14 16.1 102.8 0.6
a
 19.6 1.7 140.2 

15 3.2
a
 114.4 1.5

a
 32.4 6.3 153.1 

17 19.2 115.5 0.6
a
 21.5 2.2 158.4 

18 14.1 64.6 0.7
a
 19.1 4 101.8 

19 35 278.5 1.0
a
 232.5 75.2 621.2 

20 24.2 149.2 1.1
a
 44.9 6.2 224.5 

21 95.4 765.5 1.2
a
 410.5 101.6 1373 

22 35.7 72.7 1.0
a
 16.1 2.2 126.7 

23 32.4 54 11 17.9 0.6 115.9 

24 35.9 86.3 13.3 19.5 2.4 157.4 
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Table 4-26 (continued): Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of gloved 

strawberry harvesters at DB Specialty Farms on study day 7 (2011 field study) 

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose 

25 41.8 331 30.3 238.9 43.1 685.1 

26 11.3 102.2 0.6
a
 36.3 3.9 153.7 

27 14.7 162.2 0.7
a
 47.1 6.4 230.4 

28 10.7 57.3 1.0
a
 12.9 0.5 81.4 

29 10.4 131.4 0.7
a
 18.9 3.3 164 

30 10 32.9 0.9
a
 7.5 0.5 50.9 

32 8.1 32.9 0.7
a
 27.4 4.3 72.7 

33 16.9 28.7 1.2
a
 4.1 0.4 50.1 

34 19.1 123.3 0.6
a
 86.5 13.9 242.8 

36 131.3 1201.1 10.9 489.8 110.2 1943.3 

38 1.9
a
 43.3 0.9

a
 6.1 0.6 50 

Mean + SD 

(CV) 

25.4 + 29.0 

(1.1) 

171.8 + 262.8 

(1.5) 

5.0 + 10.2 

(2.0) 

82.6 + 127.7 

(1.5) 

16.4 + 31.5 

(1.9) 
301.2 + 755.6 (1.5) 

Median 16.1 102.2 1.0 29.0 4.0 153.1 

a
 Half of LOD value was used in the calculation if residue was not detected. Overnight (16 hr), end of shift urine specimens were obtained from 

consented harvesters. For collection, volunteers were provided insulated carriers, frozen blue ice, a collection cup, and a 3L container (bottle).    
1) Summarized values are depicted as mean + standard deviation (coefficient of variation) (shown in bold).  
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Table 4-27: Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of barehanded strawberry 

harvesters at Safari Farms on study day 7 (2011 field study) 

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose 

50 9.6 63.5 1.0
a
 4.9 6.6 85.6 

51 1.4 132.5 0.7
a
 29.5 9 173.1 

52 18.5 131.4 0.8
a
 45.4 13.5 209.6 

53 14.7 127.4 0.7
a
 14.7 5.6 163.1 

54 1.6 98.6 0.7
a
 3.8 7.8 112.5 

55 14.6 97.4 0.6
a
 100.8 24.6 238 

56 13 123.6 0.6
a
 59.6 19.4 216.2 

57 11.1 41.2 1.1
a
 6.4 5.6 65.4 

58 1.7 85.7 0.8
a
 50.3 22.2 160.7 

59 2.1 77 1.0
a
 2.3 7.1 89.5 

60 22.6 75.7 0.8
a
 58.6 21.8 179.5 

61 75.6 369.8 1.0
a
 210.3 77 733.7 

62 30.9 161.3 1.2
a
 61.2 27.1 281.7 

63 2.7 64.3 1.3
a
 53.5 23.3 145.1 
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Table 4-27 (continued): Creatinine-adjusted levels of malathion biomarkers (nmol/g.creatinine) in urine of barehanded 

strawberry harvesters at Safari Farms on study day 7 (2011 field study) 

Worker ID MMA MDA DMP DMTP DMDTP Reconstructed malathion dose  

64 16.9 58.8 1.3
a
 12.1 9.5 98.6 

65 4.7 39.7 69.5 110.3 28.2 252.4 

66 2 40.6 0.9
a
 17.8 4.4 65.7 

68 47.3 79.8 32.1 16.4 20.4 196 

69 11.3 120.7 1.1
a
 100.6 24.7 258.4 

70 51.1 107.3 134.3 172 47.4 512.1 

71 1.5 42.9 0.7
a
 2 3.7 50.8 

72 20.6 149.4 1.1
a
 183.5 56 410.6 

73 1.1 56.9 0.5
a
 4.8 3.2 66.5 

74 14.7 61.7 1.2
a
 87 20.6 185.2 

75 8.3 80.5 0.7
a
 61.7 10.2 161.4 

76 25.8 91.8 1.0
a
 110.3 16.2 245.1 

Mean + SD 

(CV)  

16.4 + 18.0  

(1.1) 

99.2 + 65.3 

(0.66) 

9.9 + 1.0 

(0.29) 

60.8 + 59.2 

(0.97) 

19.8 + 17.4 

(0.88) 
206.0 + 151.1 (0.73) 

Median 12.15 83.1 1.0 51.9 17.8 176.3 

a
 Half of LOD value was used in the calculation if residue was not detected.

 
Overnight (16 hr), end of shift urine specimens were obtained from 

consented harvesters. For collection, volunteers were provided insulated carriers, frozen blue ice, a collection cup, and a 3L container (bottle).  
 

1) Summarized values are depicted as mean + standard deviation (coefficient of variation) (shown in bold).  
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Table 4-28: Potential dermal exposures (µg/person-day) calculated using the Zweig-

Popendorf relationship for 2009, 2010 and 2011 field studies 

 

Study day following 

pesticide application 

Malathion 

2009 2010 2011 

4 1044.0 2976.0 3391.5 

7 960.0 276.0 384.8 

11 NS 48.0 NS 

14 NS 36.0 NS 

16 120.0 NS NS 

19 84.0 NS NS 

 

Study day Following 

Pesticide Application 

Fenpropathrin 

2009 2010 2011 

4 240.0 276.0 370.5 

7 60.0 168.0 285.0 

11 NS 36.0 NS 

14 NS 36.0 NS 

16 168.0 NS NS 

19 120.0 NS NS 

 

1) Dermal exposures (µg/person-day) were calculated using the Zweig-Popendorf 

relationship = Dislodgeable foliar residues (µg/cm
2
) x Hours worked (hr) x      

Transfer coefficient (cm
2
/hr)  

2) NS = No Sample  

3) In 2009, the first two study days were 3 and 6. 
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Table 4-29:  Corrected malathion internal exposures and absorbed dose for gloved 

harvesters on study day 4 (2011 field study) 

 

Worker ID 
Internal exposure 

(nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose  

(mg/kg-day) 

10 351.6 0.034 0.002 

11 162.4 0.016 0.001 

12 412.1 0.04 0.002 

13 1005.9 0.097 0.005 

14 819.1 0.079 0.004 

15 359.2 0.035 0.002 

17 714.9 0.069 0.003 

18 355.3 0.034 0.001 

19 1691.8 0.163 0.009 

20 1036.0 0.1 0.006 

21 3890.1 0.375 0.026 

22 655.0 0.063 0.004 

23 290.4 0.028 0.001 

24 307.7 0.03 0.002 

25 2147.8 0.207 0.012 

26 582.8 0.056 0.002 

27 4032.9 0.389 0.022 

28 293.9 0.028 0.001 

29 336.8 0.032 0.002 

30 247.4 0.024 0.001 
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Table 4-29 (continued): Corrected malathion internal exposures and absorbed dose 

for gloved harvesters on study day 4 (2011 field study) 

 

Worker ID 
Internal malathion 

exposure (nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose 

(mg/kg-day) 

31 670.0 0.065 0.003 

32 313.5 0.03 0.001 

33 427.6 0.041 0.002 

34 370.9 0.036 0.002 

36 1447.6 0.14 0.008 

38 494.2 0.048 0.003 

Mean 900.6 + 1020.6 (1.1) 0.087 + 0.099 (1.1) 0.0050 + 0.0063 (1.3) 

Median 460.9 0.045 0.0023 

 

1) External harvester exposure calculated using the Zweig Popendorf equation was 

approximately 10300 nmol/day.  

2) Internal harvester exposures was estimated by calculating absorbed dose (mg/kg-day) 

                = nmol/g.creatinine-day x 1.7 g Cn./day x 330.4 ng/nmol malathion 

                                         weight (kg) x  1000 ng/µg  x 1000 µg/mg 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold).  
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Table 4-30: Corrected malathion internal exposures and absorbed dose for 

barehanded harvesters on study day 4 (2011 field study) 

 

Worker ID 
Internal malathion 

exposure (nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose  

(mg/kg-day) 

50 164.9 0.038 0.001 

51 375.9 0.087 0.002 

52 322.3 0.075 0.002 

53 397.3 0.092 0.002 

54 188.2 0.044 0.001 

55 567.0 0.132 0.003 

56 198.1 0.046 0.001 

57 105.9 0.025 0.0005 

58 630.7 0.147 0.003 

59 242.1 0.056 0.001 

60 513.7 0.119 0.003 

61 738.0 0.172 0.003 

62 1027.8 0.239 0.004 

63 976.5 0.227 0.004 

64 442.2 0.103 0.002 

65 410.9 0.096 0.002 

66 394.2 0.092 0.002 

67 179.9 0.042 0.001 

68 583.6 0.136 0.003 

69 549.8 0.128 0.002 
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Table 4-30 (continued): Corrected malathion internal exposures and absorbed dose 

for barehanded harvesters on study day 4 (2011 field study) 

 

Worker ID 
Internal malathion 

exposure (nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose  

(mg/kg-day) 

70 604.4 0.141 0.002 

71 336.6 0.078 0.002 

72 723.2 0.168 0.003 

73 338.1 0.079 0.002 

74 661.5 0.154 0.003 

75 469.9 0.109 0.002 

76 1196.1 0.278 0.006 

Mean 494.0 + 271.9 (0.55) 0.11 + 0.06 (0.55) 0.0023 + 0.001 (0.56) 

Median 442.2 0.10 0.0019 

 

1) External harvester exposure calculated using the Zweig Popendorf equation was 

approximately 4300 nmol/day. 

2) Internal harvester exposures was estimated by calculating absorbed dose (mg/kg-day) 

          = nmol/g.creatinine-day x 1.7 g Cn./day x 330.4 ng/nmol malathion 

                                        weight (kg) x  1000 ng/µg  x 1000 µg/mg 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold).  



 

247 

 

Table 4-31:  Corrected malathion internal exposures and absorbed dose for gloved 

harvesters on study day 7 (2011 field study) 

 

Worker ID 
Internal malathion 

exposure (nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose  

(mg/kg-day) 

10 207.7 0.173 0.001 

11 164.7 0.137 0.001 

12 184.8 0.154 0.001 

13 487.4 0.406 0.003 

14 239.4 0.199 0.001 

15 268.3 0.224 0.001 

17 270.3 0.225 0.001 

18 174.3 0.145 0.001 

19 1057.7 0.881 0.006 

20 383.5 0.320 0.002 

21 2336.1 1.947 0.016 

22 217.1 0.181 0.001 

23 197.0 0.164 0.001 

24 267.6 0.223 0.002 

25 1164.7 0.971 0.007 

26 262.3 0.219 0.001 

27 392.9 0.327 0.002 

28 140.1 0.117 0.001 

29 280.0 0.233 0.001 

30 88.1 0.073 0.0004 
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Table 4-31 (continued): Corrected malathion internal exposures and absorbed dose 

for gloved harvesters on study day 7 (2011 field study) 

 

Worker ID 
Internal malathion 

exposure (nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose  

(mg/kg-day) 

31 NS NS NS 

32 124.8 0.104 0.001 

33 87.2 0.073 0.0004 

34 413.8 0.345 0.002 

36 3303.6 2.753 0.018 

38 89.8 0.075 0.0005 

Mean 512.1 + 755.6 (1.5) 0.43 + 0.63 (1.5) 0.0029 + 0.0045 (1.6) 

Median 262.3 0.22 0.0012 

 

1) External harvester exposure calculated using the Zweig Popendorf equation was 

approximately 1200 nmol/day. 

2) Internal harvester exposures was estimated by calculating absorbed dose (mg/kg-day) 

   = nmol/g.creatinine-day x 1.7 g Cn./day x 330.4 ng/nmol malathion 

                                        weight (kg) x 1000 ng/µg  x 1000 µg/mg 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold).  
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Table 4-32:  Corrected malathion internal exposures and absorbed dose for 

barehanded harvesters on study day 7 (2011 field study) 

 

Worker ID 
Internal malathion 

exposure (nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose  

(mg/kg-day) 

50 145.5 0.243 0.001 

51 294.3 0.490 0.001 

52 356.3 0.594 0.002 

53 277.3 0.462 0.001 

54 191.3 0.319 0.001 

55 404.6 0.674 0.002 

56 367.5 0.613 0.002 

57 111.2 0.185 0.000 

58 273.2 0.455 0.001 

59 152.2 0.254 0.001 

60 305.2 0.509 0.002 

61 1247.3 2.079 0.006 

62 478.9 0.798 0.002 

63 246.7 0.411 0.001 

64 167.6 0.279 0.001 

65 429.1 0.715 0.002 

66 111.7 0.186 0.001 

68 333.2 0.555 0.002 

69 439.3 0.732 0.002 
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Table 4-32 (continued):  Corrected malathion internal exposures and absorbed dose 

for barehanded harvesters on study day 7 

 

Worker ID 
Internal malathion 

exposure (nmol/day) 

Internal exposure 

/external exposure 

Absorbed dose  

(mg/kg-day) 

70 870.6 1.451 0.004 

71 86.4 0.144 0.0004 

72 698.0 1.163 0.003 

73 113.1 0.188 0.001 

74 314.8 0.525 0.002 

75 274.4 0.457 0.001 

76 416.7 0.694 0.002 

Mean 350.2 + 256.8 (0.73) 0.58 + 0.43 (0.73) 0.0016 + 0.0011 (0.72) 

Median 299.71 0.50 0.0013 

 

1) External harvester exposure calculated using the Zweig Popendorf equation was 

approximately 600 nmol/day. 

2) Internal harvester exposures was estimated by calculating absorbed dose (mg/kg-day) 

         = nmol/g.creatinine-day x 1.7 g Cn./day x 330.4 ng/nmol malathion 

                                        weight (kg) x 1000 ng/µg  x 1000 µg/mg 

3) Summarized values are depicted as mean + standard deviation (coefficient of 

variation) (shown in bold).  
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 Table 4-33: Transfer coefficients are not constant during the dissipation of surface 

residues (2011 field study) 

 

Pesticide 

residue 

(year) 

Study days following pesticide application 

4 7 11 14 

Malathion 

(2010) 

4,000 

(0.249) 

26,000 

(0.024) 

27,000 

(0.004) 

24,000 

(0.003) 

Malathion 

(2011) 

6,100 

(0.238) 

13,000 

(0.027) 

NA 

NA 

NA 

NA 

Fenpropathrin 

(2010) 

34,000 

(0.023) 

39,000 

(0.014) 

45,000 

(0.003) 

72,000 

(0.003) 

Fenpropathrin 

(2011) 

31,000 

(0.026) 

15,000 

(0.016) 

NA 

NA 

NA 

NA 

 

1) TCglove(cm
2
/hr)in all white cells 

2) DFR (µg/cm
2
) is represented in paranthesis below the TCglove(cm

2
/hr). 

3) An empirical expression representing the availability of surface residues to the hand 

during strawberry harvesting was formulated:  

Pesticide glove residues (µg/pair)   = Dislodgeable foliar residues (µg/cm
2
) x Hours 

worked (8 hr) x TCglove (cm
2
/hr).   

4) A lower TCglove at a given harvest represents more residue being transferred relative 

to a higher TCglove. 
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Table 4-34: Exposure estimates for malathion from 2011 field study  

DB Specialty Farms, Santa Maria, CA 

 

Safari Farms, Santa Maria, CA 

 
1) Dislodgeable and transferable foliar residues and glove residues, declined 65%-90% from day 4 to day 7 

after malathion application. End of shift hand washes declined by 85%-92% malathion by day 7. 

2) During the same interval the excretion of malathion biomarkers declined only 33%-43%.  

 

*For urine metabolites, the median + interquartile range was calculated.  

Exposure estimate Study day 4 Study day 7 

Decline in potential 

exposure estimate 

from Study day  

4 to 7 

Dislodgeable Foliar 

Residues (µg/cm
2
) 

0.238 +  0.05 0.027 + 0.01 90% 

Transferable Foliar 

Residues (µg/cm
2
) 

0.029 + 0.003 0.0026 + 0.0008 90% 

Pesticide Glove 

Residues (µg/pair) 
13944 + 3318.7 3435 + 1017.2 75% 

Hand washes 

(µg/person) 
33.5 +  43.0 5.2 + 1.7 85% 

Urine biomonitoring* 

(nmol/g.Cn- hr worked)  
28.5 + 38.31 16.24 + 13.54 43% 

Exposure estimate Study day 4 Study day 7 

Decline in potential 

exposure estimate 

from Study day 4 to 

7 

Dislodgeable Foliar 

Residues (µg/cm
2
) 

0.146 + 0.013 0.016 + 0.005 65% 

Transferable Foliar 

Residues (µg/cm
2
) 

0.021 + 0.001 0.003 + 0.002 85% 

Pesticide Glove 

Residues (µg/pair) 
-  - - 

Hand washes 

(µg/person) 
358.2 + 175.24 26.0 + 15.21 92% 

Urine biomonitoring 

(nmol/g.Cn- hr worked) 
40.02 + 26.07 27.12 + 21.73 33% 
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Figure 4-1: Strawberry field study map for the leaf collection sites  

Rosemary Ranch, DB Specialty Farms (2009 field study)  

 

 

 

 

1) The leaf sampling grid has 9 sampling sites arranged about 100 feet from any field 

service roads to avoid dust.  

2) The sampling sites were marked with surveyor flags that remained at the Study Site 

during the entire study.    
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Figure 4-2: Strawberry field study map for the leaf collection sites  

Buss Ranch, DB Specialty Farms, Site: DB-1 (2010 field study) 

 

 
 

 

1) The leaf sampling grid has 10 sampling sites arranged about 100 feet from any field 

service roads to avoid dust.   

2) The sampling sites were marked with surveyor flags that remained at the Study Site 

during the entire study.  
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Figure 4-3: Strawberry field study map for the leaf collection sites  

Buss Ranch, DB Specialty Farms, Site: DB-2 (2010 field study) 

 

 

         

1) The leaf sampling grid has 10 sampling sites arranged about 100 feet from any field 

service roads to avoid dust.   

2) The sampling sites were marked with surveyor flags that remained at the Study Site 

during the entire study.   
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Figure 4-4: Strawberry field study map for the leaf collection sites  

Safari Farms (2010 field study) 

 

 

 

 

 

 

1) The leaf sampling grid has 10 sampling sites arranged about 100 feet from any field 

service roads to avoid dust.   

2) The sampling sites were marked with surveyor flags that remained at the Study Site 

during the entire Strawberry Field Study.   
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Figure 4-5: Strawberry field study map for the leaf collection sites  

DB Specialty Farms (2011 field study) 

 

 

 

 

1) The leaf sampling grid has 10 sampling sites arranged about 100 feet from any field 

service roads to avoid dust.   

2) The sampling sites were marked with surveyor flags that remained at the Study Site 

during the entire Strawberry Field Study.   
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Figure 4-6: Strawberry field study map for the leaf collection sites  

Safari Farms (2011 field study) 

 

 
 

 

1) The leaf sampling grid has 10 sampling sites arranged about 100 feet from any field 

service roads to avoid dust.   

2) The sampling sites were marked with surveyor flags that remained at the Study Site 

during the entire Strawberry Field Study.   
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Figure 4-7: Estimation and biphasic dissipation of dislodgeable foliar residues with 

time (2009 field study) 

    Malathion  

 
 

      Fenpropathrin 
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Figure 4-7 (continued): Estimation and biphasic dissipation of dislodgeable foliar 

residues with time (2009 field study)  

 

Captan 

 

1) Dislodgeable foliar residues are represented as the arithmetic mean + standard 

deviation for each study day.  

2) There were n=3 samples for each study day; sampled using the leaf punch sampler 

and extracted as a detergent rinse from foliar surfaces.  
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Figure 4-8: Estimation and biphasic dissipation of dislodgeable foliar residues with 

time (2010 field study)  

                  Malathion  

 
    

    Fenpropathrin 

 
1) Dislodgeable foliar residues are represented as the arithmetic mean + standard 

deviation for each study day. There were n=5 samples for each study day; sampled as 

whole leaves and extracted as a detergent rinse from foliar surfaces.  
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Figure 4-9: Estimation and biphasic dissipation of dislodgeable foliar residues with 

time (2011 field study) 

 

                  Malathion  

 
      

     Fenpropathrin 

 
1) Dislodgeable foliar residues are represented as the arithmetic mean + standard 

deviation for each study day. There were n=5 samples for each study day; sampled as 

whole leaves and extracted as a detergent rinse from foliar surfaces.  
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Figure 4-10a:  Estimation and biphasic dissipation of malathion dislodgeable foliar 

residues with time (2009, 2010 and 2011 field studies)  

 

   Malathion  

 

 

1) All data values were normalised to the residue at the first sampling day to be 100%.  

2) In 2009, sampling was performed using the leaf punch sampling technique. (n = 3 

samples/day). In 2010 and 2011, sampling was performed using the whole leaf 

sampling technique. (n = 5 samples/day).  
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Figure 4-10b: Estimation and biphasic dissipation of fenpropathrin dislodgeable 

foliar residues with time (2009,2010 and 2011 field studies)   

 

Fenpropathrin 

 

1) All data values were normalised to the residue at the first sampling day to be 

100%.  

2) In 2009, sampling was performed using the leaf punch sampling technique. (n = 3 

samples/day). In 2010 and 2011, sampling was performed using the whole leaf 

sampling technique. (n = 5 samples/day).  
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Figure 4-11: Estimation and biphasic dissipation of transferable foliar residues with 

time (2009 field study)  

         Malathion 

 
 

   Fenpropathrin  
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Figure 4-11 (continued): Estimation and biphasic dissipation of transferable foliar 

residues with time (2009 field study) 

 

       Captan  

 
 

1) Transferable foliar residues are represented as the arithmetic mean + standard 

deviation for each study day.  

2) There were n=3 cotton cloth samples for each study day; sampled as whole leaves 

using the Bench top Surface Roller (BSR).  
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Figure 4-12: Estimation and biphasic dissipation of transferable foliar residues with 

time (2010 field study)  

                Malathion 

 
 

               Fenpropathrin  

 

1) Transferable foliar residues are represented as the arithmetic mean + standard 

deviation for each study day.  

2) There were n=5 cotton cloth samples for each study day; sampled as whole leaves 

using the Bench top Surface Roller (BSR).  
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Figure 4-13: Estimation and biphasic dissipation of transferable foliar residues with 

time (2011 field study) 

                Malathion 

 
 

   Fenpropathrin 

 

1) Transferable foliar residues are represented as the arithmetic mean + standard 

deviation for each study day.  

2) There were n=3 cotton cloth samples for each study day; sampled as whole leaves 

using the Bench top Surface Roller (BSR).  
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Figure 4-14a: Estimation and biphasic dissipation of transferable foliar residues 

with time (2009, 2010 and 2011) 

 

   Malathion  

 

1) All data values were normalised to the residue at the first sampling day to be 

100%.  

2) In 2009, 2010 and 2011, all residues were sampled using the Bench top Surface 

Roller (BSR).  
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Figure 4-14b: Estimation and biphasic dissipation of transferable foliar residues 

with time (2009, 2010 and 2011) 

 

     Fenpropathrin 

 

1) All data values were normalised to the residue at the first sampling day to be 

100%.  

2) In 2009, 2010 and 2011, all residues were sampled using the Bench top Surface 

Roller (BSR).  
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Figure 4-15: Estimation and biphasic dissipation of pesticide glove residues with 

time (2009 field study) 

 

   Malathion 

 
 

   Fenpropathrin 
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Figure 4-15 (continued): Estimation and biphasic dissipation of pesticide glove 

residues with time (2009 field study) 

 

         Captan  

 
 

1) Pesticide glove residues are represented as the arithmetic mean + standard deviation 

during 3 week periods.  

2) In 2009, rubber latex gloves (n = 10) were randomly collected from strawberry 

harvesters during the late morning work period (9: 30 am to 12:00 pm) working at the 

treated field sites at DB Specialty Farms in Santa Maria, CA.   

3) Study days were 4, 7, 11, 17 and 20 days after application. 
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Figure 4-16a: Estimation and biphasic dissipation of malathion glove residues with 

time (2010 field study) 

 

          Malathion  

 
 

1) Malathion glove residues are represented as the arithmetic mean + standard deviation 

during 2 week periods.  

2) In 2010, rubber latex gloves (n = 10) were randomly collected from strawberry 

harvesters working at the treated field sites at DB Specialty Farms in Santa Maria, 

CA.   

3) On each study day, gloves were collected during the early morning and late morning 

work periods. 

4) Study days were 5, 8, 12 and 15 days after application. 
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Figure 4-16b: Estimation and biphasic dissipation of fenpropathrin glove residues 

with time (2010 field study) 

 

      Fenpropathrin 

 

 

1) Fenpropathrin glove residues are represented as the arithmetic mean + standard 

deviation during 2 week periods.  

2) In 2010, rubber latex gloves (n = 10) were randomly collected from strawberry 

harvesters working at the treated field sites at DB Specialty Farms in Santa Maria, 

CA.   

5) On each study day, gloves were collected during the early morning and late morning 

work periods. 

3) Study days were 5, 8, 12 and 15 days after application. 
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Figure 4-17: Accumulation of malathion glove residues on study day 4  

and study day 7 (2011 field study)  
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1) Malathion glove residues are represented as a boxplot.  

2) In 2011, rubber latex gloves were collected from consented strawberry harvesters 

(n=26) working at the treated field sites at DB Specialty Farms in Santa Maria, CA.  

Gloves were collected during all four work periods: early morning, late morning, 

early afternoon and late afternoon.  
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Figure 4-18: Accumulation of fenpropathrin glove residues on study day 4  

and study day 7 (2011 field study)  
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1) Fenpropathrin glove residues are represented as a boxplot.  

2) In 2011, rubber latex gloves were collected from consented strawberry harvesters 

(n=26) working at the treated field sites at DB Specialty Farms in Santa Maria, CA.  

Gloves were collected during all four work periods: early morning, late morning, 

early afternoon and late afternoon.  
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Figure 4-19: Estimation and biphasic dissipation of pesticide glove residues with 

time (2011 field study) 

                     Malathion  

 
 

                  Fenpropathrin 

 
 

1) Pesticide glove residues are represented as the arithmetic mean + standard deviation 

collected during the late morning work period for 3 week periods. In 2011, rubber latex 

gloves were randomly collected from strawberry harvesters working at the treated field 

sites at DB Specialty Farms in Santa Maria, CA.  

2) Study days were 4, 7, 11, 14, 18 and 21 days after application. Fenpropathrin residues 

were estimated on day 21 were high and resulted from a likely application after day 18. 

Since the focus is on the dissipation of residues with time, results are not shown here.  
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Figure 4-20a: Estimation and biphasic dissipation of malathion glove residues with 

time (2009, 2010 and 2011 field studies) 

 

 

 

1) All data values were normalised to the residue at the first sampling day to be 100%.  

2) In 2009, 2010 and 2011, rubber latex gloves were collected from strawberry 

harvesters working at the treated field sites during late morning work periods  

3) Sampling was performed at DB Specialty Farms in Santa Maria, CA during 3 week 

periods.  
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Figure 4-20b: Estimation and biphasic dissipation of fenpropathrin glove residues 

with time (2009, 2010 and 2011 field studies) 

 

 

 

1) All data values were normalised to 100%. to the residue at the first sampling day  

2) In 2009, 2010 and 2011, rubber latex gloves were collected from strawberry 

harvesters working at the treated field sites during late morning work periods  

3) Sampling was performed at DB Specialty Farms in Santa Maria, CA during 3 week 

periods.  
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Figure 4-21 : Transfer and decay of hand wash residues from gloved harvesters with 

time (2011 field study) 

 

           Malathion 

 
 

          Fenpropathrin 

 
 

1) In 2011, hand wash residues were collected from consented strawberry harvesters 

(n=26) working at the treated field sites at DB Specialty Farms in Santa Maria, CA. 

Sampling was performed at the end of shift during two study days. Residues are 

represented as the arithmetic mean + standard deviation. 
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Figure 4-22: Transfer and decay of hand wash residues from barehanded harvesters 

with time (2011 field study) 

 

      Malathion  

          
      

      Fenpropathrin  

                      

1) In 2011, hand wash residues were collected from consented strawberry harvesters 

(n=27) working at the treated field sites at Safari Farms in Santa Maria, CA. 

Sampling was performed at the end of shift during two study days. Residues are 

represented as the arithmetic mean + standard deviation. 
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Figure 4-23: Excreted malathion biomarker residues (nmol/g.creatinine-day-hr 

worked) from gloved harvesters decay with time (2011 field study) 

 

 DB Specialty Farms  

 

1) Overnight urine specimens were obtained from consented strawberry harvesters 

(n=26) who performed normal work activities at DB Specialty Farms in Santa Maria, 

CA.  

2) The volunteers will be provided insulated carriers, frozen blue ice, a collection cup, 

and a 3L urine container.  At the end of shift, harvesters were instructed to collect all 

urine from the end-of-shift until the following morning when they return to work. 

This is about a 14-16 h urine collection period of a 24 h day.  

3) These human subject studies were performed during two study days.  

4) Five major metabolites of malathion excreted in urine were measured to determine 

how much pesticide was absorbed and biomarker excreted during each study day.   

5) Excreted biomarkers are represented as the median + interquartile range. 
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Figure 4-24: Excreted malathion biomarker residues (nmol/g.creatinine-day-hr 

worked) from barehanded harvesters decay with time (2011 field study)  

 

Safari  Farms   

 

1) Overnight urine specimens were obtained from consented strawberry harvesters 

(n=27) who performed normal work activities at Safari Farms in Santa Maria, CA.  

2) The volunteers will be provided insulated carriers, frozen blue ice, a collection cup, 

and a 3L urine container.  At the end of shift, harvesters were instructed to collect all 

urine from the end-of-shift until the following morning when they return to work. 

This is about a 14-16 h urine collection period of a 24 h day.  

3) These human subject studies were performed during two study days.  

4) Five major metabolites of malathion excreted in urine were measured to determine 

how much pesticide was absorbed and biomarker excreted during each study day.   

5) Excreted biomarkers are represented as the median + interquartile range. 
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Figure 4-25: Glove transfer coefficents and dislodgeable foliar residues are  

negatively correlated (2010 and 2011 field studies) 

 

           Malathion  

 
 

           Fenpropathrin  

 
1) Glove transfer coefficients (TCglove; cm

2
/hr) may be expressed as:  

Daylong pesticide glove residue (µg/pair) = dislodgeable foliar residue (µg/cm
2
) x 

TCglove (cm
2
/hr) x hours/day.   

2) When dislodgeable foliar residues were plotted against glove transfer coefficients, an 

increase in TCglove was associated with a corresponding decrease in dislodgeable 

foliar residues by the end of 15 days with R
2
= 0.80 for malathion and R

2
=0.45.  
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Figure 4-26: Relationship between malathion foliar residues with time following 

pesticide application  

 

  
 

Malathion degradation products (total) – All five malathion degradation products (MMA, MDA,    

DMP, DMTP, DMDTP) present in whole leaf homogenates.  

Malathion (total) – Malathion present in whole leaf homogenates.  

Malathion (total) – Malathion dislodgeable foliar residues present on leaf surfaces.  
 

 

1) This graph has been used from Li, 2009  

2) Malathion breakdown products decay at a slower rate than the malathion residue 

present on surfaces and whole leaf homogenates.  
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Appendix 1: Questionnaire results obtained from gloved strawberry harvesters at DB Specialty Farms 

(2011 field study) 

 

Worker 

ID 

number 

How many years of work 

experience as a strawberry 

harvester do you have? 

Do you smoke 

regularly? 

Do you eat 

berries when 

you pick? 

How often do you eat 

fresh fruits/vegetables 

from the market? 

Do you use any 

pesticides 

where you 

live? 

10 16 - 20 years No 1-5 berries Once in 2-3 days No 

11 0-5 years No No Everyday No 

12 6-10 years No 1-5 berries Everyday No 

13 11-15 years No 1-5 berries Everyday No 

14 6-10 years No No Once in 2-3 days No 

15 0-5 years No 1-5 berries Once a week No 

20 0-5 years No No Once in 2-3 days No 

21 0-5 years No 1-5 berries Everyday No 

22 6-10 years No 1-5 berries Once in 2-3 days No 

24 0-5 years No 1-5 berries Everyday No 

25 0-5 years No 1-5 berries Once a week No 
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Appendix 1 (continued): Questionnaire results obtained from gloved strawberry harvesters at DB Specialty Farms 

(2011 field study)  

 

Worker 

ID 

number 

How many years of work 

experience as a strawberry 

harvester do you have? 

Do you smoke 

regularly? 

Do you eat 

berries when 

you pick? 

How often do you eat 

fresh fruits/vegetables 

from the market? 

Do you use any 

pesticides 

where you 

live? 

26 0-5 years No No Once a week No 

28 0-5 years No No Once a week No 

29 0-5 years No 1-5 berries Once in 2-3 days No 

30 0-5 years No 1-5 berries Once in 2-3 days No 

31 ND ND ND ND ND 

32 0-5 years No 1-5 berries Everyday No 

33 6-10 years No 5-10 berries Once a week No 

36 6-10 years No 5-10 berries Everyday Yes 

38 0-5 years No 1-5 berries Once a week No 

 

ND – No data was obtained from this harvester. 
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Appendix 2: Questionnaire results obtained from barehanded strawberry harvesters at Safari Farms 

(2011 field study) 

 

Worker 

ID 

number 

How many years of work 

experience as a strawberry 

harvester do you have? 

Do you smoke 

regularly? 

Do you eat 

berries when 

you pick? 

How often do you eat 

fresh fruits/vegetables 

from the market? 

Do you use any 

pesticides 

where you 

live? 

50 16-20 years No 1-5 berries Everyday No 

51 16-20 years No 1-5 berries Once in 2-3 days No 

52 6-10 years No No Once a week No 

53 6-10 years No No Once in 2-3 days No 

54 6-10 years No 1-5 berries Everyday No 

55 6-10 years No 1-5 berries Once in 2-3 days No 

56 6-10 years No 1-5 berries Everyday No 

57 16-20 years Yes 1-5 berries Once in 2-3 days No 

58 6-10 years No 5-10 berries Once in 2-3 days No 

59 0-5 years No 1-5 berries Everyday No 

60 6-10 years No 1-5 berries Everyday No 

61 6-10 years No 1-5 berries Everyday No 
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Appendix 2 (continued): Questionnaire results obtained from barehanded strawberry harvesters at Safari Farms 

(2011 field study)  

 

Worker 

ID 

number 

How many years of work 

experience as a 

strawberry harvester do 

you have? 

Do you 

smoke 

regularly? 

Do you eat berries 

when you pick? 

How often do you eat 

fresh 

fruits/vegetables 

from the market? 

Do you use any 

pesticides 

where you 

live? 

62 0-5 years No More than 10 berries Once in 2-3 days No 

63 0-5 years No 1-5 berries Everyday No 

64 0-5 years No 1-5 berries Everyday No 

65 6-10 years No 1-5 berries Once in 2-3 days No 

67 6-10 years No No Once a week No 

68 11-15 years No 1-5 berries Everyday No 

69 0-5 years No 1-5 berries Once in 2-3 days No 

70 6-10 years No 5-10 berries Everyday No 

71 0-5 years No 1-5 berries Once in 2-3 days No 

72 20-25 years No More than 10 berries Once in 2-3 days No 

74 0-5 years No 1-5 berries Everyday No 

75 6-10 years No 1-5 berries Once in 2-3 days Yes 

 

  



 

 

2
9
1
 

Appendix 3:  Age, weight, height and Body Mass Index (BMI) of gloved harvesters working at DB Specialty Farms 

(2011 field study) 

 

Worker ID Age (years) Weight (lb) Weight (kg) Height (cm) BMI 

10 30 132 59.4 152.5 25.5 

11 42 161 72.45 161 28.0 

12 26 145 65.25 159.25 25.7 

13 25 141 63.45 159 25.1 

14 21 137 61.65 160 24.1 

15 19 165 74.25 161 28.6 

17 26 163 73.35 171 25.1 

18 37 186 83.7 171 28.6 

19 27 132 59.4 171 20.3 

20 20 119 53.55 156 22.0 

21 20 110 49.5 158.5 19.7 

22 20 126 56.7 166.5 20.5 

23 20 195 87.75 171 30.0 

24 27 123 55.35 152 24.0 

25 19 130 58.5 154 24.7 
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Appendix 3 (continued):  Age, weight, height and Body Mass Index (BMI) of gloved harvesters working at DB Specialty 

Farms (2011 field study) 

 

Worker ID Age (years) Weight (lb) Weight (kg) Height (cm) BMI 

26 19 180 81 163 30.5 

27 21 132 59.4 171 20.3 

28 21 159 71.55 176.5 23.0 

29 27 158 71.1 160.5 27.6 

30 31 165 74.25 178.5 23.3 

31 31 166 74.7 171 25.5 

32 31 155 69.75 165 25.6 

33 33 164 73.8 164.5 27.3 

34 19 126 56.7 171 19.4 

36 20 132 59.4 155 24.7 

38 20 133 59.85 160.5 23.2 

 

25.1 + 6.28 

(0.25) 

147.5 + 22.02 

(0.15) 

66.4 + 9.91 

(0.15) 

163.86 + 7.42 

(0.05) 

24.70 + 3.14 

 (0.13) 

 

1) BMI = Weight (kg) /[Height (m) x Height (m)] 

2) Summarized values are depicted as mean + standard deviation (coefficient of variation) (shown in bold).  
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Appendix 4:  Age, weight, height and Body Mass Index (BMI) of barehanded harvesters working at Safari Farms 

(2011 field study) 

 

Worker ID Age (years) Weight (lb) Weight (kg) Height (cm)  BMI 

50 34 170 76.5 165.5 27.9 

51 39 146 65.7 160.5 25.5 

52 28 144 64.8 160 25.3 

53 32 166 74.7 164.4 27.6 

54 31 177 79.65 167.4 28.4 

55 25 152 68.4 158.4 27.3 

56 30 161 72.45 167 26.0 

57 34 172 77.4 172.5 26.0 

58 29 145 65.25 162.5 24.7 

59 18 155 69.75 178.2 22.0 

60 26 145 65.25 176.8 20.9 

61 30 157 70.65 174 23.3 

62 25 187 84.15 171.9 28.5 

63 26 186 83.7 176 27.0 

64 21 173 77.85 170.3 26.8 

65 25 170 76.5 164.8 28.2 
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Appendix 4 (continued):  Age, weight, height and Body Mass Index (BMI) of barehanded harvesters working at Safari 

Farms (2011 field study)  

 

Worker ID Age (years) Weight (lb) Weight (kg) Height (cm) BMI  

66 33 160 72 171 24.6 

67 ND 154* 70* 160.5 27.2 

68 33 161 72.45 160.5 28.1 

69 19 164 73.8 169 25.8 

70 24 180 81 166.4 29.3 

71 24 161 72.45 161.4 27.8 

72 44 177 79.65 169.3 27.8 

73 26 135 60.75 171 20.8 

74 24 152 68.4 163.9 25.5 

75 34 155 69.75 155.1 29.0 

76 36 140 63 171 21.5 

 

28.9 + 6.10 

(0.21) 

161.2 + 14.18 

(0.09) 

72.5 + 6.38 

(0.09) 

167.01 + 6.08 

(0.04) 

26.2 + 2.36  

(0.09) 

 

      *Since the weight was not recorded, the default weight of 70 kg was used to calculate BMI. 

1) BMI = Weight (kg) /[Height (m) x Height (m)] 

2) Summarized values are depicted as mean + standard deviation (coefficient of variation) (shown in bold).  

3) ND – No data was obtained. 




