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INTRODUCTION

On March 17, 1980, the Environmental Protection Agency (EPA)
and the Department of Labor (DOL) entered into an Interagency
Agreement (IAG) to study the effects of pesticides on youth working
in agriculture. The research was needed to provide information
and data about specific pesticides and crops in relation to waiver
requests anticipated from growers which would authorize employment
of 10 and 11 year-o0ld children in activities normally under the
Fair Labor Standards Act. The I1AG provided that DOL and EPA would
jointly fund these studies, and these resources were then used to
fund research projects with appropriate institutions (universities
and research firms).

The two major areas of EPA research, the 0ffice of Health
Research laboratory animal toxicology studies and the Office of
Pesticide Program's harvester exposure field studies, were conducted
to provide exposure/toxicity information necessary to evaluate
the possible increased hazard of pesticides to young workers.
Results of the toxicological research are available as published
journal articles. (See attached listing of articles)

Regarding the field studies, the O0ffice of Pesticide Programs
funded worker exposure studies through university cooperative
research agreements in California, Colorado, Florida, Iowa, Texas,
Mississippi and South Carolina. Studies on monitoring pesticide
exposure to children and adults during harvesting were conducted
in California, Colorado, Florida, Maine, Mississippi, Michigan,
North Carolina, South Carolina, Oregon, Texas and Wisconsin. The
studies involved seventeen different crops, including: cucumbers,
peas, sugarcane, peanuts, corn, grapes, strawberries, onions,
tobacco, potatoes, blueberries, tomatoes, apples, blackberries,
raspberries, okra and turnips. Thirty different chemicals were
also involved in the studies. (See Matrix)

The following studies consist of the reports generated by the
various university agreements. It should be noted that some of
this data is also available as published journal articles.
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Table of Harvester Exposure Monitoring Field Studies Sites
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mustard greens

STUDY
REF .# |PROJECT NAME (UNIV.) STUDY SITE(S) CHEMICAL /CROP TYPE OF EXPOSURE
. Carbaryl-cucumbers ,Carbaryl/
1 |Mississippi State Univ. Mississippi Toxaphene/Trefl an-peas, Harvester EXpos.
Carbofuran-sugarcane
Carbaryl-cucumbers,Aldicarb-
2 |Mississippi State Univ. |[Mississippi peas,Toxaphene/Methyl Harvester Expos.
parathion-peanuts
Endosul fan-peas,Endosul fan-
3 |Mississippi State Univ. |Mississippi corn,Benamyl-grapes Harvester Expos.
4 |University of Florida Florida Captan-strawberries Foliar Residues
Medical Univ. of Acephate (methamidophos)~-
5 |South Carolina North Carolina tobacco Harvester EXpos.
Aldicarb/Chlarothalonil/
Medical Univ. of Dinoseb/Diquat/Endosul fan/
6 |South Carolina Maine Linuron/Pol yr am/Mancozeb/ Soil Residues
Methamidophos/Methomyl/
Metribuzin/Demeton-potatoes
Medical Univ. of Ethyl parathion/Malathion/
7 [South Carolina North Carolina Benamyl-blueberries Harvester EXpoS.
Medical Univ. of
8 |South Carolina Maine Dinoseb-potatoes Harvester Expos.
Medical Univ. of
9 |South Carolina South Carolina Endosul fan-tamatoes Harvester Expos.
Medical Univ. of
10 {South Carolina North Carolina ULV Malathion-blueberries Harvester Expos.
Toxaphene/Malathion/para-
11 |[Colorado State Univ, Colorado thion(ethyl & methyl)-onions|Harvester Expos.
Malathion/Methiocarb/
12 |Univ. of Iowa Michigan Captofol-blueberries Harvester Expos.
13 [Univ. of Iowa Wisconsin Captan/Guthion/Imidan-apples |Harvester Expos.
California
14 |Univ. of California Oregon Captan-strawberries Harvester Expos.
15 |Univ, of California Oregon Carbaryl-strawberries Harvester EXpos.
16 |univ. of California Oregon Vinclozolin-strawberries Harvester Expos.
17 Juniv. of California California Captan/Benamyl-strawberries |Harvester Expos.
Captan—-strawberries,Vinclo~ |Harvester Expos.
18 |Univ. of California California zolin/Methiocarb/Carbaryl- |Foliage Residues
blueberries
Reentry Simula-
19 [Univ. of California California N/A tion Study(I&Il)
Methiocarb-blueberr ies,Ben-
20 |univ. of California California late-blackberries,raspberries Harvester Expos
21 |[Texas Tech Univ. Texas Carbaryl-okra Harvester Expos.
22 |[Texas Tech Univ. Texas Azinphosmethyl-cucumber Harvester EXxpos.
23 [Texas Tech Univ. Texas Chlorothalonil-tomato Harvester EXpos.
24 |[Texas Tech Univ. Texas Lannate (methomyl )-cucumber |Harvester EXpos.
~ 25 |Texas Tech Univ. Texas Phosdrin(mevinphos)-turnip/ |Harvester Expos.




Youth in Agriculture: Pesticide Exposure to
Strawberry Pickers, 1981

Research performed by

University of California
Richmond, CA 94804

September 1982

10



Abstract

During five field studies in 1981, 78 field workers on three
different strawberry farms in California and one in Oregon were
monitored for dermal exposure to captan. Lower arms and hands
were by far the areas of greatest dermal exposure. A comparison
of dermal dose rate among children (- 11 years) or youths (- 13
years) and adults revealed lower doses to children and youths
than adults. Age and productivity correlate positively with
dermal dose. An increase in age results in higher productivity
and consequently higher dermal exposure. A positive correlation
was found between dislodgeable residues of captan on foliage and
dermal exposure.
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SUMMARY

During five field studies in 1981, 78 field workers on three different
s.rawberry farms in California and one in Oregon were monitored for dermal exposure
to captan, Based on these results and a statistical analysis of these, the
following conclusions were reached:

1. Llewer arms and hands were by far the areas of greatest dermal exposure,

ranging from 7-21% and 60-88% of tctal dermal exposure, respectively.

2. While a positive correlation was observed between aerosol concentration
of captan and dermal exposure, the ratio of dermal and aerosol concentration doses
was found to be approximately 100, suggesting that aerosols do not constitute
a significant route of exposure. .

3. The average hourly dermal exposure by strawberry pitkers to captan ranged
from 4.70 mg/hr to 17.41 mg/hr. Hormalized for body weight, this exposure
calculates to 0.082 mg/kg/hr and 0.310 mg/kg/hr, respectively. The standard
deviations for these exposures were high, indicating large variability of dermal

exposure among harvesters.

_ 4. In terms of absolute dermal dose rate (mg/hr), a comparison between children
(211 years old) or youths (3 13) and corresponding adult groups revealed a trend
toward lower doses to children and youths than adults, but a statistically significant
difference in only one field. When dermal doses are adjusted for body weight/mass
(mg/kg/hr), the corresponding dose rates appear even more equal with higher doses only
to youths in one field.

5. Age and productivity of strawberry pickers appear to correlate positively
with dermal exposure; age and productivity are also cross correlated. Thus, one
may conclude that increasing age results in higher productivity (experience and
motivation); higher productivity results in higher dermal exposure, and consequently,
increasing age of pickers results in higher dermal exposure.

6. No difference was found between dermal exposure by female and male
strawberry harvesters.

. 7. A positive correlation was found between dislodgeable residues of captan on
fol]age and dermal exposure by strawberry pickers, suggesting that dislodgeable
foliar residues represent an important route of dermal exposure of pesticides by
strawberry pickers.

8. Dermal exposure of weeders in strawberry fields averaged 94.13 mg/hr, a
concentration considerably higher than that observed for pickers. The distribution
of dermal concentration on the body of weeders was extremely variable, the hands,
however, receiving the lowest dermal dose, in contrast to the distribution found
among pickers. While this operation is much less frequent than harvesting, the
cause for this higher exposure is only speculative at this time.

ot
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Pesticide Exposure to Strawberry Pickers

-

1981 Sgudies

1.0 INTRODUCTION -

In order to assess the exposure to pesticides by fruit harvesters of all
ages and both sexes, the California Project of the National Pesticide Hazard
Assessment Project (PHAP) of the EPA underzook & saries of field studies during
1981 involving strawberry harvesters. These studies have now been completed,
and the results are given in this report. In order to simplify the chemical
analyses and interpretation of data during the first year's studies, we chose the
fungicide captan (N-trichloromethylthio-4-cyclohexene-1,2-dicarboximide) for
detaiied investigation. Statistical methods were applied to find significance of
difference and linear correlations between several variables 1ike age, sex,
productivity, and groups of individuals, e.g., children (10-11 years old), youths

(less than 13 years of age) and adults. -

02
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2.0 EXPERIMENTAL PROCEDURES

A1l of the field studies which will be described in detail below were
designed to monitor the dermal exposure of strawberry pickers during actual
harvesting of the berries in the early spring (first fruit), middle and late
summer in several locations in California and one location in Oregon. An atterft
was made to select volunteers representing both sexes and children under the age
of thirteen. This was not always successful (see Study No. 5) due to the lack of
appropriate subjects in a particular field situation. Environmental samples like
aerosols, dislodgeable residues on foliage and fruit, and soil residues were also

taken in some of the field experiments. Sampling procedures and analytical methods

will be described in later sections.

03
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2.1 Field Studies

During the Summer of 1981, five pesticide residue studies on strawberry
crops were conducted; four in the Salinas Valley of California and one in
Corvallis, Oregon. The California studies were conducted on May S, July 21,
and two on August 21, 1981 and the Oregon study on June 22, 1981.

The study dates had to be chosen in order not to inconvenience the céoperat-
ing growers and to obtain data from a variety of post-application dates.

In each of these field studies attempts were made to obtain the volunteer
services of about 20 workers, including children and adults of both sexes.

Due to the lateness in harvesting in August, the number of cooperating
pickers was considerably lower, but the results of these studies will

-

nonetheless be reported here.

For each study, the subjects' weight and height were measured before
the pickers entered the field on that particular day. Personal dosimeters
and some personal air samplers were placed on the subjects, as will be described
in the next section, 2.2. Observations were made throughout the work day
on personal clothing (removal of outer garments, etc.), work habits and
peculair traits which might explain abnormal exposure values of individual
pickers. At the end of the work day, each picker reported the total number of
crates he harvested. The crates in California picked for market contain
apout 11 1bs of berries, while the Oregon crates, mostly picked for canning
and processing, contained 13 1bs of strawberries. Distances covered by each

picker throughout the day were estimated for Studies 1 and 3. Dosimeters

(petches and gloves) were removed from the workers and stored in dry ice for future

04
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The following field experiments will now be described in greater detail:

Study Number Site

1 Salinas, CA
Farm A

2 Corvallis, OR

3 Salinas, CA
Farm A

4 Salinas, CA
Farm B

5 Salinas, CA
Farm C

*
Youth defined as 13 years old or younger

05
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A. Field Study No. 1

A Mexican-American farm cooperative located near Salinas, CA, consisted of <w:
40-60 acre plots, one of first.year and the other of second year strawberry blants.
This cooperative farm is owned and operated by member families who each maintain
a designated section of the fields. Family members including children under the
age of ten to eleven work in these fields during harvest time, which in
California extends from about mid April until October-November.

The field study was conducted on a Saturday, May 9, 1981, in order to
observe 10-11 year old pickers, who would be working in the fields only during
the weekend because of school attendance. Ten days prior to the study date, the
fields had been sprayed with several pesticides: captan, benomyl, and
malathion as is shown in Table A-2. The fields on this farm are irrigated by
drip irrigation and furrowed irrigation, and the study area included both sections
of the farm. The study population was composed of 4 subjects age 11 and under
and 16 subjects, 12 years of age and older. -

Temperature was taken at mid-day and measured 73%F in the shade; humidity

was 66%, and the wind speed ranged from 5.7 to 9.1 mph with a few gusts of

13 mph.

B. Field Study No. 2

The object of our studies on strawberry workers and their possible

exposure to pesticides was to observe strawderry pickers in two divergently

06
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different locations. The growind of strawberries in Oregon is quite different
from the practices in California. For example, Oregon varieties of berries,
Benton are usually harvested for about three weeks in June-July. Secondly,
weather conditions might be quite diffrent from those encountered in California.
For example rain fall during the Oregon harvest season is not uncommon. Also,
heavy dew in the morning is much heavier in Oregon than might be found in
California. Furthermore, strawberry harvesters in Oregon are hired hands and
do not necessarily belong to the family which owns the farm. Many school
children work on the strawberry farms during their summer vacation.

The particular site which was chosen for our study in Oregon was
a privately owned strawberry farm in Corvallis, Oregon, and consisted of
15 acres of strawberries on leased land. The berries were of the Benton variety
and two years old when the study was conducted.

The date of our Oregon-study was Monday, June 22, 1981. The fields had
been previously sprayed on May 27, 1981 with captan, benomyi, and carbaryl,
resulting in a 26-day post application date (see T;ble A-10). Twenty-tnree volunteer
subjects ranging in age from 11 to 38 of both sexes were outfitted with dermal
dosimeters as described in Section 2.2 of this reonrt. In additinn
to all other observations made in the California studies, the hands of the
subjects were traced on graph paper in order to estimate their surface area.
The temperature during the day was cool (61-67°F). and some rain fell during
parts of the work day. There was very little wind during the day ranging
from 1.3 to 2.1 mph. Humidity ranged from 77 to 93% RH.

A map of this farm is shown in fig. 1 ; field observations were conducted

jn Areas A and C.

07
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C. Field Study No. 3

This study was conducted on July 21, 1981 on the same cooperative strawberry

farm as in Study No. 1. The study population consisted of 15 pickers (several
other workers discarded their gloves or patches before the end of the workday
and were thus removed from the study) and four weeders. Their ages ranged
from 8 to 42 as is shown in Table (Appendix). One of the “pickers“.who
was six years of age and who only picked less than one crate of berries
during 3 1/2 hours was not included in the evaluation of harvesters' exposure
and will be discussed separately under Results and Discussion, Section 3.
The weather early in the morning, from about 0730 until 0930, was

foggy with the temperature increasing from 53°F to 59° with the relative
humdity decreasing from 28% to 86%. During the early afternoon (1300),

the temperature rose to 76°F and dropped back to 71°F at 1505 hou;s, the

end of the work day. The wind speed in the morning ranged from 2.3-3.0 mph,

but later during the day gusts of wind as high as 16-20 mph were recorded.
Different pesticides had been applied on various dates prior to this
study, as is shown in Table A-2, and the latest captan application occurred

three days prior to our investigation on July 21, 1981.

09
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D. Field Study No. 4
7his study was conducted during the morning of August 21, 1981 on Cooperative
Farm B near Salinas, California. Due to the lateness in the season, there
were few berries and only several families were in the fields picking berries.
Six harvesters were monitored for the same length of time (3.5 hours); their
ages ranged from 8 to 41. The temperature stayed fairly constant during the
time of the study (65 - 63.5°F) with the relative humidity ranging froﬁ
75 to B8:. Wind speed was recorded at 4.5 to 15 mph, and the day could best
be described as "cool and windy".
Pesticide applications were made according to the schedule found in Table A-2%,

and the last application of captan had been made three days prior to the day

of the study.

E. Field Study No. 5 i
Due to the shortage of volunteer subjects found on Cooperative Farm B,

the study team was split up on August 21, 1981, and another group moved to

Cooperative Farm C to perform an additional study on the same day. This

farm was located just a few miles away from Farm B. Ten subjects were studiec,

but no youths or children were working on that day. The weather conditions were

very similar to those recorded for Study No. 4. Pesticide applications had

been made throughout the season as is shown in Table A-28. The interval between

the day of last application of captan and the 21st of August, 1981 was 48 days.

: 10
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2.2 Sampling Procedures

Dermal Exposure to Pesticides —

This project employs a gauze pad as a dermal dosimeter for all areas of
the worker's body except the hands {see Figure 2 and 2). This dosimeter consists
of a 12-ply 3 x 3 inch gauze surgical sponge. A polyethylene "moisture barrier"
is placed on the side of the pad facing the skin of the subject. All of this is
held in a glossy paper envelope. The side of the envelgpe facing away from the
skin has a circular hole 60 mm in diameter exposing 28 cm of the gauze pad.

Body locations for mounting the gauze pad dosimeters are as follows:

Head -- mounted on the side of the head, roughly over one ear, either stapled

to a stretchable head band or taped to the inside of the brim of the
subject's hat (1);

Chest -- mounted over sternum between the pectoral muscles (1);

Back -- mounted over backbone between the scapulae (1);

Upper Arm -- mounted over the deltoid muscles (2);

Lower Arm -- mounted roughly midway between the elbow and wrist on the

dorsal surface (2);
Lower Leg -- mounted roughly midway between the knee and the ankle on the
anterior surface (2).

For ease of ‘mounting and dismounting the patches, the chest, back and upper
arm dosimeters are stapled te T-suirts which are dispensed to the subjects at the
beginning of the work period and collected at the end. The T-shirts are
worn next to the skin of the subject so that the dosimeters will be exposec to

only that portion of the residues that quld eventually reach the skin. Lower arm
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Photograph of Strawberry Picker Qutfitted with
Dosimeters on chest, head, upper and lower arms, and gloves

Farm A, Salinas, CA, 21 July, 1981
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FIGURE 3

Photograph of Family and Friend Outfitted
with Dosimeters
from left to right: father (42yrs ¢1d) son(16), son (8), friend (1,
daughter(12)
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and lower leg patches are taped directly to the skin in the appropriate location

Section No. 2
r

after the T-shirt is donned. The subjects then wear whatever clothing they would
normally wear while working, except that if they were to strip to the waist
(which some male workers in California do) they would continue to wear the
T-shirt bearing the dosimeters.

A hand dosimeter consists of a light-weight cotton glove. For those subjects
who feel uncomfortable wearing gloves picking strawberries, the finger tips of
the thumb and first two fingers will be cut from the glove worn on the picking
hand. This will allow stemming or other delicate manipulations the subject feels

might be hindered by even the 1ight-weight glove employed in this study.

Personal Aerosol Monitors —

Personal breathing zone air samples will be taken on at least two subjects
each working period for two hours. An open-face, 37 mm Millipore cassette
(0.8 u pore size) is mounted on a subject’'s breathing zone and is aspirated at

2.0 2 0.2 Lpm with a belt-mounted portable pump (Figures 4 and 5).

Foliar Samples —

Faliar sampling is accomplished by using a leaf punch equipped with a
3 cm diameter die (see Figure 6). The punch-through action of the device pushes
the leaf disk into a 4-o0z wide-mouth jar which is attached to the punch and which
subsequently serves as the sample storage container. The punch is also equipped
with a resettable counter.

Sample coliection is accomplished by striking out diagonally across the arez
to be sampled, stopping every three or four rows to take a single leaf sample.
The sampiing points are to be distributed throughout the areas of the plants

that the harvester »i11 actually contact. For strawberries, this inciudes all
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FIGURE 4

Photograph of Strawberry Picker Equipped with
Personal Air Sampler
Farm A, Salinas, CA; 21 July, 1981
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FIGURE 5

Air Sampler, Stationary Position
For Measuring Aerosol Concentrations (July 21, 1981)
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parts of the plant, both outer and inner canopy leaves, from either side of the
row, and from the center. The standard sample size is 48 disks. If the edge of
the field is reached before the full complement of leaf disks has been obtained,
the person collecting the sample merely reflects back into the field on a new

diagonal.

Soil Samples -

The soil sampling device has two parts: a three-sided form 10 cm long by
8 cm wide and 8 cm high, which when pressed into the soil surface blocks out
an area 80 cmz; and a small rectangular shovel which fits just inside the form
and has a 1 cm high rim around the sides and back (see Figure 7).

Sampling is accomplished by first shoving the form into the soil several
centimeters. The shovel is then inserted vertically into the soil at the open
face of the form, likewise, several centimeters; and the soil is scraped away
from the form with it to a d;pth of several centimeters. The shovel is then
run into the form horizontally so that it picks up a layer of surface soil the
area of the form and 1 cm deep. The sampling pattern utilized for taking soil
samples is the same as for taking foliage samples, being collected on a diagonal
across the area being harvested by the cooperating pickers. However, since
there are only six "scoops" taken, rather than the 48 sampling sites for the leaf
punches, samples are taken every & to 10 rows., Furthermore, samples are taken
in the area between the planted burms, which is where pickers are physically
located, and where they contact the soil. Soil samples are held in a pader sack

(=4 lunch bag) which is in turn placed in a plastic bag to reduce moisture lcss

in frozen storage. 1 8
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2.3 Chemiczal Analvses

Dosimeters —

Samples consist of one or two pads (one for main trunk or twe for limb
sampie sites) stapled inside paper application packs stored in an RRZ Zip-
lock bag in the freezer. After the samples were removed, the pad together withn
the plastic moisture barrier was transferred to a 125 mL LPE wide-mouth bottle.
Thirty mL of toluene some qf whicnh is used to rinse the baa, were added and the
sample shaken a: about 200 Hz for one hour. Ten mL aliquot 0f the analysate
was reservecd in a gla2ss polyseal vial, and an auto-sampler vial was prepared
from the remainder,

The gloves were treated in a manner similar to that used for the patches
and were also frozen, one pair to a sample bag. 100 mL of toluene was used
to extract ezch pair. If a subject wore more than one pair, the solvent was
increased only to the extent that an aliquot could easily be removed and the
actual amount of solvent was noted.

Aliquots of the extracts were analyzed on a Tracor 222 gas-liquid chromato-
graph, using a mixture of argon-methane as carrier gas (65 ml/min), OVI (10%) on
Supe]co%ort (80/100 mesh), 3' x 2mm (i.d.) column at a column temperature of
2109, using a 63N1‘-e1ectron capture detector. Captan under these conditions elutes
at 1.27 minutes. Quantification was performed by area-integration and expressed

as "micrograms per sample." To calculate dose rate per person, the following

calculations were made:

ma/hr = g pesticide x (crr2 surface area of bodv part)x F
el {cmepatcn) x nr x 1,000

where cmzpat:h = 28 cmz; "cm2 surface area, bocy part", see Table A-1 , and

A indiv. «
1.92

* Body surface of 30-percentile man is 1.92 r \Popendorf and Leffingwell, 1932}
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_Strawberry Leaf Punch and Fruit Samples -

The standard leaf punch sample consisted of 48 3cm leaf disks frozen in
a glass jar with a water-tight plastic cap. Berries were also kept frozen until
being analyzed. After a half-hour thawing period, the leaves or fruit were placed
into a one-pint square Mason jar with the standard 1id and ring closure. Six
drops oF a 20 mg/L solution of dioctyl sodium sulfosuccinate was added to the
sample jar. The surfactant and dust from the leaves were also transferred quan-
titatively to the Mason jar with 100 mL of distilled water. The samples were
shaken for 30 min. on a mechanical shaker platform at about 140 Hz and the liguid
decanted into 50 mL methylene chloride (dichloromethane) in a 500 ml separatory
funnel, using a narrow stemmed funnel to avoid transferring the plant samples. Tnhe
process of washing the samples with surfactant and water was repeated twice.
The separatory funnel was shaken 30 times and the organic layer was drained tnroush
a small funnel plugged with glass wool and filled with anhydrous sodium sulfate into
a 500 mL round-bottomed 24/40 flask. The extraction process was repeated twice more
with fresh 50 mL aliquots of solvent and the combined solvent was rotary evaporated
to about 1 mL. Ten mL of toluene was added and evaporated. This process was repeztes
twice more. The final residue was quantitatively transferred to a 10 mL volumetric
flask. The sample was then ready for gas chromatographic analysis.

The dust which was washed from the leaf surfaces remained in the interfacial
layer in the separatory funnel. This material was filtered onto a pre-weighed

glass filter, dried at 110°C overnight and cooled in a desiccator. Post-weigring of

the filter yielded the folier dust weight.
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Soil Samples -

The samples were sifted through a #10 sieve to break up lumps and remove rocks
twigs and leaves. The sifted sample was mixed and a 250 mL portion was taken,
placed in an ambient vacuum desiccator and dried for 24 hours or more until the
residual moisture was less than 0.5%. A glass soxhlet thimble was prepared by
placing 1.5 cm of acetone washed sand in the bottom to protect the extra-coarse
frit from fouling by scil fines. The thimble was tared and about 30 gm of soil was
added, the weight being taken to four significant figures. The thimble was then
placed in a2 250 mL soxhlet extractor and cycled for four hours. The solvent used
is an azeotropic acetone-hexane mixture {59% - 41%). After extraction, the solvent
was removed by rotary evaporation and replaced by a solvent compatible with the

analytical method to be used - toluene for GC only, acetonitrile for GC plus HPLC.

Aerosol Samples -
Aerosol samples consisted of Millipore disposable cassettes with 37-mm

membrane filters. The filters were dropped from the cassette directly into
a 500-m1 Nalgene LPE wide-mouthed rectangular bottle without the need for manual

transfer. Loose dust was washed off the cassette with hexane which is allowed tc
evaporate on the bottom of the bottle. Captan was then extracted with 30 ml of toluere
by a one-hour shake as is described under "Chemical Analyses - Dosimeters”. The

extract was concentrated or diluted, whichever was necessary, and analyzed by

GLC as described above.
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3.0 RESULTS AND DISCUSSION

The primary aim of these studies was estimation of dermal exposure to
pesticides by strawberry pickers of different ages. These studies were to
be conducted under varying environmental conditions, different pesticide
application schedules, and at two geographic locations on the West Coast.

In the five studies reported here no attempt was made to conduct analyses of
urinary excretion of pesticides or their metabolites. This will be the subject
of subsequent studies. An effort was made to examine a broad spectrum of field
workers and to determine if dermal exposure was related to their age. - The
exposures reported here are estimates for the fungicide captan as experienced
by strawberry harvesters. Extrapolating these data to "dose" can be performed
quantitatively only when the pharmacokinetics and dermal absorption of captan
have been studied. If someone wishes to use these results to calculate absorbed
"dose", he may be able to make an approximation by using generally accepted
absorption rates (about 10%). Quantitative studies on the dermal absorption of
C-14-captan in rats are being conducted presently by Dr. James Knaak at U.C.
Davis in association with the California PHAP. Once these results have been
reported, it may be possible to derive better quantitative data for dose of
captan from dermal exposure.

Of the five studies on captan exposure conducted during 1981, four were
performed on three different strawberry cooperatives in California and one farm
in Oregon., The studies in California were run early in the season (May), during
mid-summer (Jujy) and late summer (August). The temperatures on the study days
were moderate.(61° to 76°F) at relative humidities ranging from 77 to 98%.
Conditions during the Oregon study provided an interesting contrast to those

encountered in California. The strawberry harvest season in Oregon lasts three
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weeks compared to 4-5 months in California. The temperature at the Oregon site
in mid-June was about 10°F cooler than that found at the California study sites
and rain fell at the Oregon site. Another difference which was found was the
pesticide usage pattern (see Appendix).

In the five studies, a total of 73 strawberry pickers were monitored for
dermal concentration of captan. Four weeders and one other atypical subject

were included.

A1l five field studies were conducted under actual harvesting conditions.
No arrangements for special pesticide applications or type of workers were
made. Although this approach had the advantage of spontaﬁeity, the d%sadvantage
was that no control could be exerted on the choice of pesticides used or the
number of children and adults who were harvesting fruit on a particular day. As
a consequence, in Field Study No. 5, no subjects below the age of 13 yrs. were

found, but this study, never-the-less, provided additional data points for over-

all correlations and comparisons.

Dermal Exposure by All Subjects

Comparing dermal exposure to captan by strawberry pickers in all five studies,

it may be seen in Table 1 that the exposures ranged from 4.70 mg/hr to 17.41 mg’/hr;

or 0.082 mg/kg/hr to 0.31 mg/kg/hr. The standard deviations from the means are

very high, clearly illustrating the variability in exposure among different sub-
jects on a particular harvest day. In Study No. 4, the standard deviation was
much lower than in the other four studies, 16.37 mg/hr (S.D. 3.78). The smaller
variabtility amoung subjects in this study might have been due to their small
number (six),'having the same working hours and being equally divided among males
and females.

Dermal exposure to captan experienced by four weeders (Table II) showed an

average concentration of 94 mg/hr (S.D. 120) or 1.7 mg/kg/hr. The variability
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among these four workers was very high as seen in Table II. Worker No. 20 has
a dermal dose of 267 mg/hr compared to the next highest subject, No. 16 with

72 mg/hr. These results will be discussed below under "Dermal Exposure

Distribution.”

Captan Dermal Exposure by Different Age Groups

In order to deal with the small target population of children under 12 years
of age, while assessing the importance of age in exposure, three statistical
approaches were used in the analyses of the results: (a) parallel comparison
between children (age 5 11) and "adults"*; "youth" (age < 13) and vadults"*;
and (c) correlation analyses of different variables, e.g., exposure/age, exposure/
productivity, etc. The first approach is somewhat arbitrary but is mandated by
law. The second classification results in a more equally divided group. Further
statistical support of the 13-year cutoff point will be explored by examining
the effect of age on weight, body surface area, productivity, and exposure (as
is addressed by the third approach). The third approach is more general and
permits qualitative interpretations from viewing the x-y plots and quantitative
evaluations by calculating the correlation coefficients.

A comparison of dermal dose rates and age groups is shown in Tables III and
1V; a detailed statistical treatment of the data may be found in the respective
* tables in the Appendix. To demonstrate that real differences existed between
exposure by age groups, three statistical tests were applied: (1) student's
t-test; (2) the same test on log-transformed data (environmental data is commonly

log-normally distributed, i.e., skewed), and (3) the Wilcoxon nonparametric test.

* "Adults” are classified as being/above the age of "children" or “"youth".
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The p-value is the probability that there is no difference between the
two groups. (A probability of 0.05 or 5% is a common decision criteria.) By
and large, all three statistical tests yielded similar trends, as may be seen
in the respective Appendix tables.

Table III shows that a significantly lower total dermal exposure exists
for children versus adults in Field Study No. 3. ATthough a similar trend is
evident in the results from Studies 1, 2, and 4 (i.e., lower exposure by children),
a statistically significant difference could not be ascertained for these data.

It is noted, however, that all trends indicating any differences between
children and adult exposures disappear when the exposure d;ta are norﬁQTized for
body weight (mg/kg/hr) (see bottom of Table III).

Comparing dermal exposure in youths and adults (Table IV), a similar trend
of lower exposure by youths is observed in all four field studies analyzed, but
in only one study (No. 1) is the difference between the groups statistically
significant. Again, when the exposure data are normalized for body weight
(bottoﬁ of Table 1V), the difference in exposure between the two groups are not
significant with the exception of Field Study 4, in which the dermal exposure
for youth was higher., This result, however, must be tempered by the smallness of
the study population (six subjects).

The conclusion one may draw from these results and their statistical analysis
is that children and youths have lower dermal body exposure during strawberry
harvesting, probably due to the smaller body weight and body surface compared to
those of adults. This hypothesis is proven by positive linear correlations in
three out of five studies. As is shown in Table V, the correlation coefficients
in these three studies for exposure/body surface and exposure/body weight are

all above 0.5 and p £ 0.05. The fact that Field Study No. 5 has a negative
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has a negative correlation can be explained on the basis that the population

consisted only of a small group of ten adults.

Further evidence for age-related exposure may be found in Table 5. A

positive linear correlation is found in all five studies comparing age and
productivity (expressed in crates harvested per hour). The plot shown in Figure
8 depicts the data for all subjects in Field Study No. 1 along with the best-fit
straight line; and, the correlation coefficient is 0.67. The correlation betweern
age and dermal exposure is less clear and significant only for Study No. 1; this
is also graphically shown in Figure 9, depicting age versus total dermal exposure
of all subjects in this study with the best-fit straight line. A linear correla-
tion was found in three of the five field studies for dermal exposure versus
productivity as seen in Table V and Figure 10.

Although the field results are not completely consistent for all five studies,
we can advance a possible explanation for adults being dermally exposed to greater
concen;rations of captan than youths or children. When one compares productivity
(number of strawberry crates harvested per hour) and age of workers, the product-
jvity appears to increase with greater age (or experience) of pickers. Thus,

a possible explanation for higher dermal exposure by adults might be that greater
productivity results in more contact with dislodgeable pesticide residues on
foliage and fruits. Further evidence for this hypothesis will be discussed in

: greater detail under "Dislodgeable Residues and Dermal Exposure).

Individual Variability of Dermal Exposure

As previously discussed and seen from the data in Table 1, large variability
in dermal exposures among individuals is found even during one particular stucy.
The individual variability might be due to age, productivity, and work habits.
These factors are very difficult to separate and study out of context. However,

the 1981 field studies provided some,ézéﬁough limited, data on the intrapersonal
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variability of strawberry harvesters. The way this came about was that Field
Studies 1 and 3 were conducted on the same cooperative, and that fortuitously
three pickers participated in both studies. These three individuals were monit-
ored for captan dermal exposure on two separate dates (May and July). In Table
IV, the dermal exposure for each of the three pickers is shown for Experiments

1 and 3. The ratio of the two sets of exposures was calculated for each worker,
and two of the subjects had about the same ratio (2.51 and 2.56, respectively).
while Subject “B.0." had a higher ratio. An explanation for the ratio being
greater than 1 is that the post-application periods for Experiments 1 and 3 were
13 and 3 days respectively, and the resultant foliar dislodgeable residues were-
2.36 yg/cm? and 3.85 ug/cm?, respectively (see later discussion on page __ ).

It is highly speculative at this time to conclude that the fact that two workers
had the same exposure ratio provides evidence that intrapersonal variability is
smaller than interpersonal variability. Extensive field experiments are in

progress during 1982 to study the variability of exposures among strawberry

pickers.

Captan Exposure Experienced by Male and Female Strawberry Harvesters

The field studies reported here provided a basis to demonstrate whether the
sex of harvesters is a factor in dermal exposure to pesticides. Table VII
summarizes the results from these studies and shows that in one of fhe Studies
(No. 1), the six females received significantly higher exposure than the corres-
ponding 13 male workers (10.04 vs. 4.87 mg/hr). This difference could not be
demonstrated in subsequent studies. It is concluded, therefore, that exposure

differences due to the sex of the picker is probably not a general occurrence.
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Distribution of Dermal Exposure Over Different Parts of the Body

The agricultural practice of strawberry picking is a hand operation in which
the harvester squats, kneels, and sometimes sits between rows of strawberry plants
and picks with two hands. When berries are picked for the fresh-fruit market,
the picker will grab the fruit at the stem about 2 cm below the crown and twist
the fruit off with A fast wrist action. The experienced picker can perform this
operation equally with both hands.

Fruit picked for canning or processing is handled in a different manner.

The harvester will pick the fruit with one hand and pluck the stem off with the
other hand. Strawberries harvested in Oregon went mostly to canneries, while

in California during the early season, the berries were delivered to the fresh-
fruit market. From these observations it appears reasonable to expect that
different parts of the body receive varying concentrations of pesticides depend-
ing on the mode of picking as described above.

Table VIII clearly shows that the hands received the greatest amount of
dermal exposure, ranging from 60 to 85% of total dermal body exposure. The next
highest exposure was seen on the lower arms (7% to 21% of total) and the lower
legs (1% to 10% of total). The remainder of the dermal dose was unevenly
distributed with great variability among the other parts of the body which were
monitored (head, chest, back and upper arms).

The sum of hand and lower arm expecsure calculated to 81-98% of the total
for all field experiments (see Table IX). From these results one may conclude
that the major dermal exposure from hand-harvesting crops grown close to the
ground (e.g., strawberries) occurs on the hands, lower arms and legs of the
harvesters. If one wanted to minimize pesticide exposure to these field workers,

one could provide suitable gloves with gauntlets and reduce dermal exposure

considerably. 29
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A possible explanation for the observation that the lower legs of the
harvesters receive an appreciable concentration of pesticides is the occurrence
of dew during the early morning hours which causes the lower pant legs to become
water soaked and contaminated with dislodgeable pesticide residues.

An atypical case of abnormally high dermal exposure was found on one six-
year old male picker (see Table X). Although classified as a picker, this
young subject probably was playing in the strawberry plants and was becoming
exposed to all parts of his body. Eighty-six percent (86%) of dermal exposure
was concentrated on his chest and stomach. :

Also atypical is the pesticide distribution on the body of the four weeders,
previously discussed (see Table II). These subjects had small amounts of captan
on their hands; Subjects 12 and 16 had the greatest amount on head and neck;
Subject 20 cn his head, neck and lower arm. This last subject also had, by far,
the largest dermal exposure of all 78 subjects studied.

Weeders, as a group, exhibited about five times the dermal exposure found
amoung the highest group of strawberry pickers (see Table 1). The possible
explanation for this high exposure and atypical pesticide distribution on their
bodies may be found in the finding of pesticide soil residues of 6.29 ppm in
the fields where the weeders were employed. The stirring up of contaminated soil
by weeders and playful children will stir up an aerosol which will settle on all

parts of the body resulting in dermal exposure to pesticides adsorbed onto

the dust particles.

Dislodaeable Foliar Residues and Dermal Exposure

A possible source of dermal exposure among strawberry pickers might be the
dislodgeable pesticide residues found on foliage and fruit. As may be seen
from the data in Table XI and Figure 11, a positive linear correlation exists

between dislodgeable foliar residue and total dermal exposure (mg/hr). The data
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were obtained from the five sites where the studies were conducted and the
exposures are the mean volues of all subjects monitored; thus, large experimental
variability is to be expected and, indeed, was found. The plot in Figure 11
includes S.E.M.'s for all data points. A reasonably high correlation coefficient
(r2 = 0.32) indicates that the two variables, dislodgeable residues and dermal
exposure, are dependent.

This correlation is compatible with those of the resuspension of dislodge-
able residues from foliage. In fact, the average ratio of foliar residue (vg/cm?)
to dermal exposure rates (mg/hr) of 5.8 is quite comparable to that for other
crops (Popendorf and Leffingwell, 1982). However, the major deposition onto
the hands of strawberry harvesters (with the subsequent build-up of a detritus
layer on the hands or gloves) and the probable differential absorption among
various body parts may mitigate the health impact of these findings.

Dislodgeable captan residues on strawberry fruit, as shown in Table XII,
range from non-detectable to 1.20 ppm. The residues appear to be indirectly
correlated with time after last pesticide application; i.e., the shorter the
time period, the higher the dislodgeable residugs. At 3 days after last applica-
tion of captan, the residues were about 1 ppm; at 26 days they were non-detectable
or 0.35 ppm, and at 48 days after the last application, the residues were 0.09
and 0.49 ppm. These findings are in agreement with the concept of pesticide

degradation in the field due to biological and environmental factors.

Dislodgeable Foliar Residue Dezay Studies

In three of the field studies, leaf punches from Strawberry plants were taken
at several post-application intervals. Dislodgeable foliar residues were deter-
mined and expressed both as concentration per unit leaf area (ug/cm?) and per

dust weight (ppm in dislodgeable dust) and were plotted against time (days).
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Figures 12 through 17 and Tables XIII - XV show the dislodgeable residue decline
as straight lines on semilog plots with high correlation coefficients

(-0.68 to -0.88). Extrapolation to "0: dislodgeable residues resulted in
approximately 16, 26, and 26 days, respectively, for Field Studies Nos. 1,

2, and 3. There is no ready explanation for the shorter estimated time interval
for Experiment 1, except to consider that weathering and decline of dislodge-
able residues are complex processes, and that field experiments cannot be
expected to be exactly replicable.

Similar observations have been made by Maddy and co-workers (1977) who
studied the decline of total and surface captan residues from leaves of
strawberry plants following pesticide treatment. In one experiment from
Ventura County, surface residue decay was practically linear from 118 ppm
on day-1 to 35.1 ppm on Day-9, following application. Another field observation
near Watsonville (Santa Cruz County) resulted in a rapid decline of captan
residges during the first 26 hours after application of captan, followed by
an almost indiscernible decay during the next six days of observation. This
Jatter observation is akin to our own Field Study No. 2 (see figure 14), except
that a slow decline was observed during the second phase.

A comment regarding pesticide application practices in Oregon and
California §s in order at this point. Strawberries are continuously harvested
in California from about May until sometime in October or November, and
pesticides must be used continuously throughout this period, averaging about
one application every two weeks. In Oregon, on the other hand, all pesticide

applications are made prior to harvest, and rarely do additional applications

occur during the short, three-week harvest period.

32



45
Section No. 3
Revision No. ]
Date: September 1982
Page 11 of __48

For Oregon conditions, therefore, one might be able to establish a
practical reentry period for harvesters based on the time interval at which
dislodgeable residues have disappeared, assuming dislodgeable residues are
the major source of dermal exposure. This restriction would result in
negligible pesticide exposure for strawberry harvesters. This approach,
however, may not be feasible without additional safety factors, as is borne
out by actual field observations (Experiment No. 2). The extrapolated reentry
interval of 26 days (figs. 14 and 15) is contrasted with the occurence of
measurable dislodgeable captan residues (0.71 yg/cmz) and an average d?rmal
exposure by 23 harvesters of 4.70 mg/hr 26 days post app1i&ation (See Table XI).

The reason that this approach may not be feasible for California is
that insect and disease infestation and a longer harvest period in California
require the continuous application of pesticides; so that a negligible residue

level may never be reached before another application is made.

Captan. Aerosol Concentrations

For particulate aerosols, the manual harvester is the proximate source of
his own hazard. Measurements in a quiescent field, such as those by Carman,
et al. (1952) found no aerosol and very low vapor levels shortly after
application of pesticides to orange groves. However, the action of harvesters
who may disturb the dust-laden foliage 20 to 30 days post-application, can
generate locally high concentrations of pesticide contaminate aerosols. The
spatial concentration gradient of such an aerosol near its source is so large
that for a sample to accurately represent the hazard, it must be collected

in the immediate breathing zone of the harvester. Concentrations measured by

general area samplers show the effect of dilution by ambient breezes and
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and particle fallout. Therefore, "breathing zone" personal air samplers are
the logical choice to avoid these interfering effects. Even then, the personal
samplers are limited in their ability to collect all airborne particulates,
but they do collect efficiently the small suspended particles which may be
inhalable and respirable.

Unlike the harvesters of tree-borne crops, whose dermal exposure derives
mainly from larger particles of dust falling on him, the harvester of
hand-picked fruit grown close to the ground, like strawberries, is probably
not exposed to these aerosols to a great extent. Yet it is surprising that
there appears to be a good correlation between aerosol concentration and
dermal exposure (see figure 18 and 19 and Table XVI). W¥hen dose was normalized
for weight of harvester (mg/kg/hr), a linear correlation was retained, as
shown in fig. 13. In these studies, eleven strawberry harvesters were equipped
with personal air samplers with the filter holder positioned in a horizontal
manner in order to collect mostly aerosol particles (see fig. 4). Fixed site
samplers were positioned about 5 ft. above ground as shown in fig. 5. As
shown in Table XIIl, captan aerosol concentrations ranged from 2,7 pg/m3 to
260. ug/ma. Stationary sites for Field Studies 3 and 5 also had measurable
concentrations of captan, but in Field Study No. 1, captan concentration in
aerosols was nondectable.

Assuming that a strawberry harvester works at a moderate physical activity
Jevel and inhales about 1 m3/hr. and assuming that all aerosol particles are
inhalable, the average dermal concentration (see Table 1) is two to three
orders of magnitude higher than the maximum inhalable amount. This observation

is consistent with other crops, and assuming even a moderately low level of
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dermal absorption, clearly demonstrates that pesticide exposure through dermal
contact is much more important than exposure due to inhalation for strawberry

pickers. Obviously. exposure to highly volatile or gaseous pesticides would

alter this ratio drastically.

Captan Soil Residues

Residues of cuptan on sieved soil taken from the strawberry plots on
the days that the monitoring studies were performed, ranged from nondetectable

to 10 ppm, as shown in Tables XVII - XIX.

A detailed soil degradation study of captan was conducted on the ‘Corvallis
strawberry plot (Field Study No. 2). Soil samples were taken on days 0, 1, 3,
7, 14, 21, 23, 26 (date of field study), and 29 post-application. Residues
on Day 1 were 0.57 ppm and on Day 7, 6.56 ppm, and on all other sampling dates
non-detectable. Leaving out the Day-7 sample as an aberration, one may conclude
that the degradation of captan in Oregon soil proceeds rapidly within days of
its application to strawberry plants. (See Table XVII)

Degradation studies on the California plots were complicated by the fact
that pesticides were periodically re-applied, approximately at two week-intervals
during the entire growing season. Thus, captan residues of soil samples from
Coop A near Salinas, California, as may be seen from Table XVIII, appeared
not to decline apprecfably, with the exception of exhibiting some degree of
variability, probably due to sampling techniques (x=3.32 : 2.91). Keeping in
mind that only a single application was made over this period, no trend for
residue decline could be discerned within the first 13 days. During a second
sampling period, no decline of residues in the soil could be seen, as well;

although it is possible that an additional pesticide application was made just

: 33
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Prior to July 31, 1981. Verification of the spray schedule is being made at

this time. Table XIX shows that captan residues in soil did decline after 48
days at Coop C, which is located just a few miles north of Coop A. An attempt
is being made to characterize the soils in both farms.

The Titerature on the decline of captan in soils of various types is
in conflict. Munneck (1952) claims that fungicidal activity of captan in soil
remained almost unchanged for 65 days, suggesting that little or no decline
occurred during this period. Kluge (1969) partially confirmed this finding by
demonstrating that the biological activity of captan did not decrease
appreciably during the first six weeks in two different soils of "H's 7.4 and
5.1. After that, there was a rapid decline observed but unexplained
resurgence of activity at 12 weeks. Griffith and Mathews (1969) using
bioassays, showed a rapid decline of captan within 4 days after it had been
mixed with soil. By applying captan as a simulated seed dressant on glass
beads, the fungicidal activity was almost quantitatively retained even after
21 da}s.

In the experiments reported here, behavior of captan in soil varied from
rel&tive]y high persistence in one soil (Coop A, Salinas, CA) to a rapid decline
in the Oregon soil and a slower rate in another Salinas soil. Based on the
few foil samples which were analyzed, it cannot be ascertained whether soil
residues of captan represent a major source of dermal exposure to pickers.

It is conceivable that weeders (see discussion above) who showed the greatest
dermal exposure of captan of all the subjects studies, might be receiving some
of their dermal dose from these soil residues. Weeding activity undoubtedly

stirs up a large amount of dust which will settle on all parts of the body

of the person present in the cloud.
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Miscellaneous Correlations

In order to understand the major source of dermal exposure of strawberry
harvesters to pesticides, several other attempts were made to perform regression
analyses on a number of variables other than those already discussed above.
Thus, for example, one might expect that the person who works longer hours
picking fruit might receive a higher dermal dose. As seen in Table V, a trend
for negative correlation is obtained for the relationship "hours worked" and
dermal exposure (mg/hr). How can this be explained? We believe that the longer
a person works in the field without changing his body dosimeters (patches and
gloves), the more saturated they become and do not truly measure an accumulative
daily exposure. Since this measure is expressed as an hourly rate, one might
reason that a negative correlation would be predicted by this mechanism. In
order to determine the linearity of dermal dosimeters used throughout these
studies, detailed experiments are in progress during this growing season to
investigate the "saturation points" of these devices. N

fi is reasonable to hypothesize that if such a saturation phenomenon
affects the dosimeter then it may also affect the skin deposit. Studies
incorporating urinary excretion monitoring next year may be useful in clarifying
this year's results.

Another hypothesis to be tested by regression analysis is that daily
exposure to pesticides might correlate with distance covered during a work day.
In only two field studies (2 and 3) were measurements made of how many rows of
strawberry plants each harvester covered during his working period. No such

correlation could be found (Table V), and we must conclude, therefore, that

distance covered is probably not a factor in dermal exposure.
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Mean Dermal Exposure to Captan by Strawberry Pickers and Weeders

Table I

(1981 — Field Studies)

No. of Days after last Numbers of Subjects Dermal Exposure
Experiment / application
Occupation N yrs. 212 yrs. mg/hr mg/kg/hr

1 Pickers 3 4 16 6.50 (5.08) | 0.108.(0.079)
2 Pickers 26 - 2 21 4.70 (4.11) 0,082 (0.077)
3 Pickers q 5 10 17.41 (14.53) | 0.310 (0.200)
3 HWeeders q 2 2 94.13 (118.4) | 1.784 (2.177)
4 Pickers 3 2 4q 16.37 (3.78) | 0.411 (0.18)
5 Pickers 48 0 10 5.88 (3.70) }0.104 (0.072)
( ) = standard deviation.
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Physical Characteristics and Exposure Results of Strawberry Workers (leeders)

Table 1

(Field Study No. 3 — 1981)

Captan Dermal Exposure
ot
et | suanchers | chest |'guer |Uhver | Lover | pands | Total

12 M 8 39 2.5 0.06 0.13 2,21 | 0.43 | 0.37 0.14 0.58 3.91.
16 M 13 49 2.5 56.68 0.10 3.0 { 0.70 | 5.53 0.39 5.52 71.92
20 M N 54 2.5 93.53 0.49 7.32 | 0.29 | 5.57 | 157.35 2.17 266.72
26 F 12 54 2.5 0.90 0.55 28.83| 2.21 | 0.16 0.4 0.90 33.96
MEAN 94.13
S.D. 118.38
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Table 111

Comparison of Dermal Exposure to Captan Experienced by
Adult and Children Strawberry Pickers

(1981 — Field Studies)

54

Expt. Children (< 11) Adults (> 12)

- No. of Subjects E"ggjﬁ:e No. of Subjects E";gj;:e
! & 4.04 15 7.16
2 2 1.96 21 4.97
3 5 7.74" 10 22.25"
4 2 12.64 4 18.24

Exposure Exposure
mg/kg b.w./hr mg/kg b.w./hr

1 4 0.112 15 0.107
3 5 0.240 10 0.345
4 2 0.483 4 0.376

*statistically signficiant at p < 0.05.
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Table IV

Comparison of Dermal Exposure to Captan Experienced by
Adult and Youth Strawberry Pickers

(1981 — Field Studies)

—
Pot | jects | Grow Erposure | Mojects | Grow | e
1 1| adutts (5 14) 8.67" 8 Youths (< 13) 3.53°
2 L 4.91 12 4.53
3 ' 7 22.03 8 - T3
4 3 ' 18.15 3 1.5 |
| !

E Exposure

! mg/kg b.w./hr !
1 11 0.126 8 0.084 [
2 " 0.072 12 0.091 |
3 L 0.300 8 0.319 |
4 3 0.320" 3 o.sos“J

+Sigm‘ficant at p < 0.05.
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Linear Correlations Between Selected Variables

Table V

(1981 — Field Studies)
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Correlation Coefficients

Variables Experiment Number
1 2 3 8 5
Age vs. productivity (crates/hr) 0.67" 0.80* | 0.59% | 0.72 0.74
(p=0.09)
Exposure (mg/hr) vs. productivity 0.76" 0.13 | 0.28 0.96" 0.83%
Log exposure vs. productivity 0.72" 0.28 0.96" 3
Age vs. exposure 0.62% 0.12 | 0.15 0.83 0.25 |
|
Hours worked vs. exposure -0.37 -0.39+ -0.14 n/a -0.64+ |
(p=0.12)
Total daily exposure vs. l
distance covered -—- -0.22 0.15 -- --
Exposure vs. body surface area 0.51% 0.13 {o0.70" | 0.797| -0.2
0.50" 0.11 -l o0.70° | 0.8 -0.33

Exposure vs. body weight

+Stat'isticaﬂy significant, p=0.05.

44
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Table VI
Individual Worker's Variability of Dermal Captan Exposure
——ee— — |
Dermal Exposure
Subject's Ratio
Initials mg/hr
Expt. 1 Expt. 3 Expt. 3/Expt. 1

D.R. 3.87 9.70 2.51

B.O. 2.23 8.32 4.17

J.R. 1.70 4.36 2.56
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Table V11

Dermal Exposure to Captan Experienced by Male and Female Strawberry Harvesters

mm
Experiment . Dermal Concentration
No. No. of Subjects (mg/hr)
1 6 females 10.04 ( 6.63),
13 males 4.87 ( 3.39)
2 11 females 3.83 ( 3.32)
12 males §.51 ( 4.71)
3 3 females 12.29. ( 3.74) 1
12 males 18.69 (16.04)
4 3 females 18.15 ( 2.63)
3 males 14.59 ( 4.38)
5 3 femaies 8.43 ( 4.55)
7 males 4.79 ( 3.00)

*Standard Deviation.
+Statisticany significant at p < 0.05.
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Hand and Lower Arm Exposure to Captan by Strawberry Pickers

I Exposure '
Expt. No. Total Hand + Lower Arm % of Total
mg/hr mg/hr (Weighted av.)
1 6.51 6.15 92.93
2 4.1 3.25 80.80
3 17.41 15.13 _80.82
4 16.37 16.04 97.87
5 5.88 5.04 86.00
Hand Exposure to Captan by Strawberry Pickers
(1981 — Field Studies)
No. of Exposure
Pt Mo subjects | g Hand % of Total
mg/hr mg/hr (Weighted av.)
1 19 6.51 5.53 85.73
2 23 4N 2.83 67.52
3 15 17.41 11.16 59.55
4 6 16.37 14.32 87.69
5 10 5.88 4.38 76.07

47



60

Section No. 3
Revision No.

Date: ctember 1322
Page 27 of 4g

Stt——

Table X
Distribution of Captan Dermal Residues on Various Parts of the Body

Horker No. 29, Field Study No. 3

e e
Body Part Conc;é/giptan % of Total

Head + neck ! 0.39 0.60
Back + shoulders 0.30 0.46
Chest = stomach 55.96 86.53
Lower legs 0.90 1.39
Upper arms 0.47 0.73
Lower arms 1.42 2.20
Hands 5.23 8.09

TOTAL 64.67 100.00

Note: Subject is a six-year old male who worked for
3.5 hours in the field and picked one crate of
strawberries.
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Table XI

Relationsnhip Between Hourly Dermal Exposure and Dislodgeable
Foliar Residues on Strawberry Plants

(1981 — Field Experiments)

— |

Experiment Dermal Exposure Dislodgeable Residue

No. ma/hr ug/cm?

] 6.50 ( 5.08) 2.36 (0.60)"

2 4.70 ( 4.11) 0.71 (0.32)

3 17.41 (14.53) 3.85 (2.84)

*ir
4 16.37 ( 3.78) 1.42
5 5.88 ( 3.70) 1.72 (1.04)

*
( ) values are standard deviations.

ik
Only two values reported; no standard deviation
calculated.
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Table XII
Summary
Dislodgeable Captan Residues From Strawberry Fruits

(1981 — Field Studies)

Study Days Since Last Sample | PPM ]
No. Application No. Captan

2 26 1 Nondetectable

2 26 2 0.35

3 4 1 1M

3 4 2 1.29

4 3 1 1.13

5 48 1 0.49

5 48 2 0.09
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Table XIII
Decline of Foliar Dislodgeable Captan Residues
Field Experiment No. 1
Date of Harvester Monitoring: May 9, 1981
Place: Coop A, Salinas, CA
Temp.: 73°F, 66% RH
Hind Speed: 5.7 - 9.1 mph
Pesticide Treatment: 2 1b captan, April 15-18, 23, and'26, 1981
| Dislodgeable Residue
Days Post-Application | Date 1g/cm2 PPM on Dust
2 | April 23, 1931 9.75 63,500 !
§ May &, 1981 3.03 15,500 |
12 May 8, 1981 0.21 1,360
13 (1) May G, 1981 2.05 13,600
(2) 1.1 9,870
(3) . 2.04 11,000
(4) 2.85 13,900
(5) 3.13 20,700
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Table XIV
Decline of Foliar Dislodgeable Captan Residues
Field Experiment No. 2

Date of Harvester Monitoring: June 22, 1981

Place: Strawberry Farm, Corvallis, OR

Temperature: 61-67°F; some rain

Pesticide Treatments: 2.5 1b captan on May 4,
21, and 27, 1981,

Days after Treatment Date
(1981) ug/cm2 PPM on dust

0 May 27 7.0 " | 306,600 |
0 May 27 6.90 | 330,100 !
1 May 28 9.84 237,100 |
1 May 28 14.70 502,700 |
3 May 30 4.84 15,663
3 | May 30 6.31 68,143 .
7 | June 3 6.42 n3e2e
7 June 3 5.07 12,222

14 June 10 1.55 20,182

14 June 10 0.65 9,924 i

19 June 15 0.06 904

21 June 17 4.91 69,252

21 June 17 0.75 9,665

23 June 19 2.18 26,170

23 June 19 0.41 4,795

26 June 22 0.34 4,509

26 June 22 0.58 7,733

26 June 22 0.84 12,727

26 June 22 1.08 19,285
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Table XV
Decline of Foliar Dislodgeable Captan Residues
Field Experiment No. 3

Date of Harvester Monitoring: July 21, 1981

Place: Co-op A, Salinas, CA

Temperature: 53-7€°F

Pesticide Treatment: 2 1b captar on April 15-18,
April 23, April 26, May 10, .
May 17, May 31, June 7,July 17, 1981

Days Post-Application Date Dislodgeable Residue
(1981) ug/cm? PPM on dust
4 July 21 6.70 21,300
4 July 21 3.39 8,627
4 July 21 5.22 18,514
21 Aug. 11 0.97 3,688
21 Aug. 11 1.77 6,756
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Pesticide Aerosoi Concentration (Captan) Vs. Dermal

-
E—

Exposure of Individual Strawberry Pickers

Subject No./ Rerosol Concn. Dermal Exposures ‘1
Experiment No. ug/m? mg/hr mg/kg/hr
6/1 2.74 2.23 0.050 ‘
131 6.84 4.5] 0.070 !
171 8.41 | 8.44 0.084 |
18/1 70.30 E 14.14 0.179 !
1/3 258.2 ! 56.32 0.655 ?
11/3 127.6 9.32 0.211 |
13/3 109.9 17.67 0.260
22/3 210.3 16.16 0.351
27/3 175.5 7.61 0.152
3/5 22.4 3.62 0.075
6/5 26.9 2.53 0.029
Fixed Sites
Expt. 1 0
Expt. 3 155.1
Expt. 5 144 .4

54
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Table XVII

Captan Soil Residue Decay: Corvallis, OR

- 1 -
Date
Days Since Last Application (1981) PPM Captan
0 May 27 0
1 May 28 0.57
3 May 30 "0 s
7 June 2 6.56 %
i 14 June 9 0 |
21 June 17 0
23 June 19 0
26 June 22* 0
20 June 25 0

* date of human monitoring (Field Experiment No. 2)
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Table XVIII

Captan Soil Residue Decay: Co-op A, Salinas, CA

r==:7 Date
Days Since Latest Application (1981) PPM Captan
2 April 28 3.47
2 April 28 1.58 |
8 | May 4 3.40 :
9 | Mays 0 %
13 ! May 9* 8.63 ;
13 L May o 2.89 %
4 i July 21*= 6.29 !
10 July 27 3.77 !
? July 31 9.16
' ? August 7 7.93

* date of human monitoring (Field Study No. 1)

** date of human monitoring (Field Study No. 3)
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Captan Scil Residue Decay: Co-op C, Salinas, CA

Pate 42:7
Days Since Latest Application (1981) PPM Captan
ra July 31 4.10
34 August 7 0
48 August 21* 0

*Date of human monitoring (Field Experiment No. 5)
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Table A-1

3ody Surface of the 50-Percentile Man

Body Parts

Surface Area
(cml)

Head and neck
Back and shoulder
Chest and stomach
Upper leg

Lower leg

Feet

Upper am

Lower arm

Hands

1

1300
2190
2190
3460
2590
1230
1860
1290
1075%

Popendorf and Leffingwell, 1982

*

Hand surface was not used for total body exposure because glove dosimeter
covered entire surface of hand (see text for details).

7



Section Mo._Aopendix
Revision No.__ 2raf= 1
Date:__ - Septemoer 1982
Page _3 oT_ 43

Field Study No. 1

Site and Location: (Cooperative Farm A, Salinas, California

Date of Study: May 9, 198)

Weather: temp.: med. 73°F; humidity: 663 R.H.; wind speed: 5.7-9.1 mph

Humber and age of subjects: age 11 and under: 4; age 12 and over: 16
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Table A-2

Pesticide Spray History, 1981, Cooperative A, California

Date of s Method of
Asplication Pesticides Product/A AI/A Application/
Final Volume
2/7/81 Lannate SP (90%) 1.0 1b. 0.9 1b. Ground
Thiodan 2E 1.0 gal. 2.0 1b. 3-400 gal/A
Dithane Z 78 3.25 1b. 2.4 1b.
(75%)(ziram)
2/725/21 Sevin Bait (5%) 1.5 1b. 0.075 1b. Ground
3/23 - 3/24/81 Plictran 504 1.5 1b.  0.75 1b.  Ground
Dizzinon 501 2.0 1b. 1.0 1b. 3-400 gal/A
Topsin M 70W 1.0 1b. 0.7 1b.
3/25/81 Topsin M 704 1.0 1b. 0.7 1b. Ground
Plictran 50U 2.0 1b. 1.0 1b. 3-400 gal/A
_ Diazinon 50W 1.0 1b. 0.5 1b.
Bufterol,
Spray Film B
Cytrol (amitrole) 1.0 gal 1.0 1b.
(2 1b./gal.)
4/15 - 4/18/81 Ortho Plictran 2.0 1b. 1.0 1b. Ground

SoW

Ortho Malathion 3.0 1b. 0.75 1b. 3-400 gal/A
25WP

Dupont Benlate 1.0 1b. 0.5 1b.

4/23/81

S0
Ortho Orthocide 4.0 1b. 2.0 1b.
S0W
Orthocide 50U 4.0 1b. 2.0 1b. Air

Benlate DP 50 1.0 1b. 0.5 1b. 20 gal/A
Bufferol
£/26/%1 Crihocide 50 4.0 1b. 2.0 1b. Air
Benlate 50U 1.0 1b. G.5 1b. 20 gal/A
=
Malathion 25 4.0 1b. 1.0 1b. - 74
Eufferol 1.0 pt. 1.0 pt.
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Table A-2 (continued)
Date of - . Method of
Application Pesticides Product/A AlI/A Application/
) Final Volume
5/10/81 Mevinphos 4E 1.5 pt. 0.75 1b. Air
Benlate DP 1.0 1b. 0.5 1b. 20 gal/A
Orthocide 50W 4.0 1b. 2.0 1b.
Bufferol 1.0 pt. 1.0 pt.
5/17/81 Dibrom 8E 1.0 pt. 1.0 1b. Air
Benlate 50W 1.0 1b. 0.5 1b. 20 gal/A
Orthocide 50W 4.0 1b. 2.0 1b. .
Bufferol 1.0 pt. 1.0 pt.
£/31/31 Plictran 504 2.0 1b. 1.0 1b. Ground
Dibrom BE 1.0 pt. 1.0 1b. 3-400 gal/A
Topsin M (70W) 1.0 1b. 0.7 1b,
Orthocide (50W) 3.0 1b. 1.5 1b,
Bufferol 1.0 gal. 1.0 gal.
6/7/81 Dibrom 8E 1.0 pt. 1.0 1b. Air
Benlate 50W 1.0 1b. 0.5 1b. 20 gal/A
Orthocide S0W 4.0 1b. 2.0 1b.
Bufferol 1.0 pt. 1.0 pt.
6/27 - 6/28/81 Diazinon 504 2.0 1b/A 1.0 1b. Ground rig
Dicofol 4E 2.0 qt. 2.0 1b. 3-400 gal/A
Topsin M 70W 1.0 1b. 0.7 1b.
Bufferol 1.0 gal. 1.0 gal.
6/28/81 Dibrom 8E 1.0 pt. 1.0 1b. Air
Oxyflow Sulfur 1.0 qt. 1.5 1b. 10-20 gal/A
(6 1b./gal.)
Bufferol 1.0 gal. 1.0 qal.
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Table A-2 (continued)

Date of . s Method of
. : . Pesticides - Product/A AI/A Aoolication/
Aoplication F?ga}cso}ugé

7/7/81 Dicofol 4E 2.0 qt. 2.0 1b. Ground
Dibrom 8E 1.0 pt. 1.0 1b. 3-400 gal/A
Thiram 65W 2.0 1b. 1.3 1b.
SBufferol 1.0 gal. 1.0 gal.
7/17/81 Phosdrin 4E 1.0 qt. 1.0 1b. Air
Oxyflow Sulfur 1.0 qt. 1.5 1b. 20 gal/A
(6 1b./gal)

Orthocide 50W 4.0 1b. 2.0 1b.
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Physical Characteristics and Work Habits of Strawberry Pickers

rield Study No. 1 - 1981

Weight
kg

34
34
39
&
36
52
54
66
59
61
64
86
73
75
100
79
70
52
66
6o

Productivity

crates/hr

.~
[+

PN R N RY R T, FUY NPT QUL Ry o ¥ o P

.64
.82
.82
.27
.88

17

Hours

UM NIHEUNMYO OO O EUNOOOWOWL

Worked

.50
.78
.78
.33
.33

.25
.92
.25
A7
.58
.42
A7

.42
.25
.25
7
.50
.62

Body Sgrface
m

—‘—I—J—I—IN—I—JNN—J—I—I—J.—J—J—‘—J—J—!
N ok ODNmuD BN
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Table A-4

Exposure Results of Strawberry Pickers

Field Study No. 1 - 1981

Worker . Dermal Exposure (Captan)
I.D.

Total Hands Only
mg/kg /hr*  mg/hr mg/hr  %Total

1 0.099 3.37 3.09 91.79
3 0.050 1.70 1.53  90.15
4 0.099 3.87 3.30 85.32
6 0.050 2.23 1.98  88.47
7 0.200 7.20 6.39  88.74
3 0.076 3.94 3.62  91.91
9 " 0.139 7.53 6.4 85.14

12 0.045 2.98 2.85  95.67

1 0.035 2.04 1.93  94.46

12 0.075 4.50 3.7 80.65

13 0.070 3.51 4.07 90.34

14 0.209 18.00 12.88  71.50

15 0.080 5.86 5.37  91.63

15 0.102 7.64 6.67 87.32

17 0.084 8.44 8.06  95.44

18 0.179 14.14 11.25  79.61

12 0.045 3.14 1.56  49.34

22 0.356 18.51 17.27  93.30

23 0.059 3.89 3.02 77.78

MEANS 0.108 6.50 5.53 85.73
5.D. (0.079) (5.08) (4.25) (10.89)

* kg of body weight
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Comparison of Captan Exposure By Different Groups of Strawberry Pickers
Total Dermal Exposure (per hour)

Field Study No. 1 - 1981

Group Average No. of Captan Concentration Statistics
Age Subjects (mg/hr) p-Values*

Mean S.D. (1) (2) (3)
adults (31;) 19.8 15 7.16 5.46 0.286 0.250 0.2
Children (311) 10.25 4 4.04 2.31
Adults (<14) 22.5 h 8.67F 5.67
Youths (%13) 1.4 8 3.53+ 1.74 0.015 0.008 0.012
Female 6 10.04+ 6.63 - -
l"‘la]e ]3 4.87+ 3.35 0.]20 0.030 0-039

*
(1) Assuming normal distribution of data
(2) Assuming nat. log normal cistribution of data (skewed)
(2)

Wiicoxon nonparametric test

+P;’O.OS is considered significantly different (95% probability)
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Table A-6

Comparison of Captan Exposure by Different Groups of Strawberry Pickers

Group

Adults (232)
Children (=11)

Adults (214)
Youths (=13)

Female
Male

N
N —
— —

Total Dermal Exposure Normalized for Body Weight (mg/kg/hr)

Field Study No. 1 - 198}

No. of Subjects

Captan Concentration

(mg/kg/hr)
Mean S.D. (1)
01z oo 0918
008 0083 0262
B e

Statistics
p-Values™

(2) (3)
0.690 0.582
0.231 0.302
0.057 0.058

Assuming normal distribution of data
Assuning nat. log normal distribution
Wilcoxon nonparametric test
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Table A-7

Captan Dermal Exposure to Various Parts of the Body

Field Study No. 1 - 1981 (19 subjects)

Body Part Exposure
Weighted average

mg/hr Percent of total *
iMean S.D. :

Head + neck - 0.032 (0.040) 0.63%
Back + shoulder 0.084 (0.186) 1.37
Chest + stomach 0.044 (0.078) 1.17
Lower leg 0.165 (0.179) 3.30
Upper arms 0.034 (0.054) 0.59
Lower arms 0.622 (1.179) 7.20
Hands 5.5825 (4.243) g5.73
Total 6.505 (5.080) 100.00
Other than hands 0.981 (1.202) 14.27

*

Note: Average percentages are calculated as averages of individual
percentages which explains the discrepancy between these values shown
in the table and calculated percentages based on the means.
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Table A-8

Aerosol Concentration of Captan on Individual Workers

Field Study No. 1 - 1981

Subject No. Aerpsol Congn. Dermal Exposure
/pg/m3 mg/hr mg/kg/hr
6 2.74 2.23 0.050
13 6.84 4.5] 0.070
17 8.41 8.44 0.084
18 70.3 14.14 0.17¢9
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Table A-9

Pearson Correlation Coefficients for Variables

rield Experiment No. 1 - 1981

Variables Correlation Coefficients .
Age vs precductivity 0.669"
Total exposure vs oroductivity 0.755+
Log total expasure vs productivity 0.715+
AGe vs. totail axposure 0.515"
Hours worked vs total exposure - 0.369 (p=0.12)

Statistically significant at P%0.05
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Field Study No. 2

Site and Location: Farm in Corvallis, Oregon

Date of Study: June 22, 1981

Weather: temp.: 61-67°F; some rain; 77-93% R.H.; no wind (1.3-2.1 miph)
Number and age of subjects: 23 (ages 11-38)
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earson Correlation Coefficients for Variables

rield Experiment No.

Variables
Age vs precductivity
Total exposure vs oroductivity
Log total exposure vs productivity
AGE VvS. total axposure

Hours worked vs total exposure

] . . . pe < =
Statistically significant at PS0.05

T - 1981

Correlation Coefficients .

o o o
[e]]
—
s

.369 (p=0.12)

83

95



Section No._Appendix
Revision No._pDraft 1
Date:___September 1982
Page _ 12 of 43

Field Study Mo. 2

Site and Locat‘idn: Farm in Corvallis, Oregon

Date of Study: June 22, 1981

Weather: temp.: 61-67°F; some rain; 77-93% R.H.; no wind (1.3-2.1 mph)

Number and age of subjects: 23 (ages 11-38)




Table A-10

97

Section MNo. Apnendix
Revision No. Jraft
Date: Sepzerper 1282
Page 13 of 43

Pesticide Spray History; Strawberry Farm in Crovallis, Ore. During 1981

Crop: Strawberries (Benzon)

Acres: 15

Application Equip: Side delivery air blast sprayer
@ 20 gallons finished spray/acre

Rate
Date Pesticide Formulation Form Al PET
M2y 4 Thiodan S50Z WP 2 1b/ac 1.0 1b/ac
Captan 50% w? S 1b/ac 2.5 1b/ac «9 days
+ B-1956 (spr-stick)
May 11 Benlare SO% WP 1 1b/ac 0.5 1b/ac 42 days
+ Ag-98 (sprestick)

May 21 Captan 507 WP S 1b/ac 2.5 1b/ac 32 days
May 27 Captan S0Z wp 5 1b/ac 2.5 1b/ac 26 cays
Benlate S0Z Wp 1 1b/ac 0.5 1b/ac
Sexin 807 WP 11/3 1b/ac 1.0 1b/ac
MSR 2 £/G 11/2 pts/ac 0.38 1lb/ac

+ AG-98 (spr-stick)
June 22 Harvest 0 days
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Captan Dermal Exposure By Various parts of the Body

Field Study No. 2 - 1981 (23 subjects)

Body Part Exposure
ma/hr Weighted Average
HMean S.D. Percent of Total

Head + neck 0.174 0.573 2.92
Back + shoulder 0.247 0.982 3.36
Chest + stomacn 0.047 0.106 1.15
Lower legs 0.303 1.565 6.96
Upper arms 0.452 1.800 4.82
Lower arms 0.460 0.594 13.28
Hands 2.825 2.862 67.52
Total 4.707 4,107 100.00
Other than hands 1.882 2,806 32.48
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Table A-12

Physical Characteristics and Work Habits of Strawberry Pickers

Field Study No. 2 - 1981

Worker Sex Age Weight Productivity Dis<ance iJurs Bodymiurface
I.0. kg crates/hr covered worked
pid
1 F 20 57 1.45 202 6.92 1.6
2 F 15 69 1.01 225 5.92 1.6
3 F 38 60 1.39 225 5.92 1.6
4 F 13 41 1.28 130 6.25 1.3
5 M 38 68 1.90 324 6.85 1.8
) F 37 82 1.65 324 6.85 1.9
7 i 13 49 0.85 180 6.57 1.4
8 M 17 71 1.26 270 6.33 1.9
9 M 13 70 0.92 174 5.50 1.2
10 M 13 70 0.92 180 6.50 1.8
N 3 13 42 0.77 90 6.50 1.4
12 F 13 79 0.31 39 6.50 . 1.8
13 F 20 70 1.57 239 6.37 1.8
- M 17 72 1.04 180 6.25 1.9
15 i 13 60 1.20 180 5.75 1.7
16 M 12 43 0.64 119 6.38 1.4
H F é5 93 0.97 130 6.58 2.1
18 r 38 67 1.73 225 6.92 1.8
19 F 13 48 0.82 225 6.50 1.5
20 Y| 11 35 0.64 180 6.25 1.2
<l i 11 44 0.54 90 6.28 1.4
22 M 12 45 0.83 180 6.50 1.4
23 i 14 61 1.36 Ky 2 6.83 1.6
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Table A-13

Exposure Results of Strawberry Pickers

Field Study No. 2 - 1981

Worker Dermal Exposure(Captan)
1.D.
Total Hands Only
mg/kg / hr~= mg/hr . mg/nr % Total
1 0.104 5.94 2.86 48.14
2 0.038 2.26 1.72 76.18
3 0.073 4.39 4.34 98.80
4 0.011 0.45 0.30 66.16
5 0.155 10.31 1.8 11.22
6 0.058 4.72 2.48 52.70
7 0.240 11.77 4.43 37.64
8 0.019 1.37 1.32 95.80
9 0.055 3.86 2.36 61.23
10 0.041 2.37 1.58 35.20
1 0.293 12.32 3.09 25.09
12 0.027 2.18 1.65 78.45
13 0.061 4.27 3.75 87.94
14 0.205 14.73 13.38 80.80
15 0.154 9.24 8.00 86.544
16 0.076 3.26 2.31 70.80
17 0.011 1.05 0.70 66.58
18 0.053 3.53 3.07 86.98
19 0.021 1.00 0.87 87.00
20 0.033 1.16 0.93 80.14
21 0.063 2.77 0.64 23.09
22 0.077 3.45 3.06 88.65
23 0.020 1.1 c.93 77.77
MEANS 0.082 4.70 2.83 67.52
S.D. (0.077) (4.11) (2.86) (24.68)

* kg of bocy weight
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Table A-14

Comparison of Captan Exposure by Different Groups of
Strawberry Pickers

Field Study No. 2 - 1981

Permal Exposure Expressed in mg/hr

Group Average Age No. of subjects Captan Conc. Statistics

mg/hr n-Values *

Mean S.D. (1) (2) {3)

Adults (212) 18.71 21 2,97 4.20 - -

Children ($11)  11.00 2 1.96 1.14 0.33 0.35 0.2
Adults (214) 26.00 1 4.9 4.24

Youths (£13) 12.50 12 4.53 4.1 0-83 0.67 0.48
Females 1 3.83 3.32

Males 12 559 4,77 0.3 0.36 0.6

Dermal Exposure Expressed in ma/kg/hr

Adults (212) 0.085  0.080 -

Adults (214) 0.072  0.080 - - -
Youths (<13) 0.091 o0.097 0:37 0.74 C.72
Females 0.068  0.080 i
Males 0.095 0.075 0-42 0.2¢ 0.65
¥

(1) Assuming normal distribution of data
{2) Assuming natural loc normal distribution
(3) Wilcoxon nonparametric test
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Pearson Correlation Coerficients for Variables

Field Experiment No. 2 - 1981

Variables Correlation Coefficient
Age vs Productivity 0.795 *

Hours worked vs *otal excosure -0.394 *
Sroductivity vs *otal exposure 0.127
Productivity vs log total exposure 0.173

Age vs total exposure 0.120

S-=atistically significant at p< 0.05
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Field Study No. 3

Site and Location: Cooperative Farm A, Salinas, California

Date of Study: July 21, 1981

Weather: fog early morning; temp. 53-39°F, early morning, rising to 76°
in the afternoon. little wind in the morning (2,3-3.0 mph).
gusts of wind in the afternoon (16-20 mph).

Numper and age of subjects: 15 pickers (ages 8-42); 4 weeders, 1 extra (6 yrs)
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Table A-16

Physical Characteristics and Work Habits of Strawberry Pickars

Tield Study No. 3 - 1981

Worker Sex Age Weight Distance Productivity Hours Body Surface
1.D kg cm;ered crates/hr Worked m
t
1 M 21 86 n/a 3.45 5.73 2.00
3 M 42 68 1300 2.23 6.70 1.75
4 F 11 41 3000 3.04 5.92 1.30
5 F 1 32 1200 0.84 7.17 1.10
7 M 9 27 600 1.02 3.92 1.00
9 M 10 35 1500 1.69 5.90 1.00
10 M 17 61 2700 2.79 7.17 1.70
11 H 13 44 1800 2.02 6.42 1.40
13 bl 18 68 2400 2.51 7.17 1.80
14 r 27 71 673 1.82 5.50 1.80
15 M i35 51 1800 1.57 7.17 1.50
17 M 27 84 1200 3.75 4.80 1.95
18 M 41 73 6000 7.69 6.50 1.80
19 F 23 50 1200 3.20 3.75 1.45
21 M 11 36 n/a n/a 4.67 1.20
22 M 12 45 1300 1.71 7.00 1.35
z3 F 27 60 1560 2.15 6.50 1.55
27 M 17 50 1200 2.61 3.83 1.50
28 M 12 54 600 1.14 3.50 1.50
29 & 6 22 600 0.29 3.42 0.90
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£xposure rResults

worker '/
1.0.
Total

ng/kg b.w./nr mg/hr

1 0.655 56.32
3 0.169 11.53
4 0.237 9.70
5 0.331 10.59
7 0.470 12.70
9 0.125 4.36
10 0.369 21.91
11 0.2 9.32
13 0.260 17.67
14 0.233 16.57
17 0.270 22.62
21 0.038 1.37
22 0.351 16.16
27 0.152 7.81
28 0.791 42.74
(29 2.940 64.67
MEAN VALUES 0.310 17.41
s.D. (0.200) (12.53)

Subjects i3,
+ne study.

Table A-17

Field Study No. 3 - 1981

Section No. Appendix

Revision No._ Draft )

Date: _September 1982
of ___ 43

Page 23

of Strawberry Pickers

Dermal Exposure (Captan)

Hands Only
mg/hr » iotal
36.82 65.38
5.19 45.04
7.04 72.61
3.29 31.09
8.14 64.10
3.00 68.80
13.84 63.15
6.85 73.30
13.95 78.91
4.62 27.87
14.65 64.74
0.36 25.95
11.33 70.09
4.86 63.79
33.43 78.22
5.23 8.09)
11.16 59.55
(10.86)  (13.03)

19, and 23 were deleted due to failure to wear gloves throughout
Subject 29 was deleted as explained in tne text.
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Table A-18

Comparison of Captan Dermal Exposure by Different Groups
of Strawberry Pickers

Field Study No. 3 - 1981

Exposure expressed in milligrams/hour

Group Average Age No. of Captan Conc Statistics
subjects mg/hr p-Values*
Mean S.D. (1) (2) (3)
Adults (212) 20.7 10 22.25: 15.52 0.07 0.01 0.03
Children (e11) 10.4 5 7.74 4.70
Adults (214) 24.14 7 22.03 16.04 0.26 0.13 0.09
Youths (%13) 11.25 8 13.37 12.72
females 3 12.29 3.74
Males 12 18.69  i6.04 0-32 0.0 0.72

*
(1) Assuming normal distribution of data
(2) Assuming log normal distribution of data
(3) Wilcoxon nonparametric test

+
Statistically different at p£0.05

Exposure Expressed in mg/kg b.w./hour

AGults (212) 0.345 0.213
Adulss (314 0.300 0.171
Youths 55133 0.319 0.23¢ 0-86 0.77 0.95
Females 0.267 0.053
0 223 069 0.91 0.94

Males 94 0.321
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Table A-20

Correlation Coefficients for Variables of Strawberry Pickers

Field Experiment No. 3 - 1981

Variables Correlation Coefficient*
Age vs. Productivity 0.59" (S)
Hours vs. total hourly exposure -0.14
Productivity vs. total hourly exposure 0.28
Productivity vs log total hourly exposure 0.28
Age vs. total hourly exposure 0.15
Total daily exposure vs. distance covered 0.15

*

(S)= Spearman correlation coefficient; ali others ara Pearson's

+
Significant at € 0.05 p
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“ield Studv No. 4

Site and Location: Cooperative Farm B, Salinas, Caiifornia

Date of Study: August 21, 19881

Weather: Temp.: 65-69.5°F; 75-88% R.H.; wind speed; 4.5-15 mph.

-

number and age of subjects: 6 harvasters {ages 8-41)
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Cooperative Farm B, California, 1981

Date of .. Method
Aoplicaton Pesticides Product/A  AI/A Apgngat?:n y
Final Volume
4/26/87 Diazinon 24 oz 300 gal water
Orthocide 4.5 1b
Benlate 50W 12 oz
Kelthane 24 0z
6/24/81 Malathion 25W 4.0 1b. 1.0 1b. Hand rig
Banlate 504 0.75 1b. 0.37 1b. 300 gal/A
Orthocide 50W 4.5 1b. 2.25 1b.
3/5/81 Malathion 25W 4.0 1b. 1.0 1b. Hand rig
Benlate 50W 0.75 1b. 0.37_1b. 300 gal/A
Orthocide S0W 4.5 1b. 2.25 1b.
8/15/81 Plictran 50W 2.5 1b. 1.25 1b. Hand rig
Malathion 25W 4.0 1b. 1.0 1b. 200 gal/A
Benlate 50W 0.75 1b. 0.37 1b.
Orthocide 50W 4.5 1b. 2.25 1b.
8/15/81 Kelthane 25W 6.75 1b. 1.7 1b. Hand
Malathion 25W 4.0 1b. 1.0 1b. Applied only to
Benlate 504 1.01b. 0.5 1b 2nd year berries
Orthocide 50W 4.0 1b. 2.0 1b.

97
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Physical Characteristics and vork Habits of Strawberry liorkers

Field Stucy No. 4 - 7981

Worker Sex Age Weight Productivity Hours Bodymgurface
1.D. kg crates/hr worked
2 £ 41 72 1.43 2.48 1.70
9 M 3 25 J.57 3.48 1.00

10 F 14 30 1.15 3.48 1.50

12 M 9 27 0.57 3.48 1.00

15 F 15 50 1.15 3.48 1.50

16 M 13 34 i.44 3.48 1.30
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Table A-23

Exposure Results of Strawberry Pickers

Field Study No. 4 - 1981

th)rker Dermal Exposure (Captan)
.D.
Total Hands Only
mg/kg b.w./hr mg/hr mg/hr %» Total
2 0.294 21.18 18.71 88.32
9 0.394 §5.84 9.17 93.14
10 0.330 16.52 13.62 - 82.45
12 0.57 15.44 12.84 83.21
15 0.335 16.75 14.57 86.97
16 0.544 18.49 17.01 92.01
MEANS 0.411 - 16.37 14.32 87.69
S.D. (0.118) (3.78) (3.348) ( 4.40)
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Comparison of Captan Exposure by Different Groups of Strawberry Pickers

Dermal Exposure in miliigrams/hour

Study No. 4 - {981

Group Average Age No. of Captan Concn . Statistics
subjects mg/hr p-Values*
Mean s.0. (1) (2) (3)

Adults (212) 20.8 4 18.24 2.15

Children (511) 8.5 2 12.64 3.96 0-08 0.08 0.1

Adults (214) 23.3 3 18.15 2.63

Youths (%13) 10.0 3 14.59 4.33 0-29 0.30 0.38

Femaies k} 18.15 2.63

Males 3 14.53 4.33 0-2% 0.30 0.38

Dermal Exposure in milligrams/ka™/hour

Adults (212) 0.376 0.113 - -

Adults (214) 0.320" 0.022

Youths {13) 0.503" 0 095 0-932 0.024 0.08

Femiaies 0.320% 0.022 A A

Males 0'5034. 0.096 0.032 0.024 0.28

) Assuming normal distribution of catz

(1
\2) Assuming log normal (natural log) aistribution of data
(3

) Wilcoxen nonparame<ric test

T kg of body weight

. - 4 -
Statistizally significantiy aifferent at 5=2.03

100
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Table A-25

Captan Exposure by Various Parts of the Body of Strawberry
Pickers. Field Study No. 4 (6 subjects)

Body Part Exposure
mg/hr S.D. % of total
(weighted average)

Head + neck 0.057 0.056 0.32
Back + snoulder 0.067 0.973 0.39 °
Lnest + stomach 0.035 0.017 0.25
Lower leg 0.161 0.169 0.95
Upper arms 0.038 0.037 0.24
Lower arms 1.691 0.801 10.18
Hands 14.320 3.340 87.69
Total 16.370 3.776 100.00
Other than hanas 2.050 0.828 12.31

. 101
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Table A-26

!

Spearman Correlation Coefficients for Different Variables

Field Experiment No. 4 - 1981

Variables Lorrelation Coefficient
Age vs productivity 0.717
Age vs total dose 0.829+
Productivity vs total dose 0.956"

Log (1n) total dose vs productivity 0.956"

+ Significant at € 0.05 p

102
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Table A-27

Disiodgeable Captan Residues from Scrawperry Leaves

Field Study No. 4 - 1981

Samale No. Captan Concantration
/yg/cmz PPM on dust

3.1 2.74 8867

3.2 0.10 376

103
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Field Study Neo. 3

Site and Loacation: -Cooperative Farm C, Saiinas, California

Date of Study: Auggst 21, 1981

Weather: Temp.: 65-6915°F; 75-88% R.H.; wind speed: 4.5-15 mpn.

Number and age of subjects: 10 pickers (apove age 11)

ay

104
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Page

Apptication Pesticides _ Product/A  AI/A R
_ Final Volume
3/31 - 4/1/81 Plictran S0OW 2 1b. 1.0 1b. Ground
Diazinon 50W 1 1b. 0.5 1b. 600 gal/A
Topsin M (70W) 1 1b. 0.7 1b.
Thiodan 2E 1 gal. 2.0 1b.
Moretrol 4E 1 qt. 1.0 -1b.
2/17/8% Benlate 50N 1 1b. 0.5 1b. Air
Orthocide 50W 4 1b. 2.0 1b. 20 gal/A
Bufferol 1 pt. 1.0 pt.
5/17/81 Dibrom 8E 1 pt. 1.0 1b. Air
Oxyflow Sulfur 1 qt. 1.5 1b. 20 gal/A
Topsin M 1 1b. 0.7 1b.
Bufferol 1 pt. 1.0 pt.
¢/7/81 Dibrom BE 1 pt. 1.0 1b. Air
Benlate 50W 1 1b. 0.5 1b. 20 gal/A
Orthocide SOW 4 1b. 2.0 1b.
Bufferol 1 pt. 1.0 pt.
7/4/21 Phosdrin 4 1 qt. 1.0 1b. 40 Acres
Benlate 1 1b. 0.5 1b. sprayed by air
Orthocide 50 2 1b. 1.0 1b. 20 gal/A
Bufferol 1 pt. 1.0 pt.
1/39/81 Phesdrin 4 1 pt. 1.0 1b. Helicopter
Oxyflow Sulfur 1 qt. 1.5 1b. 20 gal/A
Topsin M (704) 1 1b. 0.7 1b.
Bufferol 1 pt. 1.0 pt.
c/18.21 zngosuifan 2% 1.5 gai 3.2 1b. Ground
T?ylgte 58y 2.5 1b 1.6 1b. 6C0 gal/A
Ox.fll:nél‘ 2.0 gt 3.0 " 105
yflow Sulfur .0 gts .0 ib. 32 acres were

Butferol. Sprav-

treated



¥y

Section Mo. Appendix
Revision No. Jraft _|

Date:_ September 1982
Pags __ 37 of __ 43
Table A-28 (continued)
Pate cf eing , Method of
Asplication Pe§.1c1des Product/A RI/A Asplication/
Final Volume
an7/81 Thiodan 2E 1.5 gal. 3.0 1b. Ground
Thylate 65W 2.5 1b/A 1.6 1b. 600 gal/A

Oxyflow Sulfur
Sufferol
Sprayfilm B

2.0 gts. 3.0 1b.

3 acres were
treated (see
8/14/81 appli-
cation)

. 106
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Physical Characteristics and Work Habits of Strawberry Workers

Field Study No. 5 - 1981

Worker Sex Age Weight Productivity Hours Body Surface
I1.C. kg crates/hr worked mé
1 i 19 64 n/a 3.33 1.80
3 F 16 48 n/a 3.53 1.40
6 M 24 86 1.53 4.58 2.00
8 M 28 57 1.40 3.58 1.60
13 F 34 48 2.73 4.40 1.40
14 F 18 31 n/a 3.58 1.50
17 M 17 59 1.09 4.58 1.60
18 iy 19 66 1.53 4.58 1.70
25 M 27 66 n/a 2.92 1.80
30 M 17 54 1.68 3.58 1.60
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Table A-30
Exposure Results of Strawberry Pickers
Field Study No.5 - 1981
Worker Dermal Exposure (Captan)
1.D.
Total Hands Only’
mg/kg /hr*  mg/hr TG/ T S\ OCE !
1 0.15] 9.66 4.92 50.96
3 0.075 3.62 1.43 3/.4
) 0.029 2.53 1.97 75.68
8 0.087 4.60 3.80 82.52
13 0.188 9.01 7.18 79.68
14 0.248 12.66 9.27 73.26
17 0.057 3.38 2.60 76.94
18 0.032 2.10 1.89 90.00
25 0.126 8.3 8.01 96.49
30 0.055 2.95 2.82 95.7
MZARS 0.104 5.88 4.39 76.07
S.D. (0.072) (3.70) (2.83) (18.36)

*-kg of body weight
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121

Captan Exposure of Various Parts of the Body of Strawberry

Pickers. Field Study No. 5 - 1981 (10 subjec*s)
Body Part zxposure
mg/hr S.D. % of total
(weignted average)
read + neck 0.180 0.189 3.66
Back + shoulder 0.203 0.216 3.26
Chest + stomacn 0.231 0.247 3.68
Lower leg 0.132 0.170 1.83
Upper arms 0.091 0.087 1.47
Lower arms 2.839 0.320 9.93
Hands $.324 2.832 76.07
Total 5.382 3.698 100.00
Other than hands 1.4398 1.543 23.93
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Table A-32

Comparison of Dermal Exposure of Captan by Sex
of Strawberry Pickers

Field Study No. 5 - 1881

Sex No. of Captan Exposure Statistics

- subjects Mean 5.D. n-Values*
mg/hr (M (2) (3)

F 3 8.43 4.55

H 7 4 79 300 | 006 0.9 0.7

mg/kg b.w./hr

0.170 0.088
0.076 oay 0.05 0.08 0.1

=™
~Nw

*
(1) Assuming normal distribution of data
(2) Assuming log normal distribution of data
(3) Wilcoxon nonparametric test

P 109
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Revision No. Jpaf+
Date:

September 1987

Page 42 of &3

Correlation Coefficients for Different Variabies

Field Study No. 5 - 1981

Variables

Age vs productivity

Productivity vs total dermal exposure
Total dermal exposura vs hours worked

Age vs total exposure

*

-

P=Pearson correlation coefficient
S=Spearman correlation coefficient

Significant at€0.05 p

Correlation Coefficient*

0.74 (p) (p=0.09)

0.83 () ¥
-0.54 (s) ¥

0.25 (P)
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Abstract

Dermal exposure to carbaryl of 18 fieldworkers harvesting
strawberries was measured on three consecutive days in June
1982 on a farm in Corvallis, Oregon. The study was designed to
measure productivity vs age, exposure vs productivity, exposure
vs age and to test for exposure by different age groups and
gender. A significant difference in productivity was detected
between youth and adults. Age and productivity exhibited
significant positive correlations. Dermal exposure for youths
(14 years and younger) was lower than adults for all three days.
No significant correlations were observed between dermal dose
rate and physical characteristics of the harvesters, e.g. sex,

body weight, and height.

™,
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1.0 INTRODUCTION
2 In order to complement the 1961-studies on the assessment of
pesticide exposure by strawberry pickers, an additional detailed
field study was conducted during June of 1982 in Oregon. The site
of the study, a commercial strawberry farm near Corvallis, OR,
was the same as that chosen for Study 2 in 1981.

The design of this study was to measure dermal exposure to
several pesticicdes which had beern used on this plot. Since in the
1981-studies it was shown that dermal exposure among strawberry
pickers mainly consisted of pesticide depcsits to hands., forearms
and lower legs, only these three anatomical regions were monit-
ored. Observaticns were made in the morning and afterncon of
three consecutive harvasting days. Qf the I3 volunteers who
started ocut, only 18 completed the three-day course. The statist-
ical analyses presented in this report, therefore, deal with
‘these 18 subjects.

The major aim ¢of this study was to examine the variance of
dermal exposure among individuals and the group as a whole.
Results of such studies might aid in the experimental design of
future field studies. There was some anticipation that the 4in?—

-ings of this study might elucidate whether dermal exposure is
affected by individual work characteristics or nnvirunmonéal
factors or both.

Two approaches for the statistical analysis of the results
ware applied. The first considered the variance of individuals
and the group. In the second approach, each of the six monitoring

periods (AM and PM of three days) were considered as separate

2
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experiments. Similar to the 1981-studies the following correlat-
10ns were testaed: age vs. productivity; exposure vs. producti-
vgiy; exposure vs. agei t-test for exposure by different age
qfoups and gender.

- This is the first report of a series and deals exclusively

with the results obtained from exposure to carbaryl.

2.0 EXPERIMENTAL DESIGN
<.1 FEield Study.

A privately owned strawberry farm near Corvallis, OR was
chcsen as the site of the field experiment. The dates of the
study were June 22-24, 1982. The field had been sprayed prior to
the study date with T pesticides as follows: carbaryl, 2 lbs/A, 7
June ., 19823 vinclo=zolin, 1 lb/A, 3 applicatfdhs on T, 1%, and 22
Hay,.1992; endosulfan, 1 1lb/A, 1T May, 1982.

Twenty—-three harvesters volunteered to participate inm the
;tudy initially, but only 18 workers completed the three-tay
exercise. At the beginning of each workday (between 0600 and 0800
hr) , the workers were cutfitted with dermal monitors®, light
cotton glovaes for the hands and cotton patches on the forearms
and ankles. A description of these dermal monitors has been givin

in the 1982-final report on the 1981-studies. Patches were kept

2

® The term "monitor” as used throughout this report, refers to
cotton gloves and gauze pads which measure dermal exposure. These
devices are intended to vield information on the Qquantity of
pesticide residue deposited on the skin surface but does not
address the issue of percutanecus absorption.
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on the subjects during the entire working period (about é to 8
hrs). Gloves, however, were removed in the morning after the
first or second crate of strawberries had been brought to the
weighing station. Another set of gloves was issued after the
lunch break to be worn till the end of the workday. The merning
gloves were usually worn for one to twc hours, depending on the
work efficiency of individ—-ual harvesters, while the afterncon
gloves were worn for a slightly longer period. Since the time
periods during which the gloves and patches were worn might be
critical in the estimation of hand—-exposure to pesticides, this
information is given in the Appendix.

The procedure for hand monitoring was changed on the second
day of the study when it was cbserved that a large amount of dew
on the strawberry foliage appeared to contribﬁto a great deal of
moisture to the glove. It was believed that the moist condition
cf the gloves might possibly impair the absorptive capacity of
the cotton cloth., Consequently, on the sacond day the veolunteers
were prqbidcd with patches at the beginning of their workday and
gloves about one to two hours later after the initial dew on the
leaves had dried.

At the completion of the monitoring period, gloves and
patches were removed from each subject, stored individually in
plastic Zip-closure type bags over dry-ice, transported to the
laboratory , and placed in the deep—~freeze until the samples
could be extracted and analyzed. The gloves were peeled from the

hands inside-out in order to minimize contamination.

Forty—eight leaf disks from strawberry plants were sampled



with a mechanical punch, designec so that the leaf disks dropped
directly into a glass storage bottle. The punch was equipped with
a mechanical counter to facilitate the sampling. The procedures
for sampling and collecting leaf disks and the analysis of
di;lodgcablc foliar pesticide residues have been described in the
19€2-Report to EPA (Popendorf, et al. 1982).

2.2 Gample Eutraction and Analysis.

Gloves ware thawed to rocom temperature placed into a SOO-ml
wide-mouthed LP-plastic bottled fitted with a screw cap and
extracted with 100-mL acetonitrile by shaking on a reciprocal
shaker for twc hours. Ten—-mL aliquots were filtered through
0.22u Millipore filters and directly analyzed by HPLC as des-
cribed below.

Dislodgeable foliar pesticide residues and dust were iso-
lated from leaf punches according to methods develcped by Gunther
(1973, 1973), lwata (1977) and Popendorf and Leffingwell (1977).
Leaf punches were surface—-e:tracted with 100 mL of a 60-
ppb aqueous solution of dioctyl sodium sulfosuccinate (Surten®)
by agitaéion on a reciprocal-action mechanmnical shaker for 30 min.
The liquid phase was carefully separated from the plant tissue
and extracted threse times sdccossivoly with S0 mL each of .
dichloro-methane in a S00-mlL separatory funnel. If an emulsion
formed at this stage, the addition of a few mls. of sat. ;qucous
sodium sulfate was usually sufficient to separate the phases. The
combined organic extracts (bottom phase) were filtered through
flass wool and a bed of amh. sodium sulfate and evaporated in
vacuo to complete dryness. The residue was finally takenm up in

10.0 to 35.0 mL of acetonitrile. Aliquots of this solution were

129
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directly analyzed for carbaryl as will be described below.

Leaf dust, originally washed off with the surfactant, re-
mained in the interfacial sclvent-water layer in the separatory
funnel and was quantitatively transferred after the last sclvent-
extraction to a pre-weighed glass filter. After drying at 110e=

ocvernight, the filter was reweighed, and the weight of the foliar

dust was calculated by difference in weights.

Carbaryl residues were analy:zed by reverse-phase HPLC using
a Waters &6000A Sclvent Delivery System, WISP Autcomatic Sample
Processor, Waters Data Module with Automatic Integrator, and
Model 450 Variable Wave Length Detector. The chromatographic
column was uBondapack C,e. The experimental conditions were:
mobile phase , acetonitrile - water (40:160); flow rate 2 mL/min,
and detection at 250 nm. Under these conditians, carbaryl has a
retention time of 4.61 min and its metabolite, 1-nmaphtheol, S.1
min; absolute sensitivity as limited by background noise and
automatic integration was 2 ng.

Laboratory recovery studies for carbaryl and l-naphthol were
performed with cotton patches and detergent extracts as follows:
Known amounts of carbaryl (69 to 177 ug) and 1-naphthel (76 to
152 ug) were added to "control" patches which were extracted as
described above. Known amounts of carbaryl (828 ug) were Qddod to
100 mL of the agquecus Surten® solution containing 48 leaf disks,
and the aqueous phase was then extracted as described above.
Recoveries of added carbaryl and l-naphthol were almost quantita-

tive. as may be seen in Table 1.
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2.5 Stagtistigal Analysis

Statistical aralyses Of experimental data were performed
using SAS. a statistical computer software program developed by
Statistical Analysis Systems, Inc.

3.0 RESULTS AND DISCUSSION

3.1 DRermal Expgsure

Eightesen strawberry harvesters were monitored for the entire
course of the study consisting of three days, morning and after-
noon. Physical characteristics (sex, age, weight, height, and
body surface [(Sendroy and Cecchini, 1952])) were recorded (Table
2=1). Individual productivity, expressed as crates of strawber-
ries harvestesd per hour, as shown in Table 2-2, is further broken
down into productivity in the morning (AMPROD), afternoon
(FPMPROD), and all-day (DAYPROD). As will be discussed later,
these data were used in an attempt to correlate productivity with
dermal exposure. age., sex, and other variables.
' Tables 5°-1, 3-1, and 3-3 show individual daily exposures to
carbaryl, mean values, standard deviations (S.D), maxima and
minima, and coefficients of variation (C.V). Hand expcsures were
broken down into morning (AM), afterncon (FM), and all-day
(HANDS). Furthermore. left and right hand and lower arm exposures
were measured or calculated and are listed in these tables.
: A three—-day summary of these data may be found in Table 4-1.
All exposure values are expressed as mg carbaryl/hr/person. l-
Naphthol was not detected in any of the field samples and was not

reported. Dermal pesticide concentration of lower legs (ankles)

was low or nondetectable and was excluded, therefore, from estim-

7
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ations of total body exposure.

By visual inspection of Table 3-1, 3-2, and I-3, it appears
Ehat dermal exposure on Day-1 was generally higher than was found
gn subsequent days. This impression is supported by statistics,
demonstrating that the daily mean expcsure variables for the
three days differ significantly (see Table 4-2), with the
possible exception of lower arm exposures (ARMS).

The experimental protocol was changed due to observations
while the experiment was in prbgress. Whereas gloves were placed
on the workers’ hands on Day-1 and Day=3 as scon as the workers
entered the field early in the morning, gloves on Day=2 were
supplied twe hours after the harvest had begun. The reason for
this change is our observaticn that early morning dew on the
leaves of the strawberry plants caused the co;ton gloves to
become saturated quickly with water and fruit juice. It was then
reasoned that wet gloves might no longer possess linear absorp-
tive capacity for dislodgeable residues from foliage and, there-
fore, would no longer serve as a suitable monitor for dermal
exposure. Since on the third day the mcorning dew did not appear
to be a serious problem, the original procedure was followed by
placing gloves on the workers® hands as soon as they began to '
harvest.

é, Contrary to what we believed might happen with a "saturated,
wet glove"”, namely the loss of its absorptive capacity, it is the
Gloves of Day-1 which exhibit a higher carbaryl Toncentration
than either Day-2 or Day-3 gloves. It appears, therefore, that

wet gloves may be more “"efficient” exposure monitors by being more
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absorptive than dry gloves. perhaps due toc the partitioning of
the pesticides from the dislodgeable fcliar residues into the
aqueous phase contained in the cotton cloth. This transfer due to
water solubility of pesticide residues might be an alternative or
additional explanation to the current view expressed by
Fopendorf and Leffingwell (1982) that dermal exposure is the
result of contact-transfer from dislocdgeable foliar residues,
mainly composed of pesticide residues absorted cor adsorbed on
dust.

With patch monitors, dislodgeable pesticide residues are
presumably entrapped or abscrbed by the cloth mesh of the multi-
layered gauce of which the patches are composed. Cotton gloves,
on the other hand, are macde of smocth cotton material, and the

partitioning theory of the pesticide transfer from foliage to

cloth seems mcre plausible.

Indirect evidence for the partitioning theory may be found
in the experimental finding that dose rates for hands were signi-
ficantly higher in the morning (AM) than afternocn (PM) on Days-1
and =3 (T 3.3; df=34;5 p <0,01), but that no such differences
existed on Day-2. It was that day that the gloves were placed on
the workers”™ hands after the dew had dried, and the gloves re=
mained relatively dry during the monitoring period.

3.2 Comparisen of Rermal Exposure Ly Workers Grouped By Age or

Body Weight

One of the goals of this study was to determine if the age
of straubcrry‘harvosters affected dermal exposure to pesticides.
Since there were no subjects in this study 1! years and younger,

the 18 pickers were divided into twoc separate groups, youths
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(=14 years of age) and adults (>=1% years of age).

Comparing these two age groups, the only difference in
dermal exposure was the right-hand exposure rate (RIGHT) of
yauths, as defined above, which was lower than the corresponding
values for adults (see Table 5). No other significant differences
of dermal exposure of these two groups were found.

Since there were no 10~-11 year cld harvesters in this study,
an attempt was made to use surrogate variables in place of age,
namely body weight (<=50 kg), height (< 145 cm), and body surface
(< 1.50 m3), The twe group classified by physical characterist-
ics were compared for correspond=ing hand exposures. T—-Tests and
nonparametric Kruskal—-Wallis tests revealed no significant
dichotomies in mean exposure values ( expressed in mg/hr) for
any of the physical characteristics tested, ;fth the exception of
body weight (see Table 5). For harvesters, weighing less than 30
kg, the overall mean afternocon exposure to carbaryl was lower
than the corresponding value for the other group (> 30 kg).

.7 Leafi- Versus Righi-Hang Exposure

In a study with captan and benomyl exposure by strawberry
pickers (Zweig, et al., 1983), it was found that right- or left-
handed preference by pickers could be observed by measuring
individual hand and lower arm exposures. Similar studies have now
besn made with carbaryl, as is shown.in Tables 3-1i, I-2, and 3I-3.
However, in this study no significant differences were found
between exposure rates for the left and right hands in the morn-
ing, afterncon, the combination of mornings and afternoons, or

for lower arm patches worn all day. This finding indicates that

10
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there is no particular hand preference among this group of straw-
berry harvesters., even though socme of them might demonstrate
handed preference for some other manual activity. The only sig-
nificant correlation was demcnstrated with worker height (r= -
0.404;: N=Z3; p<0.01), as is shown in figure 1, indicating that
left arm carbaryl exposure was predominant among shorter straw-
berry harvesters in this study. The significance of this curious
correlation is not within the scope of this study.
3.4 Worker Exposure Varigbilitly

One of the objectives of this study was to investigate the
variability of worker dermal exposure (in mg/hr) as affected by
environmental and other factors. To determine the
significance of individually consistent behavicral patterns,
which may have influenced the pattern of dorma} exposure of the
individual, an analysis of variance was performecd. The models
usad were intended to predict AM, PM, HANDS, and TOTAL exposures.
Models including only DAY as a categorical predictor variable
were compared to models incorporating beth DAY and individual
identity (ID number). The mcdels including DAY only are equiva-
lent to tests of homogeneity of the means of the e:posure variab-
les over the J days of the study. The latter means are, indoedﬂ
significantly nonhomogeneous with respect to DAY value (as pre-
viously discussed), as the following analysis of variance (ANOVA)

statistics indicate:

11



Variables E Value Regrees of Fresdon @ 136

AM 12.70 2,51 0.0001
g PM S.06 2,51 0.0099
MHANDS 10.60 2,51 0.0001
TOTAL 10.88 2,50 0.0001

From this analysis it is apparent that DAY is a highly signific-
ant predictor for these exposure variables.

Adding the individual (ID) as a categorical predictor
variable did not significantly improve exposure predictions for
any of these variables according to F-tests comparing the

simpler, nested model with the more complex model:

Variables E-Values Qegrees 9f Freedoem -}
AM 0.922 17,34 >0, 0%
PM 1.415% 17.34 >0.08
HANDS -, 0.802 17,34 >0. 0%
TOTAL 0.80% 17,33 >0.0%

The above tabulation illustrates the predominant influence of
factors cther than individual behavicoral patterns on dermal expo-
sure as measured in this study.

Another analysis was performed to investigate the variance
of hand exposures (as measured in mg/hr) of individual pickers )
over the three days of the study. There are six values for each
worker (AM and PM for three days). The analysis was por#o?mcd
with and without normalizing hand exposure for the influence of
picking time periocd (AM or PM) or day. A summary of the results
from this analysis may be found in Table &.

Comparing the individual variances of the unnormalized indi-

vidual dermal exposures (Table &), it is sesen that fha axposure

12



of Ficker No. 14 was more consistent than that of the group as a
uhgl., and Picker No. 22's exposure was more variable than that
of.the group. Frimarily as a result of these two cases, the
e:posure variabilities of the individual pickers cannot be consi-
dered homogenecus (Bartlett s X2=4)1,43, df=17, p <0.01). It is
noted that Picker No. 22 had the highest AM hand exposure on Days
1 and T of the study, compared to that of the other workers.

The exposures were normalized by subtracting the ccorrespond-
ing time- and day-specific hand exposure means. It is seen from
Table 10 that the variance of the normalized hand exposure of
Picker No. 22 remains significantly greater than that of the
group. The variances of the group, despite this cne high value.
can be considered homogeneocus (Bartlett’s xagzz.eo, df=17,

p 0.10). Thus, by controlling for day— and tia;-spccific .prsur.

variability, intrapersonal expcosure variabilities are rendered

statiiti:ally hRomogeneous for the pickers in this study.

3

5.5 Bredugiiviiy
Productivity, expressed as crates harvested/hr, of all weork-
ers over the three days may be seen in Table 2-2. The mean valuaes
for A.M., P.M. and daily productivity for the three days are not

sﬂgnificantly different, respectively (Kruskal-wallis
X2=),62-4,18; df = 23 p >0.10). When examining the two age
groups (<14 and >13 yrs old), however, it was found that the
daily productivity of youths was lower than that of the adult
group (0,72 cr/hr vs. 0.89 cr/hri F=11.563% df=1,48; p=0.0014).

Thigs is in agreement with the finding that over the 7 days of the

study, each worker’s daily productivity was positively correlated

13
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- = 0.459) with his/her age to a significant degree (N = 513 p
2.0007). However, age did not correlate significantly with
ther morning productivity (AMPROD) or afterncon productivity
HFROD), which are the productivity variables associated with
p times during which the gloves were worn.
S.6 Dislodgeable Foliar Residuss

Samples of leaf disks to determine dislodgeable carbaryl
sidues were taken Z,7,14,15,16, and 17 days post application (2
s/A carbaryl), and the results of the analyses may be found in
ble 7. From these data and a plot of log. conecn. vs time (see
g @), it appears that the decline of foliar dislodgeable
sidue obeys first—crder kinatics. Days-1S5, 16 and 17 of the
cline study are identical with Days-i,2.and 3 of the exposure
udy. It is possible, therefore. to calculate £ﬁ¢ trangfer
efficients of strawberry harvesters from their dermal exposure

cteived on these days.

138

The transfer coefficient (kg) may be considered to represent the

il

action of dislodgeable foliar residue transferred to the exposed

in of field workers during normal work activity in unit time.
mensions of ke are area (cm®) per time. The larger the k.
eater the transfer efficiency. '
Tho calculated kg values for Days-~i1,2.and 37 are 4.34,2,82,
d 6.%7 X 10° cma/hr, respectively ( see Tables 3-2 and 7 for
P!riAQntal data). Table 8 is a comparison of transfer coeffic-
nts from this and other studies. It may be seen that the trans-
r coefficients for pickers are similar regardless of chemical

d crops. This observation further tends to support the current

w. that dermal exposure by fruit harvesters arises from foliar

14
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contact with plants which have been previously sprayed with
pesticides.

| Mailen et al. (1982) have studied the dermal exposure to
carbaryl by pesticide applicators and thinners in apple orchards.
From their reported values of hand exposure and total extractable
Carbaryl residues, the calculated ke is about 600, which is
considerably lower than ocur values found in Table 8. This appar-
ent discrepancy can be explained by the fact that these workers
measured total and not dislodgeable foliar residues which would

result in a lower transfer coefficient.
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SUMMARY AND CORCLUSIONS

Dermal exposure to the insecticide carbaryl experienced by
18 fieldworkers harvesting strawberries, was measured on 3
consecutive days in June, 1982 on a commercial farm in Corvallis,
OR. Left and right hand exposures wefe measured by means of
cotton gloves. Lower arm and lower leg.exposures were measured by
the use of cotton gauze pads. Gloves were changed for the after~
noon work period, while gauze pads remained on the persons for
the entire work day. Leaf disks from strawberry plants were
sampled randomly on several dates prior to the study days and on
the third day of the study and were analyzéd for carbaryl dislod-~-
geable residues.

The experimental data associated with glove and lower arm
patch exposure measurements were analyzed statistically, and the
f&llowing conclusions were reached:

1. Dose rates, expressed in mg/hr, for hands from Day-l1 and
Day-3 were significantly higher in the morning than afternoon.
The higher morning values may have been caused by ‘'the
aécumulation of morning dew on the plants which might have either
fgcilitated the transfer of dislodgeable residues from leaves to
the gloves and/or rendered the gloves more absorptive or retentive.

2. No significant correlations were observed between dermal
doge rate and physical characteristicss of the harvesters, e.q.

sex, body weight, and height.

- 17 -



3. Right~hand exposure of youths of age 14 or younger was
significantly lower than that of adults (15 years and older) when
analyzing data for all three days. The corresponding exposure
values were 0.54 mg/hr and 0.74 mg/hr, respectively.

4. The mean afternocon hand exposure of pickers weighing less
thannso kg was lover than that of the group of heavier persons
(0.80 mg/hr vs. 1.27 mg/hr, respectively).

S. Left- and right mean exposure values for hands and lower
arms did not differ significantly. However, a trend towards left
band and left lower arm exposures was discerned among the workers
regardless of age. Left lower arm exposure did correlate
negatively with body height, reflecting the predominance of left-
hand and -arm exposures among shorter workers in comparison with
their taller counterparts in this study. '

6. The statistical analyses revealed that éﬁe particular day
on which exposure occurred had a highly significant influence on
most types of exposure measured, including morning hand exposure,
afternoon hand exposure, total hand exposure, and total (hand
plus arm) exposure. In contrast, individual worker identity did
not explain exposure variability to any significant degree, indi-
cating strongly that variables other than those associated with
the individual (e.g., age, picking behavior) had a p:edominaht
influence on exposure in this study. No significant difference
could be shown between intra- and inter-personal hand exposure
variabilities ig this study, again suggesting that individual
picker characteristics and picking behavior are not influential

determinants of dermal exposure,

i 18
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7. The calculated transfer coefficient (kg) (relating dermal
exposure to dislodgeable foliar residues) for strawberry harves-
ters exposed to carbaryl was of the same order of magnitude as
those previously determined for captan and benomyl exposures and
O-P exposure in tree crops (citrus and peaches). Due to the
similarity of values for kg for various pesticides and crops, it
appears that the main source of dermal exposure of fruit harves-
ters is the pesticide present as dislodgeable‘foliar residues.

8. Productivity of the group of strawberry harvesters stu-
died was found not to be significantly different on different
days or times of day. A significant difference in productivity
was detected between youths and adults (0.72 crates/hr vs. 0.89
cr/hr, respectively). Age and.p:oductivity also exhibited a sig-

nificant positive correlation.
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LOG DISLODGEABLE RESIDUE (wg/ca®)
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FIGURE

DAYS POST-APPLICATION

CARBARYL DISLODGEABLE FOLIAR RESIDUE DECLINE — STRAWBERRY LEAVES
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GLOSSARY OF TERMS USED IN TABLES

eneral
Iarn Explanation Onits
SEX O=female, l=male
WEIGET individual body weight kg
BEIGHT individual height cm -
AREA body surface area m
AMPROD productivity, morning crates/hr
PMPROD productivity, afternoon crates/hr
DAYPROD productivity, all day crates/hr
AMBOURS hours monitored, a.n.
(gloves) hr
PMEOURS hours monitored, p.m.
(gloves) hr
DAYBOURS total hours monitored
(arm patches) hr
ID worker identification number
iposure Iables
Terms Explanation
AMLEFT left glove (hand), a.m.
PMLEFT left glove (hand), p.nm.
AMRIGHT right glove (hand), a.m.
PMRIGHT right glove (hand), p.n.
AM AMLEFT + AMRIGHT _
PM PMLEFT + PMRIGHT
LEPT (AMLEFT*AMEOURS + PHLEFT'PHBOURS)/(AHBOURS+PHBOURS)1 1
RIGHT (AMRIGHET*AMEOURS + PMRIGHT*PMEOURS)/ (AMBOURS+PMBOURS)
BANDS LEFT + RIGHYT
ARMLEPT left arm patch (all day)
ARMRIGET right arm patch (all day)
ARMS ARMLEFT + ARMRIGEHT
TOTAL BANDS + ARMS

1l 1n Tables 6-9, simple averages vere used in place of

ese time-weighted averages; e.g., LEFT = (AMLEPT+PMLEFT)/2.

22



o147

Table 1

Recovery Studies for Carbaryl and l-Naphthol

Compound Sample No. Amgunt Per Cent Regovery
added found
»e
Carbaryl Patch=1 &9.0 &2.2 2.6
65.5
Patch=2 69.0 67.2 93.9
62.4
Patch=3 172.5 184.2 106.7
Patch-4 172.%  180.0 - 104.3
Leaf punch-1i 828.0 700.8 84.9
702.6
Leaf punch-=2 828.0 828.0 97.3
782.4
Leat punch=3 828.0 879.2 8=.3
734.2
Leaf punch-control 0 2.0 n/a °
1-Naphthol Pateh=3-1 76.0 77.2 101.S
Patch=3-2 152.4 153.1 106.5
Patch=3-3 152.4 150.7 98.9

23



Table 2-1

1
O4YSICal CTHARACISKISTICS

1o Sex

& 0 &0
7 o :2
T o 3

7 0 2

1. 0 3

1 o 2

12 o0 :

2 0 <

1¢ 1 2

w1 .

17 o

12 6 =

22 1 1

2. ©

22 0 2

22 0 1

e 1 2

2 1 :

1 (0sFEPALE, 4T IN KG, HT IN CM) prea in

VNGNS SNV WEVWNWO D

695
42.3
83.0
8667
43,1
6l1.3
%9.0
S0.¢
$3.6
TUet
5,4
49,9
%647
54,5
45.9
45.9
45,4
3.6

l6e
ied
7%
lé64
i
17%
160
17

. 176

itk
187
163
R0
165
182
163
ik
iR

1.77
1.%2
l1.78
1.%6
1.3%
le¢
1.86¢
1.%6
.70
1.7
le62
1.%¢
1.70
1e%9
YY)
1.%3
.43
1.84

LGE ®EIGHT HEIGHT AktA

24
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Table 2-2

PIUVDUSIIVITY (LRATES/ZHE)

DAY=1 DAY =2 DAY=3
) AHPRZD I'MPROD DAYPKUD  AMPROD I'MPROD DAYPROD  AMPRID PHPROD NAYPROD
6 1.47  1.33  1.17 1,01 0.42 1,03 0,93 0.68 0.9
2 0.63 0.47 0. %6 0.70 1490 0.7 0,80 1.03 0.R2
8 0,66  1.G0 0.8 0.9 092 0,97 0,95 1.23 0.9
9 0.7 1.00 6. RO 1.02 G52 1,00 0,37 117 1.10
10 V.34 (.63 0.9 1,17 0022 0. 0.7C  0.46  0.87
1 0, 99 1.0% 1.00 leld l1.11 1.0% 0. 97 0.79 0.09
12 0.9  1.15  1.08 0.83  0.91 0.9 1.00  1.37 0.9
13 0,66 1,35  0.79 0.77 0,56 0.7u D.61  0.66 0,50
14 0.99 O.UU 0.”“ . 1.09 0.67 l.(\u 100: 1053 1.00
15 .97 0.5  C.50 0,76 0.80 0,62 130 2.l 0.
17 1.0") 0.92 . 0.50‘ 0.62 0055 ) l"l‘. 0.98 0.“2
18 0.6C 0472 ©.63 0.50  0e25 (.42 9.95 0,30 0.74
20 2.50  Ulo 1,29 0.45 0,65 0.8 1.04  0.64 1.03
21 0.6‘.. U."? b..‘"l 0067 0.50 0.,“0 0. 37 0.6“ 0071
22 V.97 0.6t . 0,31 0.8 ° 0,77 .91 .08 1.0
23 1.2 D56 1.06 1.2 1.25° 0.0 1.5 1,94 1.09
25 0,69 0.04 0.8 057 0.062 0,60 “o-'“ 0.90 0.6%
26 ‘).57 . . ().33 007‘ 0.7~ 0.1;‘ 0.58 0071
Mean 0.94 0.88 0.85 0.85 0.70 0.78 0.92 0.92 0.85

Note: "." = missing value
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DATA SUMMARY: DOSE RATES, IN MG/HR
LEFT, RIGHT € HANOS ARE TIME-WEIGHTED AVERAGES

DAY=1
10

6

7

8

9
10
11
12
13
14
15
17
18
20
21
22
23
25
26

AMLEFT AMRIGHT PMLEFT PMRIGHT ARMS

1.49
3.82
1.00
1.38
0.39
0.42
l1.36
4.12
0.99
2435
0.76
0.36
0.81
1.74
3.80
2.36
1.57
226

T 1.72
1.19
0.36
4.12

69.07

0.99
0.81
122
1.69
0.18
0.60
0. 8¢
0.84
0.33
1.91
1.50
0.44
1.09
- 2018
3.20
252
0.69
1.61

1.29
0.78
0.13
3.20

60.79

l.01
0.26
0.19
1.52
0.34
0.57
0. 59
1.07
0.58
1.37
0.71
0.05
0.46
1.15
0.60
0.33
0.89
0.7°
0.69
0.41
0.05
1.52
59.22

0.99
9,48
0.16
1.20
0.51
0.56
0.51
2.10
1.08
0.56
0457
0.27
0.49
1¢25
0.50
0432
034
1.18

0.73
0.48
0.16
2.10
66.56

0.35
0.33
0.66
1.74
0.23
0.20
0.27
0.77
0.59
0.63
0.55
0.19
le47
0.04
0.97
0.65
0.77
0.55

0.66
0.41
0.19
1.74

AR PH  LEFTY

2,48 2.00
4.63 0,74
2.22 0.35
3.07 2.72
0.57 0.85
1.02 1.13
2.22 1.10
4.96 3.17
1.82 1.66
4426 1,93
2.26 1.28
0.80 0.32
1.90 0.95
3.92 2.40
7.00 1.10
4.88 0,65
2,26 1.23
3.87 1.93

1.25
1.47
0.53
1.47
0.36

0.52°

0.95
2.60
0.77
1.73
0.73
0.22
0.57
1.37
1.51
0.80
1.20
1.51

3.01 1.42 1.09
1.70 0.80 0.59
0.57 0.32 0.22
7.00 3.17 2.60
62.93 56.49 56.57 54.51 43.20

RIGHT

0.99
0.59
0.61
1.38
0.37
0.57
0.67
1.47
0.96
1.05
0.94
0.36
0.68
1.60
1.27
0.83
0.50
1.40
0.90
0.39
0.36
1.60

HANDS

2.2¢4
2.06
1414
2.85
0.73
1.09
1.62
4.07
1.74
2.79
1.67
0.58
1.25
2.98
2. 77
1.63
1.70
2.91

1.99
0.92
0.58
4.07
46.15

TOTAL ARMLEFT ARMR IQUT

2.59
2.39
1.80
4,59
0.96
1.37
1.09
'l.a‘l
2.33
3,41
2.22
0.77
2,72
3.82
3,74
2.20
2.47
3.46

2.65
1.14
0.7
4.84
43.14

0.14
0,17
0.29
0.88
0.14
0.04
0.12
0.22
0.29
0.19
0.36
0,09
0.48
0.50
0.73
0.27
0.24
0.28
0.30
0.22
0.04
0.88
73.38

0.21
0.16
0.37
0.86
0.09
0.24
0.15
0.55
0.30
0. 64
0.19
0.10
0.99
0.34
0.24
0.38
C.53
0.27
0.36
0.25
0.09
0.99
69.30

0G|



Table 3-2

DAY =2

10 AMLEFT AMRIGHT PMLEFT PMRIIGHT ARMS AN PH LEFT RIGHT HANDS TOTALARMLEFT ARMRIGHY

6 0.98 0.83 0.52 0.38 0.21 1.81 0.90 0,76 0,61 1.37 1.56 0.14 C. 07

T 0.12 0.14% 0.09 0.10 0.16 0.26 0.19 0,10 0,12 0.22 0.33 9.03 0.13

8 0,21 0.16 0.54% 0.42 0e41 0,37 0,96 0.43 0,33 0,76 1.17 0.23 0.18

9 0.68 0.82 1.15 137 ° 150 2.52 1.01 1.20 2.2} . ° 1.21

10 0n.83 0.53 0.6% 0.35% 097 1.36 1.00 0,76 0,46 1.22 2.19 0.75 0.22

11 0,19 0.)2 0.5% 0.86 0,10 0,31 1.4]1 0.36 0,48 O0.B4 0.94 0.07 C.03

12 1.03 0.78 0.67 0.47 0,30 1.81 1.1%4 0.85 0,62 1.7 1.77 0.23 0.07

! 13 1.12 0.54 0.97 0.%3 0,95 1.66 1.50 1.04 0,53 1.58 2.53 0.76 0.19

14 1.07 0.74 130 0.13 0.47 1.81 1.43 1.19 0.42 1.61 2.08 0.18 0.29

15 0,69 0,78 0.10 0.008 0,00 1.47 0.18 0,40 D. 44 O.B4 0D.8% 0.00 0.00

~N 17 0.74 0.80 0.16 De.14 0626 1.5%6% 0,30 0.49 0,52 1.01 1.27 0,20 0.06

~ 10 0.47 0.23 0,27 0.51 0.6 0,70 0.78 0.40 0,32 0.73 1.37 0.64 0.00

20 1.96 0.29 0.27 1.83 0.32 2.25 2110 1.068 1,13 2,17 2.49 0.15 0.17

21 0.37 0.61 0.27 0.00 0.3% 0,98 0,27 0.,30 0.21 0.51 0,85 0.18 0.16

22 0.20 0.1% 0.90 0.91 0.57 0.35 1.89 0.6%5 0,59 1.25 1.82 0.37 0,20

23 0.84 0.09 0.10 0.13 0s31 1,73 0.23 0.47 0,51 0.98 1.29 0.12 0.19

25 1.26 0.12 1.78 0.38 0,33 1,38 2.16 1.51 0,24 1.75 2.08 0,21 0.12

26 0.57 0.34 0.77 0.40 0.70 0,91 125 0.65 0,40 1.05 1.75 0.37 0.33

Mean 0.74 0.49 ° 0.62 0.50 0.41 1.23 1.12 0.69 0.51 1.20 1.55 0.27 0.20

S.D 0.47 0.30 0.47 0.48 0.27 0.62 0.73 0.36 0.28 0.54 0.61 0.23 0.27
Minimm 0.12 0.12 0:09 0 0 0.26 0.18 0.10 0.12 0.22 0.38 0 0

Maximm 1.96 0.89 1.78 1.83 0.97 2,25 2.52 1.51 1.20 2.21 2.53 0.76 1.2}
C.V. 62.79 59.89 76.28 94.73 66.18 50.13 65.08 52.40 54.53 44.78 139.54 86.09 133.3
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DATA SUMMARY: DDSE RATES,

Table 3-3

IN MG/HR

LEFTy RIGHT & HANDS ARE TIME-HEIGHTED AVERAGES

DAY =3

Mean
S.D.
Minimum
Maxinum
C.V.

10

6

1

8

9
10
11
12
13
14
15
17
16
20
21
22
23
25
26

AMLEFT AMRIGHT PMLEFT PHRIGHT ARMS AH

1.09
0.49
1.09
0.16
1.41
1.08
0.71
0.45
0.80
0,29
0,28
0.81
0.56
2.03
1.22
0.46
0.24

0.47

0.76
0.49
0.16
2,03
64.32

1.25

0.69
1.10
0.14

1.15
0.63
0.081

0.20
0.59
0.56
0.59
0.30
0.59
0.21
1.8
1.86
0.16
0.15

0.71
0.54
0.14
1.88
76.14

0.42
0.406
0.39
0.24
0.32
0.29
0.27
0.39
0.33
0.20
0.20
0.11
0.26
0.20
0.70
0.19
0.30
0.36

0.31
0.13
0.11
0.70
42.65

0.59
0.63
0.33
.25
0.14%
1.52
0.27
0.26
0.74
0.18
0.27
0.14
0.28
0.80
0.20
9.22
0.10
0.3%

0.40
0.35
0.10
1.52
86.24

0.44
0.60
0.58
N.23
0.33
0.14
0.26
0.26
0.93
0.07
0.05
0.71
0.20

1 o‘)ll

0.78
0.2%
0.10
0.33

0.43
.30
.05

ol

0
0
1
1

3.
71.46 55.80

2438
1.18
2.19
0.30
2¢56
l.71
1.52
0.65
1.39
0.85
0.87
1.11

‘1«15

2.2%
3.10
2.32
0.40
0.62

1.47
0.82
0.30

10

PH  LEFT RIGHY

1.01 0.82 0,98
1.09 0.47 0,65
0.72 0.86 0.63
0.49 0.20 0.19
0.46 0.74 0,52
1.81 0.65 1.12
0,54 0.52 0.58
0.65 0.43 0,22
1.07 0,50 0,69
0.38 0,22 0,27
0.47 0.23 0,39
0.25 0,50 0,23
0.54 0.33 0.35
1.00 1.04 0.53
0.90 0.89 0,82
0.41 0.26 0,65
0,40 0,27 0.13
0.71 0.41 0,26

0.72 0.51 0.51
0.38 0.25 o0.28
0.25 0.20 0.13
1.81 1.04 1.12
52.76 48.80 55.06

HANDS TOTAL ARMLEFT ARNMRIGHY

1.79
1.12
1.30
0.39
1.26
1.77
l.11
0.65
l.18
0.49
0.62
0.7
0.60
1.57
1.72
0.91
0. 40
0.67

1.02
0.47
0.39
1.79
46.41

e

2.23
1.72
1.88
0.62
2.09
1.91
1.37
0.91
2.01
0.56
0.67
1.4¢
0.886
2.58
2.50
1.15
0.50
1.00

1.45
0.69
0.50
2.58

47.69

0.20
0.51
0.31
0.13
0.57
0.00
0.21
0.21
0.34
0.00
0.05
0.16
0.05
1.01
0.54
0.22
0.10
0.12

0.26
0.26
0
1.01
97.41

0.24
C.09
0.27
0.10
0.26
0.14
0.05
C.05
0.49

0.07
0.00
0.55
0.1%

0.00
0.24¢

0.02
0.00
0.21

0.16
0.16
0

0.55
98.38

¢Sl



X4

CATA SUMMARYE DUSE RATES, IH -HG/HR
LEFT, RIGHT & JIANDS ARE TIMc-WEIGHTED AVERAGES

VARDAGLE N MLAN STANDARD MINTHUM MAX IHUM cv
DEVIATION VALUE VALUE Ve

DAYHCUKS 34 5.0664 1.049 2.950 T.420 14,230
AMHOURS 54 1.364 0.476 0.550 2.710 34 . L04
PMHGURS 54 1.776 ° 0.596 0.730 3,180 33.53u
DAYPRJID 51 0.031 0.201 0.420 1.290 24.138
LMPKOD 54 0.907 C.343 0.370 2.500 37. k16
PMPROD 53 0,032 0.365 0.220 1.940 43.t04
ARMLEFT 53 0.279 0.234 . 0.000 1.010 63,165
ARMRIGHT 54 0.240 0.241 0.000 1.210 100,294
ARMS 53 C.501" 0.350 0.000 1.740 69.t38
AMLEFT 54 1.073 0.902 0.120 4.120 t4.010
AMKI GUIT 54 0.831 0.658 0.120 3.200 1Y.159
AM 54 1.904 14377 0.260 . 7.000 iz.201
PMLEFT 54 0.541 0.398 0.050 1.700 13.501
PMRIGHT 54 0.545 0.453 0.000 2.100 b3.210
PM 54 1.0806 0.712 0.180 3.170 6t>.013
LEFT 54 0.%61 0.483 0.101 2.595 63.443
RIGHT 54 0.641 0.36¢ 0.115 1,602 57.C13
HANDS LY 1.402 0.704 0.216 4.065 5%.421
TOTAL - 83 1.068 1000 0.376 4.835 92999

¢Gl
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Dermal Exposure by Age and Weight of Strawberry Barvesters

Yariable Dermal Exposure Iype Kruskall-Wallis -]
mg/hr x2

Youths (<14) 0.54 RIGET 4.94 0.026
(3 days)

Adults (>15) 0.74 -

Small (<50 kg) 0.80 PM -5,87 0.015
(3 days)

Big  (>50 kg) 1.27

Small 0.88 PM T _vag.®3.10
(Day-1) uneq-vai-al4.4

Big 1.76 p=0.0076

30
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Table &
Analysis of Variance of Dermal Exposure to Carbaryl?

by Strawberry Harvesters

Pigker Mean Dermal E:p,3 Varjance Mgan Dermal ExR. Variange

iR yonormalised normalized
mg/hr mg/hr

6 1.76 0.443 0.26 0.286
7 1.3% 2.7%2 -0.15% 0.997

8 1.14 0.739 -0.36 0.45%

9 1.77 1.40% 0.27 0.941
10 1.13 0.%91 -0.36 1.3%6
11 .23 . 300 -0.26 1.161
12 1.39 0.3%0 -0.11 0.206
13 2.10 2.817 0.60 . 1.138
14 1.53 0.084~ 0.04 0. 406
15 1.51 2.244 0.02 0.6%2
17 1.12 0.522 -0.38 0.186
18 0.66 0.104 -0.84 0.5%32
20 ~ 1.a8 0.48% -0.01 0.718
21 1.80 1.746 0.31 0.%536
22 2.39 6.01° 0.90 S.Qs%-
2z 1.70 3.08% 0.21 1.138
25 1.31 0.658 -0.19 T 0.%47
26 1.5% 1.%2 0.0% 0.36%
Group Mean 1.50 1,239 0.00 0.87&

iLeft + Right Hands, all day (time averaged)
2Average of six monitoring pericds (AM,PM for 3 days)
“significantly different from corresponding group variance at p<0.0%,
if tested individually.
31
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Table 7

Dislodgeable Foliar Residues of Carbaryl on Strawberry Leaves

Sample ID Ravys Dislgdgeable Residue
Post-Harvest  ug/cm®  PPM(dust)
x 103

8202.3.1 P 3 3.36  S7.10
8202.3.2 P 3 2.98  56.53
8202.3.3 P 3 1.35  16.45
8202.7.1 P 7 1 1.32 22,55
8202.14.1 P 14 0.5%6 8.30
6202.14.2 P 14 0.51  13.43
8202.1%.1 P 15 0.77  16.06
8202.1%.2 P 15 0.4 6.53
8202.16.1 P 16 0.41 9.42
8202.16.2 P 16 0.69  14.57
8202.17.1 P 17 0.32 2.92
6202.17.2 P 17 0.15 1.67

Pesticide Treatment: 2 lbs carbaryl/A (Sevin®4F Flowable)

on June 7, 1982



Table

8

Dermal Exposure Transfer Coefficients for Fruit Harvesters

Pestigcide

Carbaryl (Day-1)
Carbaryl (Day-2)
Carbaryl (Day-3)
Captan

Captan

Captan

Captan

Captan

Captan

Bencmyl

pP Compounds

OF Compounds

crop

Strawberries
Strawberries
Strawberriess
Strawberries
Strawberries
Strawberriass
Strawberries
Strawberries
Strawberries
Strawberries
Citrus

FPeaches

ke 2 102

Lif.Cifs

This study

This study

This study

Zweig et al.,1983

Fopendor+f, et

Popendor+
Popendor+
Fopendor+$

Popendorf

et

et

et

et

al.,1982
al.,1982
al., 19682
al.,1982

al., 1982

Zweig et al., 1982

Popendor+f and

Leffingwell, 1982

“gecmetric means from 14 cbsarvations

**geacmetric means from 9 obsarvations

33
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Hours Monitored for Individuals on Bach of Three Days

UATA SUMBARYS HUUKS HONLITURED, €Y DAY
LAY=1 OAYs2 DAY=3

U35 10 ANMHOUKS PMHULKS DAYHOURS  ARHUUKS PMHOUKS DAYHOURS AMHUURS PHHOURS DAYhOURS

1 6 1.3 1.30 S5«30 1.96 1.0% 3.90 1.0% 0.73 4.02
2 71 1.03 3.16 7.10 1.43 2.36 T.42 l.106 2.46 7.2b
3 8 196 1.9 5.90 1.10 2.106 (. YL} 1.0% 1063 5.8
4 9 1440 2.50 O.41) 9095 2020 7.0 2.71 2.50 6.3
5 10 leld 1e¢9b 5.41 ‘0‘! '.1056 730 120 208 S.87
b 11 1,01 b0 5.65 le¥ys 1.80 6.060 1.03 1.206 be1b
712 1.12 1.30 5,07 becl 1.23 3432 1,00 0,73 4.32
613 1.15 1.1% 5.07 1.30 1.33 3.bd 1.63 0.73 4.50
9 1% 2.01 2025 .94 1093 logb. 'bi*}' 0.98 lo75 5.50
10 19 1.03 1.80 01 l1e31 1.25% 6.43 " Ue b 2.03 S¢b<
11 1?7 1.00 1.9 5.11 le.01 1.21 4.97 V.87 1.53 Se k2
12 10 1.%0 lecb 8 .17 1.90 O.9b 295 1.05% 0.83 0.8
13 20 0.00 lo'b 50]5 102“ 1053 6.“5 0096 3oll 7001
14 21 1.30 VIS ¥ 95451 leb  2.41 6.95 2,65 3.10 7.01
1% 22 1s01 2.9%5 5.8 1.23 . 1.7) 6.50 .66 led0 S¢43
1b 23 0O.EO Py Y 6.00 1.60 1.60 3.7 0.%5 1¢%5 ‘0e40
11 25 1.46 1e70 #4002 1.48 1.33 6.1 1,28 1.066 5.37
18 26 .75 1.73 5.5 2.41  l.ot 5.63 136 1.7 5.03
mean 1.28 1.91 5.60 1.59 1.70 5.71 1.2) 1.72 5.69
S.D. 0.33 0.55 0.62 0.42 0.47 1.49 0.58 0.74 0.90
Grand Means: AM 1.36 + 0.48
(+ 5.D.) M 1.78 T 0.60 :
' ‘ DAY 5.66 + 1.05 ' .-

8G1



APPENDIX: 2 ) 159
ARM PATCH EXPOSURES (IN MG/PATCH)

DAY 1 DAY 2 DAY 3
ID ARMLEPT ARMRIGHT ARMS  ARMLEPT ARMRIGHT ARMS  ARMLEPT ARMRIGHT ARMS

§ 0.034 0.052 0.086 0.025 0.013 0.038 0.044 0.053 0.097
7 0.065 0.061 0.126 0.012 0.052 0.063 0.199 0.035 0.234
8 0.078 0.100 0.178 0.068 0.0S53 0.121 0.078 0.068 0.145
9 0.290 0.284 0.574 . 0.439 . 0.043 0.033 0.075
10 0.046 0.029 0.075 0.330 0.097 0.426 0.201 0.092 0.293
11 0.011 0.064 0.075 0.022 0.009 0.031 0.0 0.041 0.041
12 0.031 0.038 0.069 0.038 0.012 0.050 0.046 0.011 0.056
13 0.058 0.145 0.208 0.152 0.038 0.191 0.047 0.011 0.058
14 0.080 0.082 0.162 0.054 0.087 0.140 0.086 0.124 0.211

15 0.0S83 0.124 0.177 0.0 0.0 0.0 0.0 0.018 0.018
17 0.105 0.05¢ 0.161 0.057 0.017 0.074 0.016 0.0 0.016
18 0.023 0.026 0.048 0.101 0.0 0.101 0.037 0.129 0.166
20 0.118 0.244 0.362 0.049 0.056 0.10S5 0.017 0.050 0.067
21 0.141 0.096 0.237 0.064 0.057 0.121 0.362 0.0 0.362

22 0.239 0.079 0.317 0.134 0.072 0.206 0.163 0.073 0.236
23 0.086 0.121  0.207 0.024 0.038 0.062 0.075 0.007 0.082
25 0.063 0.139 0.202 0.073 0.042 0.115 0.031 0.0 0.031
26 0.069 0.067 0.136 0.095 0.085 0.180 0.030 0.052 0.082

mean 0.088 0.1001 o0.189 0.076 0.0651 0.119 0.082 0.044% 0.126
S.D. 0.073 0.070 0.128 0.077 0.098 0.098 0.093 0.040 0.102
ARMLEFT ARMRIGHT ARMS

Grand Mean 0.082 0.072 0.145
s.D. 0.080 0.076 0.113

1 Statistically non-~-homogeneous (Kruskal-Wallis §?-10.07, df=2, p=.0063)

NOTE: Due to rounding, ARMS does not always equal the sum of ARMLEFT
ind ARMRIGET. 1In the table, "." refers to a missing value.

E-- :35



Appendix Table 3 -1

DATA SUMMARYS DUSES ARL M TOTAL ACCUMULATLD MG
LEFT, RIGHT & YAMDS ARL SINPLL AVLRAGLSS BY DAy

DAYs=1

065 1U AMLEFT AMKICHT PMLEFT PARIGHT  AXHS

O 2.0}
T 6.,2)
v l.bo
7 1.9)
IV 0448

- 0,82
e lo92
15 8,74
1§ 1.99
15 2.8
T 0,76
s 0,54
vy V.60
2: 2440
e 3. 04
1.39
2.32
3.96

- '

I C QLIS WY
[ -

l~ .

9
-
- r
~N
(8

o o -
(LS O
ne »
L

- b
[T
N
cw

1.3%
1432
aelb
2437
0.21
V.01
0.90
V97
1.07
1,97
1.5%0
0.60
V.87
ceA3
3.23
202
1.0¢

2.82-

137
0.43
Q.36
3,30
OD8
108
0.77
1,23
131
291
1.09
0.6
0.0
£e%%
1.3
0.38
1.58
1.30

1.3%
1.%3
V.32
3.,00
001
1.006
V.00
Q42
AFL ¥ ]
1.01
V.07
Wel4
Q0.5
A A )
) Pl
0.85
G0l
AFYIL )

1.88
2306
3.89
11.15
l.2¢
1.%8
137
J.9%
3.5]
3.07
2.31
0.91
157
8,63
570
3.9
3.%6
3.01

AN

3.37
155
3.24
4.30
0.0606
1.03
249
5.70
3.5
4.39
220
1.20
1.52
5.10
1.0
3.90
3348
6.77

PH

212
2.3%
0.069
6.80
134
215
le43
3.65
3.74
3.47
1.96
.40
1.04
.11
2.81
1.73
.19
3.34

LEFT

1.70
3.93
0.92
2.87
0.49
0,75
.15
2.98
1.65
Lo4%
0.92
0.30
072
24306
<ebl
.38
1.95
2463

RIGHT HANDS 10TAL

1.35
1.42
1.05%
.68
0.51
0.04
0.01
1.69
2405
1.49
1.19
0.50
0.66
2¢75
225
1.43
0.01
2443

3.05
%.95
1.97
5¢55
1.00
1.%9
1.96
8,67
3.70
3.93
2.11
0.80
1.50
5.10
4.94
2.82
217
5.06

4.92
7.31
S5 .86
16.70
224
3.17
3.33
8,58
7.21
7.81
4.92
1.71
9,15
9.73
10.64
6.72
6.32
8.12

ARMLTFT ARMRIGHT

0.75
1.22
1.71
5.064
0.706
0.2)
0.62
) P B
.73
1.17
1.34
0.4)
2.47
2. 7:.
4.29
leb
l.11
1.56

1.1)
1.15
2.18

5051 *

0.49
l.306
J.76
2.75
1.79
271
0.97
0.40
5.10
1.87
1.4}
2.20
2445
1.51

091



7 26

DAYs2
08s 1.
19 6
20 1
g | v
22 9
c3 1
ML I I
P ) IS
6 13
21 14
1%
29 7
30 1.
31 29
32 2.
33 ¢
3§ 2]
% 2%
6 <o

AMLERY

1.54
0.17
0.23
e 07
2630
He37
1.25
1.4
1.9
0,90
1.17
V.9
2.51
D955
‘io 25
1.34
130
1.37

Appendix Taple 3-2

AMRICHT PHLEFT PHRIGHT ARMS

l.64
0.2V
V.l
V.80
l1.20
Vesld
V.94
v.70
1¢3%
1.02
1.29
Vel
V.37
0.90
Uelb
Lea2
Y.lb
W. 8¢

0.9¢
0.21
lelE
253
1.03
C.979
V.42

29
2517
0.13
0.19
0.0
0.9l
Cel0
l.08
0.16
2.37
1.29

V.70
V.24
V.92
.01
055
1.5%%
0.58
0.70
V.20
('o.lb
0.17
W50

" e00.

0,00
150
V.21
Uv.51
.l

0.62
1.19
2.04%
[ ]
7.08
C.00
1.00
3.06
3.04
G.v0
1.29
1.49
<19
de3b
.71
1.16
2.02
%99

An

3.58
0.37
0.41
1.47
3.28
0.00
2.19
2.16
J.21
1.93
2.4
1.39
2.00
1.45
Je3
.17
2.C4
239

PH

1.67
0.45
2,09
5454
1.58
2.54
1.40
2,00
2,83
0.23
V.30
0.7¢
3,21
0.76
3.23
0.37
2.87
2410

LEFT

1,45
0.19
0.70
1.60
1.51
o.068
1.04
16317
2.21
0.51
0.069
0,60
l.406
0.6%
0.%96
0,75
2.12
1.33

RIGHT HANDS TOWIAL

1.17
0.22
0.55
1.91
0.92
0.89
0.706
0.70
0.81
G.50
0.73
0.40
1.%9
0.45
V.07
0.82
0.34
0.41

2.62
0.41
1.25
3.5%1
£¢%)
1957
l.80
2.08
3.07
l.08
1.62
1.08
3.0%
led0
1.63
157
240
2.19

.44
1.60
3.89

9.51
242
2.79
5.73
6.11
1.08
2.71
2.96
5.24
kL PLY
5.54
2.73
q9.47
6.23

0.55
0,22
1.43

®
5.40
0.40
0.70
29)
1.16
0,090
0.99
1.89
1.0}
1.25
2.41
0.49
1.2
2.106

0.27
0.90
1.16
8.53
lo‘)l
0.2C
0.22
0.73
1.806
0.0C
0.30
0.00
1.1¢
1.11
1.3C
0.71
.73
1.9¢

ARNLEFT ARMRIGNHT

191



DATA SUNMHAKYS DUSES ARE IM TUTAL ACCUMULATED MG

LeET, KIGUT HANDS ARL SIMPLE AVLRAGLSS 8Y DAY

DaAY=3

o8S 10
37 o
38 7
39 Cc
40 92
41 10
42 :
43 .
44 13
%5 14
4 15
47 17
46 1O
49 2
% 23
51 22
%2 2)
53 25
5 20

8¢

Appendix

Table 3-3

AMLEFT ANRIGHY PELEFT PHRIGHT ARMS AN

.14
057
1e16
0.4)
1.90
1.11
0.71
.73
TP
0.19
0.24
0.85
0.54
6. 3.'
1.95
0,25
0,31
0,65

1.31
0,30
.10
Ve3b
1.47
0.65
V.81
Je33
V58
V.36
0.51
VeI
0517
0.56
lebZ
1.02
0.20
0.21

0.31
l.13
004
D.51
0.51
Q317
0.2C
0.2¢8
Vedb
G4l
0.31
0.09

0.31 -

052
152
0.29
050

0.62

0.43
1.55
Ve
004
0.29
1.92
0.20
019
130
V.37
0.41

.12 -

QU7
248
0.29
V.34
0el7
0.60

2012
Vo7
3.18
1.47
§.497
0.467
lel2
l.12
.57
0.39
0.27
3.11
1.40
7.08
4.24
le54
0.54
1.36

2.406
1.37
2030
V.Gl
3.28
1.76
1e52
1.0
.30
Je 55
0.706
1.17
l.10
5.94
2.017
1.23
0.51
0.85

PN

0.74
2468
1.17
1.25
0.96
2.28
0.39
0.47
.47
V.77
0.7
0.21

l.0b
3.10
1.31

0.64%
0.60
1.21

LEFTY

0.73
0.65
0.89
0.52
1.24
0.74
0.45
0.51
V.00
0.30
0.27
0.41
0.061
3.00
1.04
.21
0,490

0.63.

RIGHT HANDS 10TAL

0.87
1.16
0.8%
0.51
0.80
1.20
0.%0
0.26
0.94
0,30
0.%0
0.22
0.72
1.52
0.95
0.060
0.19
0,40

1.60
2.03
1.74
1.03
de12
2.02
0.96
0.77
1.62
0.606
0.74
0.069
1.39
4.52
1.99
0.96
0.59
1.03

3.72
6.39
4.91
2450
699
2.09
2,08
1.09
6.18
1.06
1.01
3.00
2,19
11.60
6.23
2049
1.13
2.99

ARMLEFT AKRMRIGHT

009‘.
3.71
1.70
0.93
3.35
6.00
0.91
0,90
1,37
0,00
0.27
0,70
0.35
1,00
2.9
1.41
0,54
0,060

l.16
0.()6
1.48
0,04
1.53
0.07
G.22
0.22
2.7
0.39
0.0C
2.41
1.0%
0,00
1.30
0.13
V.00
.18

91
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AppendixTable 4: Overall Data And Averages (TOTAL DOSE - MG)

DATA SUNMARY: DUSES ARE TN TOTAL ACCUMULATED MG
LEFT, KIGNT & UHANDS ARE SIMPLE AVERASES

VAR1AGLE N HEAN STANDARD MINTMUN MAX IHUN

DEVIATION VALUE VALUE Cove
ARMLEFT 53 1.579 1.472 0.000 7.080 93,229
ARMRIGHT 59 1.362 1.489 0,000 8.530 107.73%
ARMS 53 2.026 2.128 0.000 11.153 75,278
AHMLEFT 54 1.449 1.303 0,172 6.227 £9.9C7
AMR1GUT 54 1.018 0.722 0.176 3,232 70. £98
AM 54 2.467 1.769 0,372 7.5417 71.il1
PHR1GUT 54 0.961 0,025 0.000 3.014 . 85.7117
PH 54 1.919 1.390 0.207 6.800 12 . 394
LEFT 54 203 6.836 0.193 3,527 69460
RIGHT 54 0,990 0.614 0,185 2.748 62 .CH2
HANDS 54 2.193 1.355 . 04412 5.549 61.7617
10TAL 53 9.995 3.131 1.009 16,702 62.691

¢91



AppendixTable5 -1

VATA SUIMARYS DuSeS arL 10 TOTAL UG/KG: BY DAY
LEFT, RIGIHT & WANDS ARL SIMPLE AVEKRAGLS

DAY=1 .
OBS 1D ARLEFT ANKIGHT PHLEFT FUEIGHT  ARMS &M PM LEFT KIGHT WANDS TOTAL  ARMLTFT AKMRIGH]
1 L 29.26 19.37 15476 29,37 26,99 48.53 39,14 24.46 19.37 43,03 70.83  10.30 16,20
2 7 167,00 31421 19.55  306.09  55.86 1T6.41 55,63 83,37 33,65 117,02 172.88  23.78  27.08
3 0 22,75 W01 592 4.9 61423 5C.%6 10,90 14.44 16.49 30,93 92,16 25,90  34.32
CES 9 3807 91.73 67.02 52,91 196,71 75.80 119,93 50,55 47.32 97.87 294.517  97.49 91,22
% 19 13.41 400 1Z.a6 18,70 28,87 15.21 3116 11,44 11.75 23,18 52.05  17.57 11,30

-2 P $.22 Y.89 17.07 17.30 2%.31 16,61 35,02 12.29 13,62 25.92 51.72 3.09 22.12
T 1 25.32 16433 13.9% 11.24 2320 42414 24,24 19.41 13.78 33,19 5%56.39 1J3.31 12.8%9
padl ) 12 49601 19.17 <seal 97.92 77.40 11317 72633 59,21 33.5¢ 92.75 110.21 22.13 5%.32
9 16 31.29 2623 20e5¢ Ak21 5520 H7.%2 58.713 2%.90 32,22 58.12 113.32 27.13 k.07
10 15 33.38 27.94 155,43 14,32 5%:03 062.33 49,35 34.71 21.15 55.04 110.87 15600 35.44
11 17 15.74 33,06 23,93 19,21} 01e9) 49,708 . 83.14% 20.33 26,12 46.46 108,306 €0.52 21.39
12 13 1D.W04 13.23 1ed0 6.62 18,10 24.0%: G508 0.08 10.02 16.00 34.23 0.60 9.5L
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Appendix Table 5 -2

AMLEFT MIRIGHT PHLEFT PHRIGHT ARMS

27,92
4,06
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11,75

VHe 41
5,93
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Appendix Table 6 : Overall Data and Averages (MICROGRAM/KG)

DATA SUMMARY1 CUSES ARE IN TOTAL UG/KG
LEFT, KIGHT 3 HANDS ARE SIMPLE AVERAGES

MEAN STANDARD MININUM
VARTADLE N DEVIATION VALUE
ARMLEFT 53 30.2%5% 29,920 0.000
ARMRICHT 54 25.076 26.457 0.000
ARMS 53 52.965 41.199 0.000
AMLEFT 54 27.088 26,854 2.6178
AMRIGIT 54 18,606 13.308 2.767
AM LY 45.694 35,2517 6.399
PHMLEFT 54 17.507 13.854 1.263
PMRIGUT LY 17.466 14,856 0.000
PH 54 34,973 25,013 3,196
LEFT 54 22.298 16.648 4,222
RIGHT 54 18.03¢ 11.149 4,064
HANDS 54 40,334 25.092 9.403
T0TAL 53 92,892 60,676 14,991

HAK TMUH
VALUE

129.910
150.450
196.709
147.201
64.770
178,414
67.019
53,1517
119.929
83,374
50.421
117.022
294 .575

.91
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Bbstract

Dermal exposure to vinclozolin of 18 harvesters of strawberries

was studied on three consecutive days in June at a commercial

farm in Corvallis, Oregon. The study was designed to provide
correlations among dermal exposure, age of workers, body size or
weight of workers and productivity. Statistical analyses of the
data showed a significant correlation between exposure rate and

age and productivity. Also age appeared to correlate positively
with productivity, e.g., older workers seemed to receive higher
dermal exposures than younger ones in the same occupational setting.
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3.0 INTRODUCTION

In order to complement the 198l-studies on the assessment
of pesticide exposure among strawberry pickers, an additional,
detailed field study was conducted during the month of June 1982.
The site of the study was the same commercial strawberry farm used
for one of our studies in 1981, located near Corvallis, Oregon.

The design of the 1982-study was aimed at measuring dermal
exposure to several pesticides which had been applied to this
strawberry field. Since in earlier studies it had been demonstrated
that the major dermal exposure to pesticides by strawberry pickers
occurred on hands, forearms, and to a lesser degree on lower legs,
only these three anatomical regions were monitored in this study.
Observations were made on three consecutive days in the mornings
and afternoons on 18 volunteers who were experienced strawberry
harvesters.

The major aim of this study was to gain further insight
into the mechanism of pesticide transfer from foliage and fruit to
the skin of strawberry harvesters. Correlations between dermal
pesticide exposure and work or physiognomic charactergstics and age
would be attempted. Pinally, correlation between dermal exposure,
age of workers, body size or weight would be tested.

This is the second report of this series and deals
exclusively with dermal exposure to the fungicide vinclozolin

(RONILAN). The first report of this series, submitted to EPA in

035
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carbaryl.
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4.0 EXPERIMENTAL DESIGN
4.1 Pield Study

A privately owned strawberry farm near Corvallis, OR was
chosen as the site of the field experiment. The dates of the study
vere June 22, 23, and 24, 1982, The field had been sprayed prior to
the study dates with three pesticides as follows: carbaryl, 2
lbs/A, 7 June, 1982; vinclozolin, 1 1b/A, three applications each
on 5,15, and 22 May 1982; endosulfan, 1 1b/A, 15 May, 1982.

Vinclozolin, or RONILAN, [3-(3,5-dichlorophenyl)-S-ethenyl-
S5-methyl-2,4-oxazolidinedione], produced by BASF, was used on
strawberries to control Botritis cinera and must be applied several
times during the flowering period to achieve best results. Based on
the spray history of the field, Day 1 of the study represented Day
31 post-application date, and so on. Initially, 23 harvesters
volunteered to participate in the study, but only 18 workers
completed the three day course.

At the beginning of each work day (between 0600 and 0800
hr), the workers were outfitted with dermal monitors, consisting of
light cotton gloves for the hands and cotton patches on the
forearms and lower legs. A description of these monitors has been
reported previously (1982 Report to EPA, PHAP-California). Patches
vwere worn throughout the work day ( about 6 to 8 hrs) and gloves

for a shorter period of time during the morning. A new set of
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g‘—loves was issued to the workers after the lunch break to be kept
o; until the end of the work day (about 3 hrs). The time periods
during which gloves and patches were worn are found in the Appendix
oE the Carbaryl Report (Draft Report to EPA, December 1983).

‘ The procedure for hand monitoring was modified on the
second day of the study after it had been discovered on the first
day that a large amount of dew on the strawberry foliage
contributed a great deal of moisture to the gloves. This condition
seems to interfere with the éroper behavior of the gloves as
absorptive monitors. Therefore, gloves were provided about 2 hrs
after the harvesters had entered the field in the morning by which
time the dew on the foliage had dried. On Day 3, the original
experimental procedure was resumed.

At the completion of the monitoring period for each worker,
gioves and patches were removed from each subject, stored
individually in Zip-Lock type bags over dry ice, transported to the
laboratory, and placed in the deep-freeze until the samples could
be)extracted and analyzed. Glove monitors were peeled from the
ha;ds of the workers inside-out in order to minimize field
co;tamination.

: For the purpose of measuring dislodgeable foliar residues
of vinclozolin, 48 leaf disks from strawberry plants were sampled
in a random design by walking across the plot diagonally and taking
leaf samples from different plants at different heights. Leaf disks

wvere collected by means of a mechanical punch which was designed so
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that the disks dropped directly into a glass storage bottle. The
mechanical punch was also equipped with a counter to minimize
errors during sampling. The procedures for sampling, collecting and
extraction of samples for the analysis of dislodgeable residues
have been described in a previous report from this laboratory
(Popendorf, et al. 1982).
4.2 Sample Extraction

Gloves and cotton patches were extracted with 100 mL
and 30 mL of acetonitrile per sample, respectively, by shaking on a
reciprocal mechanical shaker for two hours. Ten mL aliquots were
filtered through 0.22 u Millipore filters and directly analyzed by
gas chromatography as described below. If the concentration of
vinclozolin, particularly of gloves, was too high to be within the
linear range of the detector ( see below), aliquots of the sample
were diluted in appropriate volumes of acetonitrile.

) Dislodgeable residues of pesticides on foliage and dust
were extracted from leaf punches according to methods developed by
Gunther et al. (1973, 1974), Iwata (1977), and Popendorf and
Leffingwell (1977). The leaf punches were surface extracted with
tgtee portions, successively, of 100 mL each of 60 ppb aqueous
sélution of SURTEN (dioctyl sodium sulfosuccinate) for 30 min. The
liquid phase was carefully decanted and extracted 3 times
successively with 50 mL each of dichloromethane in a 500 mL
separatory funnel. Emulsion that might form were broken up with a

few drops of a saturated solution of sodium sulfate.

07



© 477
Page___4 __of __6

Section No. 4
Revision No. 0
Date: February 29, 1984

The combined organic extracts (bottom phases) were filtered
through glass wool and a bed of anhydrous sodium sulfate and
evaporated on a rotary evaporator in vacuo to about two mL. The
flask was washed down with ten milliliters of acetonitrile and
again evaporated down to a couple of milliliters. This procedure
was repeated twice more, and the residue was finally taken up in
either 10.0 or 25.0 mL of acetonitrile. Aligquots of this solution
were analyzed by capillary GC, as will be described below.

To isolate and determine the weight of leaf dust,
which remains in the separatory funnel at the interfacial layer
and suspended in the aqueous phase, was quantitatively transferred
to a pre-weighed glass filter. After drying at 110° overnight, the
filter was weighed and the weight of foliar dust calculated by
difference. The foliar dust is presumed to be the vehicle for the
transfer of pesticides from the crop to the worker.

4.3 Analysis of Vinclozolin

Analytical grade vinclozolin (F 696) was obtained from
the EPA Reference Standard Repository, Research Triangle Park, NC
27711. Acetonitrile used throughout was "Baker Resi-Analyzed", or
equivalent.

There are several reports in the literature on the analysis
of vinclozolin residues by High Performance Reversed Phase Liquid
Chromatography (HPLC) (Cabras et al., 1982, 1983). Por our
purposes, however, a method was chosen capable of analyzing

vinclozolin and endosulfan simultaneously; the latter pesticide
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having been applied to the same strawberry plot for the control of
mites, aphids, and other insects. Endosulfan isomers and the
sulfate metabolite cannot be conveniently analyzed by HPLC, and gas
chromatography is the method of choice.

A capillary GC method was, therefore, developed for the
analysis of vinclozolin and endosulfan. A Hewlett-Packard 5880A
instrument, equipped with an H-P 7672A Automatic Sampler was used.
The column was a 12,5 m WCOT silica capillary column with an I.D.
of 0.2 mm, coated with cross-linked dimethyl silicone (OV-1), and
deactivated with siloxane. The splitless injection mode was
selected, and detection was accomplished by electron capture
(63ni) .

Experimental conditions for the complete resolution of a
mixture of vinclozolin, endosulfan I and II, and endosulfan sulfate
were the following (see fig. 1):

: Carrier gas (He); flow € 15 psi; - 4 mL/min.

Septum Flush; 3 mL/min.

Split Vent; 55 mL/min.

Make-up gas (5% methane, in argon); 20mL/min at the detector.

Temperature program: Time/rise Temperature (°C)
1l min 62
309/min 62 - 250
1l min 250
309/min 250 - 260
5 min 260

09
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Under these conditions, vinclozolin had a retention time of

6.54 min.

One microliter injections of standard and sample solutions
were made automatically. All samples were run in triplicate.
R;sults were accepted when the relative standard deviation (RSD)
was <5% for standards and <10% for field and laboratory samples.
Standard solutions ranged from 8.7 ng/mL to 870.8 ng/mL. Over this
100-fold range, the EC response was found to be linear. Whenever
the concentration of unknown was outside this range, appropriate
dilutions with acetonitrile or evaporation were made.

The practical limit of detection was 8.7 ng/mL. Although
concentrations of one half this level could be integrated with
almost equal precision, it was not necessary to achieve a
sensitivity greater than the stated value for most samples.

Recovery studies of vinclozolin for gloves, patches, and
SﬂﬁTEN solutions (simulated dislodgeable residue extract), as may
be seen in Table 1, ranged from 70% to over 100% of added
vinclozolin.

4.4 Statistical Analysis

Statistical analyses were performed using SAS, a statistical

c&%puter software program developed by Statistical Analysis

Systems, Inc.
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5.0 RESULTS AND DISCUSSION

5.1 Dermal Exposure

Physical characteristics (sex, age, weight, and height) and
body surface, calculated by the method of Sendroy and Cecchini
(1954), are shown in Table 2. Individual productivity, listed in
Table 3, is expressed as crates of strawberries harvested per hour
for the morning, afternoon and all-day observation periods.

Tables 4-1, -2, and -3 show exposure rates of individual
workers for morning, afternoon and all day, expressed in mg/h; for
left and right hands and lower-arms. Exposure rates for AM- and PM
hands and lower-arms were directly calculated from dermal
concentrations and hours monitored. Daily exposure rates for hands
are time-weighted averages.

Lower-leg exposure concentrations were mostly nondetfctable
a;a were, therefore, not considered to contribute significantly to
total dermal body exposure to vinclozolin. Since only one
subject,No.7,exhibited a lower-leg exposure rate of about 10% of

total on Day-l, it was decided not to include lower-leg exposure

values for subsequent analyses.

ad

Table 5 is a three-day summary of exposure rates of all18
véiunteers for six observation periods (N=108). Judging by these
results, it appears that hand exposure is the major target of
dermal exposure of strawberry harvesters. Mean hand exposure rate,
0.251 mg/hr, may be compared with 0.027 mg/hr for lower arms. This

observation is consistent with results from previous studies on

I



Page 2 of __2

Section No. 5
Revision No. 0
Date:_February 29, 1984

strawberry harvesters exposed to captan (Final Report to EPA, 1982)
and carbaryl (Carbaryl Report to EPA, 1983).

It also appears that vinclozolin exposure was considerably
lower for the same group of workers than corresponding carbaryl
exposure (0.28 mg/hr vs. 1.89 mg/hr, respectively). A probable
explanation for this finding may be the fact that vinclozolin had
been applied 15 days earlier than carbaryl, and lower dislodgeable
vinclozolin residues were found on corresponding study dates (see
below). .

By statistically analyzing the date for six observation
periods, hand exposures for the AM-observation period were shown to
be greater than those in the afternoon, (2=2.157; N=54; p<0.016).
Similar results were found in the carbaryl study and may be
related to dew formation on foliage during the early morning hours.
This may cause glove monitors to become quickly saturated with
water. In contrast to the transfer of dislodgeable residues on tree
crops, as discussed by Popendorf and Leffingwell (1982), the
results reported here may reflect the effect of water-saturated
glove monitors which may enhance the transfer of dislodgeable
residues from foliage. .

By applying Duncan's Multiple Range Test, it can be shown
that mean dermal exposure rates for all 18 workers were not
significantly different on any of the three days of the study. One
exception to this finding were afternoon exposure rates for hands,

which were significantly lower on the third day than on the other

12
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two days (0.210, 0.252, 0.125 mg/hr for Days-1,-2, and -3,

respectively).
5.2 Comparison of Dermal Exposure Rates of Workers Grouped by

Physical Factors

One of the primary goals of these exposure studies, sponsored
jointly by EPA and DOL, was the investigation of possible
differences in dermal exposure between two groups of workers, 10-11
year old (Group I) and 12 years of age and above (Group II). As may
be seen in Table 2, none of the volunteers were below 12 years of
age. It is possible that the cooperating grower purposely excluded
volunteers from this age group. Due to the absence of 10-11 year
old subjects, physical characteristics other than age had to be
chosen for purposes of comparison. Body weight and body surface
vere selected as appropriate physiognomic properties characterizing
these two age groups.

; Dividing the workers into two groups according to body weight
(<50 kg and >50 kqg), it was shown by the application of chi-square
statistics that afternoon exposure rates to hands were larger among
the subject group whose wveight was >50 kg (0.24 mg/hr vs. 0.12
md}ht; see Table 5-1). Other exposure rates tested by these
sé;tistics were found not to be different. These results are
consistent with those found for carbaryl exposure in the same group
of workers (Carbaryl Report, 1983)

When the subjects were grouped by body surface (<1.52 m2 and

>1.52 m2), it could be demonstrated that three types of exposure
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rates were lower among the <1.52 m2-group, hands-PM, hands-all day,
and total.

There appears to be logic in dividing the group according to
their physiognomic properties for testing exposure differences. For
example, six out of seven subjects with smaller body weight also
had smaller body surface. One exception to this rule seemed to be
Subject No. 23 whose body surface was slightly larger (1.53 mz)
than the cutoff point, so that No. 23 was placed in the "bigger"®
group. However, the method of estimating body surface by nomegraph
(Sendroy and Cecchini, 1954) may not warrant making this
distinction.

All 12-year old subjects belonged to the groups of ®smaller"
and "lighter weight" persons. (Six out of seven subjects in either
group were female.) One may conclude, therefore, that younger
strawberry pickers are subject to lower dermal exposure than a
group of older pickers in the same occupational setting.

5.3 Correlation Between Exposure, Age, and Productivity

In previous studies on dermal exposure to captan and benomyl
by strawberry harvesters (Final Report to EPA, 1982; Zweig et al.,
1983), evidence was presented that exposure, productivity, and age
of workers correlated in some cases. In the studies on vinclozolin
reported here, additional evidence for these correlations is
presented through regression analyses. Linear regressions are
shown in figs. 2,3, and 4. Although the experimental data were not

ideal for statistics due to uneven distribution of ages,
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Btatistical analyses did reveal a significant correlation between
exposure rates and age (Table 7-1) and productivity (Table 7-2). A
possible interpretation of these results is that dermal exposure is
positively affected by the individual's productivity. Age also
seems to correlate positively with productivity, indicating that
older workers might be more experienced and motivated.
Consequently, the older workers seem to receive higher dermal
exposure than the younger ones in the same occupational and
environmental setting. A detailed analysis of the variability of
workers' exposure to carbaryl showed that intrapersonal variability
is larger than interpersonal variability, and, therefore, age alone
of an individual worker does not necessarily serve as a reliable
predictor of his exposure (Carbaryl Report, 1983), and no
conclusion may be drawn from the exposure rate of one individual

and his age.

>
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¥ 6.0 DISLODGEABLE FOLIAR RESIDUES

6.1 Decline of Vinclozolin Residues

There is increasing evidence that the major source of dermal
exposure to pesticides by fruit pickers is dislodgeable foliar
residues of pesticides resulting from the application of pesticides
to the field prior to the entry of harvesters. It was important,
therefore, to study the decline of dislodgeable foliar residues of
vinclozolin for a period of several weeks after the last
application date. The first sampling date of strawberry leaves for
vinclozolin represented Day-l17 post-application and corresponded to
Day-l for carbaryl. The days on which the harvesters were monitored
were Days-31, -32, and -33 post-application. A semi-log plot of
vinclozolin dislodgeable residues vs. days post-application, shown
in fig. 5, indicates first-order kinetics with a half-life of
vinclozolin estimated at 4.3 days on strawberry foliage.

6.2 Transfer Coefficient for Strawberry Barvesters

The transfer coefficient is an expression of transfer
efficiency of dislodgeable residues from foliage to the skin of the
field worker or harvester. The transfer coefficient is calculated
according to Equation (1):

(1) kg = —— (dermal dose rate)
(Dislodgeable foliar residues)
(kg has the dimensions of cm?hr-1)

The transfer coefficient may be considered to represent the
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ideal area of foliage "contacted” by the worker if the residue were
quantitatively removed from the foliage and deposited on his skin.
In reality, much less than quantitative transfer is effected. For
example, it has been shown that during harvesting of citrus,
approximately one-half of parathion and paraoxon residue was
removed during harvesting activity by pickers (Spear et al., 1977).
Furthermore, in tree crope it is unlikely that all of the dry
residue removed from the foliage will be deposited onto the person,
independent of dermal absorption. Thus, the value of kg is expected
to be much smaller than the actual foliage contacted or disturbed.
Theoretically, one could estimate the ideal coefficient if one
could accurately determine the fraction of residue removed from the
foliage during the harvesting process and the fraction deposited on
the skin of the harvester.

Table 9 lists the calculated transfer coefficients from the
tﬁtee days of the study using mean values for dislodgeable residues
and mean dajily dermal dose rates for the group of workers observed.
The kq values range from about 30-50x103cm?hr~1, values which
are considerably higher than those obtained in previous studies on
sérawberry and tree crop harvesters (Carbaryl Report, 1983; Final
Report to EPA on Captan; Zweig et al., 1983) for whom the
corresponding values were of the order of 52103 cm?hr~l. A larger

value for kg suggests that greater transfer efficiency exists for
vinclozolin residues than, for example, those estimated for

carbaryl under identical conditions. The difference between

17
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carbaryl and vinclozolin residues may be their respective "age®;
vinclozolin was applied 14 days before carbaryl, and therein might
lie the difference in the type of residue found. Based on previous
observations, it does not appear that physio-chemical properties
of a compound had a large effect on its transfer efficiency, and
one must speculate that there exist other factors which explain
this behavior.

6.3 Carbaryl-Vinclozolin Ratios

From the data presented here and those previously reported for
carbaryl (Carbaryl Report, 1983), it is possible to calculate the
ratio of carbaryl and vinclozolin existing as dislodgeable foliar
residues and dermal concentrations (dermal dose rates). The ratios
for carbaryl:vinclozolin from dislodgeable foliar residues range
from 46-98, as shown in Table 10, while the corresponding values
from dermal dose rates are considerably lower, with the possible
exception of lower-arms' on Days-1 and -3. 1f one were to
hypothesize that dislodgeable foliar residues represented the major
source of dermal exposure, one would have expected these two
pesticides to appear in similar proportions on leaves (dislodgeable
residues) and skin (dermal exposure). This was indeed demonstrated
in our previous study dealing the the simultaneous exposure by -
strawberry harvesters to captan and benomyl (Zweig et al., 1983).
The fact that the carbaryl:vinclozolin ratios are significantly
smaller on the skin than leaves suggests two possibilities: one,

that vinclozolin dislodgeable foliar residues behave differently than
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carbaryl residues and/or secondly, that there may be an additional
source of vinclozolin contributing to dermal exposure (fruit or
80il?), thus resulting in lower ratios. The fact, however, that
vinclozolin transfer coefficients (see 6.2) were larger than
"normal® supportes the first view that vinclozolin dislodgeable
foliar residues behave differently than most other pesticide

residues which have been studied by us under field conditions.
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300 mL Surten®
300 mL Surten®
Patch #1
Patch #£2
Patch #3
Patch #4
Glove #1
Glove #2
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TABLE 1

Recovery Studlies on Vinclozollin

Yinclozolln Per Cent Recovery
Added Found
(ug)

239.0 196.7 82.3
218.0 177.9 81.6
218.0 155.6 71.4 .
218.0 152.5 69.9
218.0 157.3 72.2
239.0 174.7 80.2
218.0 230.5 105.7
218.0 233.4 107.1

Surten® Is the trade mark for sodium dioctyl sulfosuccinate

surfactant. The Surten® solutlion for this experiment was a 60-ppb

aqueous solutlon and was used to simulate surface extraction of

dislodgeable vinclozolin resldues from strawberry leaf dlIsks.

20



Physical Characteristlics of Strawberry Harvesters

1D

O W o ~N o

1
11
12
13
14
15
17
18
20
21
22
23
25
26

TABLE 2
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Sex  Age  Neight Helght Surface Area'

X XE MM "M ®mMm X M M ¥ X M M M M M M =M =

40
12
18
29
13
32
15
16
13
13
12
12
14
14
37
16
12
15

kg
69.5
42.3
63.6
56.7
43.1
61.3
59.0
50.4
63.6
70.4
45.4
49.9
56.7
54.5
49.9
49.9
45.4
63.6

cm
168
163
175
164
149
175
160
173
178
168
157
163
180
165
152
165
160
183

mn2
1.77
1.52
1.78
1.58
1.35
1.72
1.62
1.56
1.76
1.78
1.42
1.52
1.70
1.59
1.46

Determined by the method of Sendroy and Ceddhlinli

21

(1954).
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26
Mean

TABLE 3

Productivity of Strawberry Harvesters (crates/hour)

LIHPRT0 [HPROD DAYPKUD

1.47
Gebl
()o bl'
U 7‘5‘
('J. 3:‘
0,91
V.92
0, 60
0.9°
0.97
Le0O3
Y. 18
2.5%
0. 5%
0.99

1 Lad
1,25

052
Ue57
0.94

DAY=1

1,33
O0.47
100
1400
Le63
1.05%
1¢1%
1.35
O.30
0«55
0,72
C.72
Celo
Veb?
0.6t
D.50
0.34

0.88

Note: ".” = missing value

1.17
Oeho
) o 89
0. R0
(VI
i.00
l1e0%
0.79
0.8
Cehn

Cehl
1.29
Uof“l
1.06
0.,

0.85

AUPRA0 I'MPROD DAYFPROD

1.0}
G.7C
(.99
1.02
1.17
leld
0.33
0.77
1.09
0,75
0652
0.52
095
0.67
0sS52
l.2%
0e57
0,82
0.85

DAY =2

042
1.40
V.92
0«52
0.2¢2
l.11
D¢41
056
0.67
0.80
0.62
025
0.65
¢e50
0.3b
1.25
0.62
Ue 74
0.70

1.05
Oof‘?
0,97
1.00
0.7
1,09
0,9
0,7u
1,08
V.62
0.5%
Ge62
0.8
0.50
Ce?77
Ue71
0.60
CoT4
0.78

DAY=3

AMPRID PMPROD NAYPR(OD

0,95
0.85
0.95
0,37
0.70C
0.97
1.00
0.61
1.02
1.54
].o 1{)
0. 95
1,064
0.37
1.01
1,55
0.78
0,72
0.92

0.68
1.03
1,23
1.17
0.48
0.79
l.37
0.068
1.43
0.76
0.98
0.30
0.6%
0.064
1,03
1.94
0.90
0.58
0.92

0,93 1.04
0.RZ 0.68
0,91 _ 0.91
1.J0 __ 0.99
T 0.67 0.78
T0.89  1.00
~ 0,93  1.00
—0.50  0.72
1,00  0.97
"T0.%3  0.57
0.92  0.74
Uo”l 0.60
1,03 1.04
0.2 0.60
1.01 0.89
1,09  0.96
G'Z‘b 0.70
0.71 0.72
0.85 0.83

AVERAGE (3 d)

t@3eg
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Vinclozolin Dose

ARMLEFT AKKRIGHT ARMS

0.0i0
V.U06

0.013
C.ul4
0.062
0.01¢
0.00¢
J.003
0.007
L.CCOY
C.CO0
0.060
0o.007
C.015
G.020
0.010
0.009
0.008

0.014
0.018

0+01¢
C.0CO
Cell4
0.060
0.0065
0.017
0.0C6
0.0ChH
0.00%
0.002
¢.007
0.0C2
0.020
0.016
0.009
0.017
0.021
0.009

0.016
0.018

0.024 0.503
G.004 V.201
C.027 0.101
0134 0,225
C.106 0.246
0.031 0.117
0.010 0.10%
0.011 U.129
0,012 0.065
0.006 0.092
0.013 0.077
0,002 0.051
0.027 C.11¢
0,031 0.100
0.029 0.600
0,026 0.17%
0.030 0.082
0.017 0.147

0.030 0.145
0.035 0.121

TABLE 4-1

AMLEFT AMRIGHT

0.31H8
0.096
0.119
0.199
OellH
0.220
0.075
0.074
0.087
0.128
0.044
0.208
0.162
0.292
0.112
0.048
0.133

0.143
0.078

(mg/hr)

AM

0.850
0.297
0.621
0.429
0.304
0+337
0.151
0.¢03
0.152
0.229
0.205
0.L9%
0.324
0.4(b
0.292
0.287
0.131
0,280

0.287
0.171

PMLLCFT PMRIGHT

0.213
0.04%
0.132
0.212
0.097
0.141
0.06606
0.113
0.0064
0.036
0.03¢
0,017
0.1C4
0.132
0.071
0.123
0.074
0.084

0.102
0.059

0,220
C.0tq
0.103
0.161
0.147
C.192
0.056
0.137
0. 056
0,042
0,037
0,028
0.253
0.097
0.05%0
0.09%
0.052
0.135

Rates for Strawberry Harvesters -- Day-1

PM

0.433
0.108
0e235
0,393
0,265
0,332
0.121
0.2%0
0.120
0.078
0.071
0045
04437
0,229
04127
0.218
0.126
0,220

LEFT

0.308
0,098
0.119
0,215
0.1060
0.132
0.064
0.121
0.0065
0.057
0.051

J.0306
O0.1l02

0.122

0.051

0.135
0.078
Osl110

RIGHT HANDS 10TAL

C.2069
0,074
Uell0
G.lbo
0.13%
0.201
0.065%
0.10%
0.070
o.077
0.073
0.036
0.239
0.122
0.123
0.099
0.050C
U.134

0.057 0.621
0.'72°0,176

Cer sy
G.400
C.29%
0.334
0.149
C.226
0.135
0.133
Ce.l24
0.07¢
0.40]
0.244
0.17¢4
G.Z34
C.l¢8
0.250

0.108 0.210 0.122 0.121 0.242
0.068 0.123 0.081 0.065 0.140 0.157

0.255%
0.540
0.w03
0.3¢5
0.156
0.237
0.147
0.140
0.137
0.074
O.428
0.275%
0.203
0.260
0.159
0.267

0.273

abeg
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Vinclozolin

AFMLEFT ARMRIGHT ARMS

0.009
0.001
0.018
0.044
0.02%
0.003
0.033
0.0kl
G.01E€
v.00¢t
0.002
0.013
0.009
0.011
0.026
V.0C5
0.00¢
0.009

0.018
0.020

G.010
0.009
0.Clé
0.067
0.011
0.C03
0,005
0,087
0.016
0.01%
0.005
0.002
0.0006
0.022
0.029
0.006
0.005
0.013

0.017
0.020

0.C19
0.010
0.03%
0.111
0.035
0.006
0.038
0.148
0.034
0.023
0.007
0.014
0.015
0.033
0.0%55
0.011
0.011
0.022

0.035
0.037

TABLE 4-2

Dose Rates for Strawberry Harvesters -- Day-2

(mg/hr)

AMLEFT AMRIGHT AM

C.309
0,027
0.127
0.238
"0¢149
0.081
0.474
O.24t
0.134
0.121
0160
0.078
0.172
04105
0.115
0.418
0.115
0.050

0.173
0.121

0329 0.638
0.102 0.149
0.151 0.276
0.214 0.452
0.104 0.253
0.076 0.157
0.295 0.769
0.184 O0.422
0245 0.379
0.108 0,228
0.184 0.344%
0.042 0.120
0.159 0,331
0.159 0.2565
0.073 0.1b8
0.518 0.926
0.044 0,15%9
0.026 0.077

PMLEFT PMKIGHT

0.409
0.022
0.085
0.124
0.043
0.066
0.480
0.321
0.294
0.041
0.032
0.015
0.150
0.077
0.232
0.023
0.127
0.118

0.167 0.341 0.148
0.122 0.234 0.141

0.209
0.03¢6
0.10%
0.158
.07
0.120
0.242
0.147
0.147
0.060
0.060
0.032
0.169
0.003
0.133
0.02%
0.097
0.052

0.105
0.066

PM

Ceb17?
0,058
0.190
0.2E2
0.130
0.1&6
0,722
Qebob
0.642
0.100
0.093
0,048
0.31b
0.080
0.36%
0.048
0,224
0.171

0.253

LEFT

04357
0.024
0.099
0.159
0.107
0.073
0.477
0.285
0.218
0.0b2
0.105
0.057
0.160
0.087
0.1583
0.220
0.121
0.078

0.161

RIGHT

0,271
0.001
0,120
C.175
0.097
0.097
0,200
0.165
GelYy
O.0LY
0.131
0.039
0.164
0,057
0.108
Oecle
0.009
0.037

HANDS

0.628
G.08%
0.220
0.334
0.204
Gel71
0.745
0.450
0,012
0.16¢
0.236
0.09¢
0.324
O.144
0.291
0.492
0.190
0.115

0.134 0.295
0.201 0.116 0.078 0.187 0.200

TOTAL

0.647
0.095
0.253
0.44¢
0.239
0.177
0.763
0.598
0.446
0.189
0.243
0.110
0.340C
0.177
0.34¢
0.503
0.201
0.137

0.329
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TABLE 4-3

Vinclozolin Dose Rates for Strawberry Harvesters --

ARMLEF T ARMKIGHT ARMS

G.008
G.01%
0.00%
¢.019
0.00%
G.001
0.0602
0,014
0.007
0.002
0.601
0.C01
0.011
0.030
0.0c8
0,003
0.012
0.005

0.009
0.009

0.011
0.002
0.003
0.006
0.0Co
0.011
0.0C2
0.009
0,016

C.003

0.001
0.0C6
0+UG5
0.013
0.0006
0.003
0.004
0.009

0.007
0.004

0.019
0.017
0.00¢&
0.027
0.012
0.012
0.00¢4
0,022
0.024
0.C05
0.003
0.01¢06
0.043
0.03%
0.006
0.01¢
0.014

0.016
0.011

(mg/hr)

AMLEFT AMKIGHT AM

0.331
0.069
0.152
0.030
0.09%
0.11%
0.032
0.C82
0.05¢4
0,037
0.029
0.110
0.01b6
0.223
24471
0.137
0.0506
0.181

0.235
0.564

0.456
0.063
0.112
0.031
0.063
0.128
0.113
0.02b
0.049
0.051
0.052
0.0064
0.02%
0.057
0.434
0.070
0.033
0.116

0.109
0.126

0.7658
0.133
0.2¢%
0.0¢7
0.179
0,263
0.145
0.11¢C
0.102
0.068
0.060
0.174
0.043
0.280
2.905
0.20¢&
0.089
0.297

PMLEFT PMRIGHT

0.186
0,043
0.066
0.028
0.044
0.041
0.052
0.062
0.0%¢
D.026
0.030
0.016
0.102
0.050
0.081
0.061
0.048
0.068

0.344 0.060
0.660 0.038

0.227
0.006%
0.06¢
0.02¢
0.03¢€
0.138
0.03%
0.035
0.070
0.028
0.039
0.044
0.125
0.094
0.034
0.047
0.015
0.060

0.066
0.052

PM

0.41¢
0.107
0.13¢2
0.0%53
0.082
0.179
0.087
0.097
0.124
0.054
0.070
0.0062
0.228
0e144
0.115
0.108
0.0064
0.14b

0.126

Day-3

LEFT

0,272
0.051
0.100
0.03¢
0.064
0.074
0.041
0.076
0.054
0.029
0.030
0.070
0.082
0.130
0.9061
0.0b1
0052
0.130

0.130

RIGH

0, 362
004
0.044
0,028
0.Ub5
0.134
0,040
0,030
0.00¢
0.03%
0.C4%
0,055
0,162
0.077
0.1b2
0.053
0.023
0.0e%

HANDS

D.06349
Oelld
Oe1bi4
0.061
0.119
0.207
0.121
0.1006
C.l1l0
0.063
0.074
O.125
Q.1t4
0.207
1,149
0.134
0.G75
0.215

10TAL

0,653
0.132
0.19¢
0.0bt
0.131
0.219
0.124
0.128
0.140
0,068
0.07¢6
0.131
0.200
0.249
1.1€3
0.141
0.091
0.228

0.086 0.216 0.232

0.085 0.216 0.079 0.266 0.271
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VAR]ABLE

+ WMLEFT
LIMRIGHT
L KMS
LELEFT
L MFRIGHT
Ay
rFLEFT
F PRIGHT
1

{ LFT

A IGHT

Hh ANDS
JLTAL

Summary of Dose Rates for Strawberry Harvesters (3 Days)

N

59
54
54
54
=L
he
be
La
54
56
54
54
54

TABLE 5

(mg/hr)

ME AN

0.014
0.013
0.027-
0.1u4
0.14C
0.324
0.103
0.093
0.19¢.
0.137
0.114
0.251"
0.278

STANDARD
LEVIATION

0.016
0.016
0.031
0.33¢6
0.111
0.409
0.096
0.064
0.151
0.147
0.076
0.203
0.214

MINIMUM
VALUE

0.000
0.000
0.002
0.000
0.025
0.043
C.015
0,003
0.045
0.024
0,023
0.061
0.0¢c8

MAXIMUH
VALUE

C.001
0.067
0.148
20471
C.518
2905
0.480
0.253
0.722
G967
0,302
1.149
1.183
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TABLE 6-1

Statistical Analysis of Dermal Exposure Rates for Strawberry Harvesters

Grouped by Welght -- Three Days' Observation

Yariable N Dermal Exposure Rate Type Kruskall Nallls e
ng/hr xz
>50 kg 33 0.03
Lower arms 2.36 0.12
<50 kg 21 0.02
>50 kg 33 0.30
Hands, AM 1.08 0.3
<50 kg 21 0.36
>50 kg 33 0.24
Hands ,PM* 11.19 0.0008
<50 kg 21 0.12
oOon
>50 kg 33 0.27 22080
Hands,all day®® 3.44 0.06 e —~+o
<50 kg 21 0.22 §g
>50 k 33 0.30 Z e
9 Total®® - 3.71 0.05 7
<50 kg 21 0.24
2
#significant
##t|me-welghted average PL:N

961
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TABLE 6-2

Statistical Analysls of Dermal Exposure Rates of Strawberry Harvesters

Grouped by Body Surface ~- Three Days' Observation

Yacinbia N Dearmal Exposurs Rata Iypa Kruskall XNalils 2
mg/hr x2
>1.52 m4 36 0.23
Hands , PM# 9.06 0.0026
<1.52 m? 18 0.12
>1.52 mé 36 0.27
Hands,al | day®* 5.26 0.0218
<1.52 m2 18 0.21
>1.52 mé 36 0.30 oDwv
0.23 Total# 5.43 0.0198 -4
<1.52 m2 18 . s=3%
oS
:ZN
#significant zo

#s¢+ime~-welghted average

0o
R4
T 0

L6}
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TABLE 7-~1
Correlatlion Between Dermal Exposure Rates of Vinclozo!ln and Age of

Strawberry Harvesters

Type of Pearson Spearman
Exposure Correiation p Correlnation 1
Left hand*® 0.48 0.003 0.50 0.0001
Right hand* 0.56 0.0001 0.57 0.0001
Hands, AM 0.46 0.0005 0.46 0.0005
Hands, PM 0.42 0.0016 0.53 0.0001
Hands, all day® 0.55 0.0001 0.57 0.0001
Arms 0.21 0.13 0.37 0.0056
Total® 0.55 0.0001 0.58 0.0001

*TIme-welghted averages for hands
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TABLE 7-2

Correlation between Dermal Exposure Rates and

Productivity of Strawberry Harvesters

Jype of Bearson
Exposure Corralation R
Coefficlient

Left hand® 0.31 0.0268
Right hand® 0.44 0.0011
Hands, AM 0.23 0.0987
Hands, PM 0.47 0.0005
Hands, all day® 0.39 0.0046
Arms 0.14 0.32
Total® 0.39 0.0046

®*TIme-welghted average for hands
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TABLE 8

Decliine of Disiodgeable Residues of Yinclozolln on Strawberry Leaves

Days Post-Application® Dislodgeable Resldues
N (Geometric Means)

ng/cn2

17 2 91.2

19 3 41.7

23 1 18.2

30 2 7.41

31 2 8.91

32 2 5.37

33 2 5.24 -

®1 Ib/A each on May 5,15, and 22 May, 1982;

filrst sampling date: June 8, 1983
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TABLE 9

Transfer Coeffliclents for Vinclozolln for Strawberry Harvesters

Day of Study Days Post-Application kg
(em?hr—1)
1 31 30.0x103
2 32 58.8x10°
3 33 44,6x103
Mean 44.5x103

Standard Devliation 14.4x103
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TABLE 10
Carbaryl:VinclozolIn Ratios for Dislodgeable Follar Resldues

and Dermal Exposure Rates

Dilslodgaeahle Rasldua Darmal
ug/cmy mg/hr
2o0llin___C/Y _Carbaryl  VYinclozolln = C/¥Y

Day=1 0.61 0.009 67

Hands 1.99 0.242 8.2

Arms 0.66 0.030 22

Total 2.65 0.262 9.7
Day=2 0.55 0.0056 98

Hands 1.20 0.295 4

Arms 0.41 0.035 12

Total 1.61 0,330 4.9

Hands 1.02 0.216 4.7

Arms 0.43 0.016 26

Total 1.45 0.232 6.3

FUET 5z AIUmIqu I teieg
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FIGURE 1
Capillary GLC of mixture of standards of vinclozolin (retention
time: 6.53 min); endosulfan I (7.44 min); endosulfan II (7.80 min);
endosulfan sulfate (8.16 min); experimental dtails described in

text.
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FPIGURE 2
Linear regression of exposure rates versus age of strawberry

harvesters exposed to vinclozolin.



EXPOSURE RATE (mg/hr)

(VINCLOZOLIN) EXPOSURE VS. AGE

oo 1 ] I d

0.6

—
0.5 s
0.4
0.3 |—
(N
o 0]

Sany
mr zisa
| o O b

O 2 POINTS §g
y = 0.0132X + 0.0326 ggp.
r = 0.82 O
> p = <0.0005 o
W
o fo
-
=]
| i 1
’ 10 20 30 40




Page S of 10

gecgiqn Ng. 13
evision No.
Date: February 29, 1984 208

FIGURE 3
Linear regression of exposure versus productivity of strawberry

harvesters exposed to vinclozolin.
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FIGURE 4 ;
Linear regression of productivity of strawberry ha&vesters

versus age
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FIGURE 5
Semi-log plot of decline of dislodgeable vinclozolin foliar

residues on strawberry plants; vertical bars are confidence

Y

intervals; r=-0.96.
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Simultaneous Dermal Exposure to Captan
?333Benomyl by Strawberry Harvesters

Research performed by

University of California
Richmond, CA 94804



Abstract

Ten strawberry harvesters were monitored during work-
ing hours for dermal e:posure due to captan [3Za,4,7.7a-
tetrahydro-N-(trichloromethanesul fenyl) phthalimidel and
benomyl [methyl 1-C(butylamino) carbonyl l-1H-benzimidazol-
2-ylcarbamatel. The average dermal expoéure was found to be
29.01 mg/hr/person for captan and S$.39 mg/hr/person for
benomyl. The ratio of the dermal concentration of captan
and benomyl was found to be similar to the ratio for
dislodgeable foliar residues of the same two pesticides
from strawberry plants in the same plot. Froductivity, as
measured by the gquantity of fruit picked, and dermal expos-
ure of individuals to benomyl correlate positively. The
study was designed to measure left- and right handed dermal
exposure and to determine dextral preference among

strawberry pickers.
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The determination of dermal exposure to pesticides by
harvesters of fruit and field crops forms the basis for
establishing reentry intervals. These intervals are
designed to permit agricultural field workers to reenter
pesticide-treated plots without suffering any ill effects. The
regulation of organophosphorus insecticide residues for
farmworker protection has been recently discussed by Fopendor+
and Leffingwell (1982). Most of the previous attempts to corre-
late dermal human exposure with dislodgeable foliar pesticide
residues have dealt with a single pesticide (e. g. Fopendor¥,
1980). A field study has now been conduéted in whiéh strawberry
harvesters were monitored in a plot that had been treated with
two fungicides, captan and benomyl, to control mainly botrytis
and powdery mildew. The major aim of the experiment was to answer
a key question: Does the same proportional relationship exist
between two pesticides occurring as dislodgeable foliar residues
and dermal deposit?

EXPERIMENTAL SECTION

Description of Field Study. A cooperative strawberry

farm located in the Pajaro Valley, near Salinas,

California, was chosen as the site. The date of tﬁe study

was May 19, 1982. The monitoring was conducted during the

.morning (0800 - 1000 hours) when the temperature ranged

between 53°F and 66°F, and the wind was recorded at less

than 7.4 km/hr. Ten harvesters who volunteered for this study were
provided with light cotton gloves, used in photographic dark-

rooms, marked with indelible numbers to identify each subject and

the letters "R" and "L" to designate the right and left hand.

W,
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Each volunteer was also provided with dermal dosimeters fastened
to the outer side of the forearm, 6-in. above the wrist, with
surgical tape. This dosimeter consisted of a 12-ply 3x3 in
surgical gauze placed into a slightly larger glacine-—paper
envelope with a circular 60-mm diam hole facing the outside (away
from the skin) and a piece of polyethylene film placed on the
other side of the gauze nearer the skin to serve as a moisture
barrier. In this way, 28 cm2 of the gauze pad was exposed to the
environment. The workers were not required to wear any special
protective clothing other than those normally worn early in the
morning, like slacks and long—sléeve shirts. Subjects were
measured for height and weight; age, sex and manual preference
were recorded.

Subjects went about their normal work, picking
strawberries in a bending or squatting position. For the comfort
of the workers, the gloves and forearm dosimeters were removed
from the subjects after about two hours and stored in plastic
bags. packed with "dry-ice" during transport and kept in freecers
until the extraction and analyses could be performed.
Productivity for each subject was recorded as "number of crates
harvested" during the monitoring period.

Forty-eight strawberry leaf disks for dislodgeable
residue analyses were taken from different plants diagonal-
ly across the'strawberry plot with a mechanical leaf punch.
This tool is equipped with a 3-cm diam circular die and
attached with a screw cap to a 4-oz wide—-mouth glass jar.

Details of this and other sampling techniques are described



by Fopendorf, et al. (1982b).

Information obtained from the commercial pesticide
applicator showed that the latest application prior to the
study took place on May 15, 1982 ( 4 days prior to éhe
study) and consisted of the following given as active
ingredient (a.i.): 1.5 gal EC dicofol (2.4 1b a.i.)3 1 1b
benomyls 4 1b captan.

Materials and Analytical Instrumentation. Analytical-
grade captan, benomyl, and carbendazim (methyl 1H~-
benzimidazol-2-ylcarbamate) were obtained from the EFA
Reference Standard Repository, Research. Triangle Park, NC
277115 carbendazim was also obtained from duFont Nemours %
Co. All solvents used throughout were HPLC-Grade ("Raker
Analyzed" or equivalent). Water for HFLC solvents was
passed through a Milli-@ Water Purification System. Mobile
phases for HFLC were degassed by filtration through
Millipore FHUF filters and stirring under a water-pulled
vacuum for Z0 min.

A Tracor-222 Gas Chrqmatography Apparatus, equipped
with a 60Ni-EC detector and Hewlett—-Packard electronic
integrator (HP 3390A) was used for captan analysis. The
chromatographic column was a 3 ft x 2 mm (i.d.) glass
column packed with OV-10 (10%) on Supelcapqrt (807100
mesh).

For the analysis of benomyl and carbendazim the
following HPLC apparatus was used: Waters Model 6000A

Solvent Delivery System: WISF Automatic Sample Frocessors:

Model 4S50 Variable Wave Length Detectors Water Data Modules

218
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RP-18 Spheri S Brownlee Labs. bonded reversed-phase column
(25 cmx 2 mm i.d.). A Bausch % Lomb Spectronic 2000 record-
ing spectrophotometer was employed for confirmatory analy-

sis of benomyl and carbendazim.

SO to 60 mL of acetonitrile by placing the sample and solvent
into a 125-mL wide-mouth LFE bottle fitted with a screw cap and
shaking the contents on a mechanical platform for one hour.
Gloves were extracted in a similar manner by using 100 mL of
solvent and S00 miL-plastic bottles.The solvent layer was decanted
and passed through a Millipore BD (0.6 um) filter. Aliguots of
the filtrate were analyzed for captan and benomyl by GLC and
HPLC, respectively. In order to maintain the linearity of the
electron—-capture detector for captan analysis, up to Z20-fold
dilutions of extracts containing high concentrations of this
pesticide were necessary.

Dislodgeable foliar pe;ticide residues and dust were
isolated from leaf punches according to methods developed by
Gunther (1973,1974), lwata (1977) and Fopendorf and Leffingwell
(1977). Leaf punches were surface-extracted with 100 mL of a 60 -
ppb aqueous solution of dioctyl sodium sulfosuccinate by agita-
tion on a reciprocal-action mechanical shaker for 30 min. The
liquid phase was carefully separated from the plant tissue and
extracted three times successively with SO0 mL each of dichlorome-
thane in a S00-mL separatory funnel. If an emulsion formed, the

addition of a few mLs of sat. aqueous Na SO was usually
2 4

-~
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sufficient to separate the phases. The combined organic e:tracts
(bottom phase) were filtered through glass wool and ; bed of anh.
N§2804 and evaporated in vacuo to complete dryness. The residue
was finally taken up in 10.0 mL of acetonitrile. Aliquots of this
solution were directly analyzed for captan and benomyl as will be
described below.

Leaf dust, originally washed off with the surfactant,
remained in the interfacial solvent-water layer in the separatory
funnel and was quantitatively transferred after the last solvent-
extraction to a pre-weighed glass filter. After drying at 110O

overnight, the filter was weighed again, and the weight of the

foliar dust calculated by difference.

Analysis of Captan and Eenomyl One to 5 UL of the
final extract or appropriate dilutions thereot, were ana-
lyzed for captan by gas-liquid chromatography. Chromatogra-
phic conditions were the following: argon-methane carrier
gas flow rate —— 65 mL/min; column temperature -—- 2100.
Under these conditions, captan eluted as a sharp peak at
1.27 min. No interfering peaks were observed 1in any of the
field samples. Quantification was performed by area-integr-
afion using an electronic integrator and an external stand-

’

ard calibration curve. Results were reported as lg/sample

2

for patches and gloves and kg/cm leaf surface or lug/mg of
dust for dislodgeable residues.

The analytical method for benomyl is based on the
spontaneous conversion of benomyl to carbendazim in

acetonitrile and subsequent analysis of carbendazim by HFLC



(Zweig and Gao, 1983). Twenty—five microliters of the final
extracts was analyzed by reversed-phase HFLC on a C-18
bqnded column using as mobile phases acetonitrile-water in
the proportions of 65:35 or S50:50, v/v and a solvent flow
rate of 1.3 or 1.5 mL/min, respectively. Benomyl and
carbendazim were detected at 286 nm. The elution time for
carbendazim with both mobile phases was found to be 2.4
min. The retention times for benomyl, stabilized by the
addition of n-butylisocyanate (Chiba, 1977), were 7.8 and
15.8 for the two mobile phases, respectively. Ruantifica-
tion was accomplished by an electronic integrator, using
the external standard method. The minimum detectable quan-
tity for both compounds as limited by instrumental noise

and detector sensitivity was found to be S ng.

[Important note. All extracts must be kept at room tempera-

o

ture for I hrs or 40 for 1 hr prior to the analysis. The purpose

of this waiting period is to permit the quantitative conversion

of benomyl to carbendazim in acetonitrile, which is fully
discussed by Zweiqg and Gao (19873).1

All results are reported as benomyl. If carbendazim was
chosen as external standard, the molecular weight conversion
factor of 1.52 was applied.

Estimation of Dermal Exposure To estimate dermal

exposure on the forearm, the following calculations were

made: The concentration of pesticide on the patch was

2

multiplied by 645/28, 28 cm being the exposed surface area

-
<~

of the patch and 645 cm the surface area of the forearm of

221



the SO-percentile man (Fopendorf, 1982). This was further

corrected for individual body surface differing from that

2

of the SO-percentile man, 1.92 m « by estimating individual
body surface from a éody weight-height nomograph (Sendroy
and Cecchini,'1954). Because gloves cover the entire ex-
posed area of the hands, total manual exposure was estim-
ated without transformations. All exposure data were
normalized for an hourly exposure rate.

Recovery Studies for Captan and Benomyl. Control
samples of patches, gloves, and strawberry leaves were
spiked with known amgunts of captan, benomyl, and
carbendazim. For recovery purposes, benomyl was stabilized
by the addition of excess n-butylisocyanate (Chiﬁa, 1977).
Strawberry leaves from a non-treated field were not
available when benomyl-carbendazim recovery studies were
conducted, and, therefore, a dilute agqueous solution of
dioctyl sodium sulfosuccinate served as surrogate for "dis-
lodgeable foliar residue samples”. All spiked samples were
processed by the same procedures as described above under
"Extraction" and analyzed by appropriate instrumental
methods, GLC or HPLC. As shown in Table I, recoveries were
almost quantitative for all compounds studied.

Confirmation of Carbendazim Residues. The identity of
suspected carbendazim residues from field samples was con-
firmed by two independent methods: The solvent extract of a
field sample (left—-handed glove, Subject No. 2) was chroma-

tographed by HFLC and the eluant collected at the previous-

ly determined retention time of carbendazim.The uv-scan of

222



this soclution was identical to the spectrum of authentic
carbendazim w;th characteristic absorption peaks at 286&.1
nm and 280.0 nm and a shoulder at 294.1 nm. Thz uv-spectrum _
of thiz sclution corntaining n-butvlisocyanate (fimal concn. 10¢
ppm) was identical to one of authentic benomyl with absorption
peaks at 292.6 nm and 286.1 nm and the absence of the absorption
maximum at 280 nm, belonging to carbendazim.

A second confirmatory method involved the demonstra-
tion of guantitative conversion of suspected carbendazim to
benomyl following the addition of excess n-butylisocyanate. The
extracts of two representative field sa;ples (gloves belonging to
Subject No. 7) were first analyzed for carbendazim by HPLC and,
after the addition of n-butylisocyanate, for benomyl. The reten-
tion times for carbendazim and converted benomyl from the field
samples were identical with those of reference standards. As
shown in Tahle I, guantitative conversion of carbendazim to

benomyl had taken place, demonstrating that carbendazim was

indeed the compound isolated from field samples.

RESULTS AND DISCUSSION

Dermal Exposure to Benomyl and Captan. The ten
vblunteers for this study (7 male and 3 females) were
experienced strawberry pickers and ranged in age from 19 to
5SS years of age (Table III). Pickers 1 an 2 were most
productive as judged by the number of crates picked per

hour. Each crate consisted of twelve l-pint baskets with a

total net weight of fruit of about S kg.

10
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Fopendorf et al.(1982,a.b) and Everhart and Holt
(1982) have shown that the major dermal exposure of straw-
berry harvesters to captan and benomyl occurred on hands
and lower forearms. Dermal body exposure could, therefore,
be estimated by monitoring only these two anatomical
Fegions, hands and forearms. This assumption may not be
valid for harvesters of other crops, like tree-grown
fruits, where Fopendorf (1980) observed a more uniform
total body exposure. Row crops, like strawberries, are
hand-picked from a stooped or squatting position which
determines the dermal distribution found by Popendor+f
(1982,a.bB) and Everhart and Holt (1982).

Forearm exposure was estimated from the gauce

dosimeter placed in a position where greatest exposure from

contact with plant foliage would most likely be expected,
i.e. the region of the forearm above the wrist. Using the
concept of the SO0-percentile man and the proportional

surface allocation for each anatomical region, an estimate

to that particular region (forearm) was made, notwithstanding the

possibility of non-uniform pesticide distribution, leading to

possible error in the final estimate.
Table IllI shows that dermal exposure by the ten
subjects studied ranged from 1.2 mg/hr to 15.5 mg/hr for

benomyl and 13.2 mg/hr to S1.3 mg/hr for captan.

Corresponding means were calculated to be 5.39 mg/hr/person

(86.4%) and 39.01 mg/hr/person (38.0%), respectively, with
the percent relative standard deviations in parentheses.

Subject No. 1 exhibited an inexplicably high left-handed

11
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captan exposure (see Table IV). However, using Grubbs®
procedure (1969), this value could be excluded as an out-
lier and substituted with the experimental value for the
right-handed exposure. Further justification for this
adjustment were the equal exposure of benomyl to both hands
(Table V) and similar ratios for left- and right forearm
exposures for captan (3.2) and benomyl (3.9).

The higher dermal captan exposure compared to benomyl
exposure was probably due to the higher rate of captan
application (4 1lbs/A and 1 1b/A, respectively), with both
pesticides being applied.at the same time. This explanation
is further supported by the finding of much higher dislod-
geable residue levels for captan than those found for
benomyl (Table VI).

Benomyl exposures at 4-days®™ post-application found in this
study were similar to those reported by Everhart and Holt (1982).
They found an average dermal exposure of 5.9 mg/hr/person among
three strawberry pickers who worked in the field 24 hrs after the
last application of benomyl. Benomyl was at the same rate as
that reported for this study (1 1b/A). According to Eaude, et
al. (1973), foliar benomyl residues appear to be stable over
several days after application, e.g. apple léaves were found to
retain ?1%Z of the originally applied benomyl 7 days after the
last application.

Dislodgeable Foliar Residues. Table VI shows the

results from the analysis of dislodgeable foliar residues

of captan and benomyl sampled the same day as the study.

[
8]



The ratio of average dislodgeable residues of captan and

benomyl is &6.1. The corresponding ratio for dermal exposure

is 7.2 (see Table IIl). These two ratios are similar, suggesting
that dislodgeable foliar residues of several pesticides are
transferred from foliage in the same proportion to the exposed
skin surface of field workers. Popendorf and Leffingwell (1982)
and Fopendorf et al. (1982,a,b) have already shown that a
positive correlation between dislodgeable foliar residues and
dermal concentrations of pesticides exists.

Using the data from Tables III and VI, transfer coef-
ficients(kd) ;or gaptqn and benomzl Wﬁre be calculated and found
to be 8.57x10 cm-/hr and 7.19x10u cm‘/hr, respectively. Uw%"is
defined as the ratio of dermal concentration to dislodgeable
foliar residue and assumes the units of area over time). The
transfer coefficients from this study are similar to those

reported by Fopendorf and Leffingwell (1982c) for citrus and

peach harvesters exposed to organophosphorus insecticides.

2

Converting the kd’s to minutes (143 and 120 cm /min), it would
appear that strawberry harvesters are contacting a small foliar
surface thereby receiving maximum pesticide exposure. This
reason—-ing is based on the unlikely situation that foliar pesti-
éide residues are transfered quantitatively to skin.

In prior studies by this laboratory (Popendorf, et al.,
1982a,b), surface captan residues of about 1 ppm were found on
strawberries, and these residues may, therefore, be a
contributory factor of dermal exposure, especially to hands of

fruit harvesters. The relative contribution to dermal exposure

from foliar dislodgeable residues and surface residues from fruit

15
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remains.to be the subject of a future study.

Comparison of Left- and Right Handed Exposure. Since
left- and right-handed gloves were individually analyzed,
it was possible, therefore, to compare dermal pesticide
exposure of each worker on his left and right hand. At
least eight out of these ten workers professed to be right-
handed, and the remaining two workers did not express a
preference. As may be seen in Tables IV and V, it appears
that Subject S exhibits right-handed preference as shown by
the data for both captan and benomyl. In addition, Subjects
3« & 4 and 10 also showed right-handed preference, based on
the data from one of the pesticides. The remaining subjects
appear to be ambidextrous in picking strawberries as mani+f-
ested by hand exposure data. These findings suggest that
analyses of chemical exposure on the left and right hand

might be a suitable method for conducting time—-motion stud-

ies of farm workers harvesting row crops.

Froductivity and Exposure. A positive correlation was
found between productivity, expressed as crates harvested
per hour, and dermal exposure of benomyl per hour (fig.1)
(r = 0.8123 p = 0.0043) which might explain why workers
with the greatest productivity (Subjects 1 and 2) receive
the highest benomyl exposure (Table III). The worker who
picks a large amount of fruit may be subject to more skin

contact with fruit and foliage bearing dislodgeable

pesticide residues than the worker who is less productive.
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A similar correlation between productivity and dermal
exposure to captan was not found.
REMARKS

The toxicological consequence of dermal e:xposure to
pesticides by crop harvesters remains uncertain until
percutaneous absorption rates for these pesticides have
been determined. Although there are few compounds which
are quantitatively absorbed through the skin, a conserva-
tive estimate of body dose may be made by assuming 100%-
absorption of the dermal dose. In the absence of the
experimentally derived data, this hypothetical dosé may
serve as a first basis for estimating potential toxicological
hazard to crop harvesters.

Another uncertainty, as illustrated by the present
study, is the estimation of daily exposure based on a rela-
tively short observation period (less than two hours). It
has been observed in this and previous studies (Popendort, et
al., 1982 a.b) that gloves became quickly saturated with fruit
juice and dew, especially in the early morning hours when most of
our observations were made. It seems reasonable to assume that
once gloves have become moisture-laden, the absorptive capacity
of the cotton cloth might be impeded. The techniques for measur-—
ing average dermal exposure during a workday may, therefore, not
represent actual dermal exposure. This concern has prompted the
initiation of a series of studies by this laboratory investigat-
ing, comparing, and improving presently used techniques for mea-

suring dermal exposure to pesticides (Noel, et al., 1983),

15
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Figure 1! Linear regression curve of "productivity” vs. total

dermal dose of benomyl for ten strawberry harvesters.
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Table I

Summary of Recovery Studies for Carbendazim, Benomyl, and

Captan
Sample Compound Added Found Fer cent Recovery
w.g
. a -
Gauze pad (60 mL) carbendazim St.0 49.5 7.0
Gloves (100 mlL) carbendazim 102.0 ?7.5 95.6
Gloves (100 mL) carbendazim 204.0 194.3 ?S.3
DDSSSb (100 mbL) carbendazim 160.0 152.9 ?S.6
DOSSS (100 mbL) carbendazim 160.0 1S3.3 9S5.8
DOSSS (100 mL) carbendazim 160.0 151.7 %4.8
Gauze pad (350 mL) benomylC 127.5 126.6 9.2
Gauze pad (SO mL) benomyl 127.5 125.0 8.0
Gauze pad (SO mL) benomyl 285.0 282.2 98.9
Gauze pad (S50 mL) benomyl 255.0 250.0 98.0
Gauze pad (60 mL) captan 27.5 30.2 103.3
Gloves (100 mL) captan 27.5 31.6 108.4
Leaf disks #1 captan S.S 9.3 9S.6
Leaf disks #2 captan 2.8 2.7 96.4
a
volume of extract
b

aqueous solution of 0.06 ppm dioctyl sodium sulfosuccinate
c

To a standard solution of benomyl in acetonitrile (S0.0 mg/100 mL)

-t

was added n-butylisocyanate to a final concentration of 10 ppm.

2C



234

Table I1I

Confirmation of Carbendazim and Benomyl Residues

Sample Qecggugéaima Egngmxlb Fer cent
Recovery
Found Theory Eound
ng ng
Left glove (Sub.No. 7) 11%.2 © 1s8.9  162.7 102.6
Right glove (Sub.No. 7) 137.1 189.4 189.0 100.0

a
Sample extracted with 60 mL of acetonitriles diluted 1:5 with

solvents 28-ulL aliquots analyzed in duplicate by HPLC.

b 4

To 20.0 mL of diluted extract, 0.2 mL of 10 ppm solution of n-
butvlisocyanate was added; 285-ul. aliquots analvzed by HPLC 1in

duplicates.

2
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Hand- and Lower Arm Dermal Exposure by Strawberry Harvesters

Ag

e

AN 54— N—4

Subject No. Se:
1 M
2 M
3 M
4 M
S F
6 M
7 M
8 M
9 F

10 F

- —— - . T —— ——————— S o S — S — S S — i M " S o i S T — A T W " o T—— P~ o >

22

30

23

51

20

(crates/hr) (mg/hr)
Captan Benomyl
7.36 52 15.5
a
(180.9)
7.36 37.4 12.1
5.45 35.0 4.2
5.38 49.8 2.8
3.00 13.2 1.2
3.40 25.0 1.9
4.00 S1.3 4.2
3.25 62.1 4.9
4.65 28.9 2.7
2.96 IS.1 4.4
Mean 39.01 S.3%9
rel.std.dev. 38.0%4) (86.4%)
Captan/Benlate = 7.23

experimental figure has been deleted as an outlier according to

the procedure of Grubbs (196%9) and substituted by an estimate of

S2 mg/hr.

See also footnote,

Table 1IV.

22



Left and Right Hand and Forearm Exposure to

This figure

outlying

erposure.,

Ta

ble IV

by Strawberry Harvesters

Worker No.

Fore
left
1 15.22
2 13.81
3 3.05
4 0.31
5 0.50
& 0.48
7 4.13
8 1.75
9 0.95
10 0.95

observations and is

replaced

236

Captan

16.14

(144.79)

27.32
8.67

16.67

by wvalue

assuming ambidexterity of Worker No. 1.

232

16.14

10.00

25.94

25.62

AT 20
el B o Nt

Z0.81

19.06

for

'is deleted according to procedure by Grubbs (196%9) for

right-hand
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Table V

Left and Right Hand and Forearm Exposure to Eenomyl

by Strawberry Harvesters

Worker No. Dermal Exposure (mg/hr/person)
Forearm Hands

left right lett right

1 1.25 0.32 6.93  6.96
2 1.16 0.3 5.30 5.23
3 0.42 0.18 1.66 1.94
4 0.0 0.06 1.36 1.38
S 0.0 .21 0.20 0.67
& 0.07 0.04 0.8 0.97
7 0.28 0.29 1.65  2.00
8 0.19 0.17 2.04 2.4¢6
9 0.07 0.04 0.88 1.67
10 0.09 0.21 1.13 2.94
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Table VI

Dislodgeable Foliar Residues From Strawberry Flants

Sample No. Captan Benomyl
2 pes
ug/cm ug/mg dust vg/cm pg/mg dust
1 4.21 10.4 0.72 1.79
2 4.89 13.9 0.78 2.19
Mean 4.55 12.2 0.75 1.99

——————— —— — —— Y —— —— —— T —— ——_ A ———— —— ——— A — —— ——— —— T— —— ———— " —— —— — — —— ——— — ——— -
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The Relationship between Dermal Pesticide
Exposure by Fruit Harvesters and Dislodgeable
Foliar Residues 1981-1983
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THE RELATIORSHIP BETWEEN DERMAL PESTICIDE EXPOSURE BY
FRUIT HARVESTERS AND DISLODGEAERLE FOLIAR RESTIUES

Key Words: Pesticides, captan, vinclozolin, methiocarb,
carbaryl, Dermal Exposure, Strawberry Harvesters,
Blueberry Harvesters, Dislodgeable Foliar Residues

Gunter 2weigl, J. T. Leffingwell, and Wm, Popendorf2

Sanitary Engineering and Environmental Bealth Laboratory
University of California, Berkeley
Richmond, CA 94804

ABSTRACT
Dermal pesticide exposure rates, expressed in mg/hr, by
strawberry and blueberry harvesters and dislodgeable foliar pest-
icide residues were determined in 7 separate field experiments
during 1981 - 1983 in California and Oregon. The pesticides
which were studied included captan, vinclozolin, carbaryl, and
methiocarb. A positive correlation between these two parameters

was found and compared with literature values involving different

lotfice of Pesticide Programs, EPA, Washington, D.C. 10460
2Inst. of Agricultural Medicine, University of Iowa, Iowa City IA



pesticides and tree crops. The ratio between dermal exposure
rate and dislodgeable foliar residues, the units of which are
area/time, may have a possible use as an empirical factor for a
first approximation of dermal exposure rates by fruit harvesters

without the involvement of human subjects.

In a recent publication, Popendorf and Leffingwell (1982)
proposed a technique for the estimation of reentry intervals for
harvesters of citrus and peach crops exposed to 'cholinergic
organophosphorus insecticides. Their technique was based on
dermal toxicity and decay of the foliar dislodgeable residues of
parent pesticide and toxic metabolites. Nigg, et al., (1984)
also have suggested the use of an empirical factor and foliar
residue levels to estimate total body exposure by citrus workers.

This concept has now been extended to study workers harvest-
ing row and bush crops (strawberries and blueberries, respec-
tively). From the results of these recent field experiments, we
are proposing to estimate dermal pesticide exposure of crop
harvesters by using a similar empirical factor experimentally
obtained from dermal exposure rates and dislodgeable foliar resi-
dues on different crops for various pesticides.

MATERIALS AND METHODS
Eield Studies — Overview

Field studies on total dermal exposure were first conducted

with strawberry harvesters exposed to the fungicide captan
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(N-trichloromethylthio-4-cyclchexene-1,2-dicarboximide). ILater
experiments involved strawberry harvesters exposed simultaneously
to the fungicide vinclozolin [3-(3,5-dichlorophenyl)-5-ethenyl-5-
methyl-2,4~-oxazolidinedione] and the insecticide carbaryl (1-
naphthyl-N-methylcarbamate) and blueberry harvesters exposed to
methiocarb [4-(methylthio)-3,5-xylyl-methylcarbamate] used as a
bird repellent. Some of the latter studies were simplified by
limiting the number of personal monitoring sites without sacri-
ficing the accuracy for the estimation of total dermal exposure.

The studies reported here took place during the harvesting
seasons of 1981 - 1983 at several locations in California and
Oregon. Details on sites, study dates, pesticides applied,
dosage, crops, and meteorological information may be found in
TABLE 1.

The experimental plan was to recruit for each study at least
twenty fruit harvesters to include males, females, adults and
children (10 - 11 years old) to be monitored for dermal exposure
to pesticides during regular working ours and under normal
working conditions, resulting in minimal interference in their
assigned duties. Due to the sparser harvest of strawberries in
August, there were fewer subjects for Studies 4 and 5 (see
TABLE 1).

Dermal Exposure

Monitoring devices for dermal exposure consisted of 12 -
Ply, 3 x 3 in. surgical gauze pads. A polyethylene moisture
barrier was placed on the side of the pad facing the skin of the
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TABLE 1
Summary of Field Studies

S;‘:.’z Date Crop Compound D‘;i;%‘:) %%ﬁcmpl. N%oo :ki i _.b_gent.h%ptL
1 5/9/81 Strawberries Captan 2.5 13 19 23 0
2 6/22/81 Strawberries Captan 2.8 26 23 16-19 ~4mm
3 7/21/81 Strawberries Captan 2,2 4 15 12-24 0
4 8/21/81 Strawberries Captan 2.2 3 6 18-21 0
5 8/21/81 Strawberries Captan 1.1 48 10 18-21 0
6 6/22 - 24/81 Strawberries Carbaryl 1.1 15,1617 18 12-32 0
6a 6/22 - 24/81 Strawberries Vinclozolin 1.1 31,32,33 18 12-32 0
7 7/24 - 28/83 Blueberries Methiocarb 1.65 3,4,6 25 18-21 e

@ 1 = Cooperative farm near Salinas,CA

2 = Private farm near Corvallis, OR

3-5 = Cooperative farms near Salinas, OR

6 = Private farm near Corvallis, OR

7 = Private farm near Salem, OR
bDosage of active ingredient (a.i)
C pays after last treatment.
d Observations were made on each day.
€ Heavy rainfall on Day-5, post-application.

pve



subject. The container of the monitor is a hand-folded glossy
envelope with a circular hole 60 mm in diam. on the side facing
away from the skin, thus exposing 28 cm? of the gauze pad.

Patch monitors are placed at various body sites, the head
(fastened to a head band or brim of a cap); chest, back, upper
arms (stapled to a tightly fitting cotton T-shirt); lower arms
and lowver legs (fastened to skin with surgical tape). Light-
weight cotton gloves, similar to those worn in photographic
darkrooms and electronic assembly plants serve as hand monitors.

The subjects were not required to wear special clothing;
their garments usually consisted of denim jeans and long-sleeved
cotton shirts. On hot days, male workers might remove their
shirts but continued to wear the specially supplied T-shirts
outfitted with monitoring patches. The cotton gloves did not
seem to impede the work efficiency of the harvesters and offered
no unusual discomfort. Dermal monitors were worn throughout the
workday with the exception of gloves, which were removed earlier
in Studies 6 and 6a because they became saturated with moisture
and fruit juice. The exact time of monitoring body or hand
monitors was recorded for each subject.

Dislodgeable Foliar Residues

Foliar samples consisted of 3 cm diam. leaf disks collected
with a mechanical punch first described by Smith and Little
(1954). The device is fashioned from a parallel-action paper
punch modified by the installation of a 3 cm diameter metal punch
and die. Each stroke of the punch cuts a leaf disk and pushes it
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into a 4 oz wide-mouth glass jar which is directly attached to
the punch and at the same time serves as convenient sample
Storage container. A resettable counter activated by each stroke
of the device records the number of leaf disks collected.

Samples were collected from plants on a random diagonal line
across the study fields in which the subjects were harvesting
fruit. For each 48-leaf disk sample, foliage was randomly col-
lected from the outer and inner canopy of the plants.

Soil Samples

Soil samples were taken in a similar pattern as that
described for leaf disks, by sampling along diagonal lines
across the plot of land which was being studied. Samples were
taken every 8 to 10 rows until six replicates had been collected.
The soil sampling device consisted of a 10 x 8 x 8 cm metal frame
which, when pressed into the soil, outlined an 80 cm2 area. A
flat, rectangular shaped metal shovel with a 1-cm high rim that
just fitted inside the metal form, was then inserted into the
soil, pushed forward until a soil surface layer of the same area
could be scooped up.

Preparation of Samples and Analysis

All samples taken in the field were kept frozen over dry-ice
or in a deep—-freeze until they could be extracted prior to ana-
lysis. Dermal monitors and gloves were extracted with 30 and
100 mL of a suitable solvent, respectively, (e.g. toluene,
methanol, or acetonitrile) by agitation on a reciprocal shaker.
If the final analysis was to be performed by high performance
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liquid chromatography (HPLC), toluene could not be used as an
extracting solvent due to interference with the UV detector.
These solutions had to be filtered through Durapore (0.45 gm)
filters.

Dislodgeable foliar residues were washed from the leaf disks
with a 60 ppb agueous solution of dioctyl sodium sulfosuccinate
(SURTEN) and subsequently extracted into dichloromethane via
ligquid-liquid extraction (Gunther, et al., 1973; Iwata, et al.,
1977). With a rotary evaporator, the dichloromethane was con-
verted to the solvent of choice for chramatography (toluene for
gas chromatography and acetonitrile for BPLC). Results are
expressed in weight (mg or ng) per area. The area is one side of
the 3 cm diam. disk, namely 7.1 cm2.

Soil samples were sifted through a $#10 sieve to remove
gravel and plant debris and dried in vacuo at room temperature
overnight., The sample was weighed and then exhaustively extrac-
ted in a Soxhlet apparatus for 4 hrs with an azeotropic mixture
of acetone-hexane (59:41, v/v). As with the dichloromethane
above, the acetone-hexane was converted to the solvent suitable
for the particular analytical technique. Results are reported as
ppm of pesticide in air-dried (less than 0.5% moisture) soil.
Analysis of Pesticide Residues

Captan residues were analyzed by GC on a packed column

TRACDR 222 GC under the following operating conditions:
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Carrijer Gas: 5% Argon in methane

Carrier Flow: 65 mL/min.

Inlet Temperature: 220°cC,

Column: O0.9 m x 2 mm ID Pyrex packed with 10% OV-1

silicone coated on 80/100 mesh SUPELCOFORT

Colum Temperature: 210°C.

Detector: 63Ni electron capture

Makeup Gas: Argon-methane, 35 mL/min.

Detector Temperature: 275°C.
Under these conditions, captan eluted at 1.27 min. Quantifi-
cation was performed automatically by area-integration (E-P
3390A) and expressed as micro- or milligrams/sample. Recoveries
of added captan ranged from 96 to 103% (Zweig, 1983).

Vinclozolin residues have been analyzed previously by HPLC
(Cabras, et al., 1982, 1983). An improved capillary GC method
was developed for the analysis of vinclozolin, the two isomers of
endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-
methano-2,4,3-benzodioxathiepin-3-oxide) and endosulfan sulfate
and was employed for the analyses of vinclozolin field samples
generated in Study 6b. The instrument used was a Bewlett-Packard
5880A equipped with an B-P 7672 Automatic Sampler and Level Four
Computer and Terminal (autamatic integrator). The column was a
12.5 m WOOT silica capillary column (0.2 mm, i.d.) coated with
OV-1 silicone and deactivated with siloxane. The splitless in-
jection mode and a 63Ni electron capture detector (ECD) were

employed. Experimental conditions for the complete resolution of
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a mixture of vinclozolin, endosulfan I and I1I, and endosulfan
sulfate were the following.

Carrier gas (Be); flow @ 15 pei; -4 mL/min.

Septum Flush; 3 mL/min.

Split Vent; 55 mlL/min,

Make-up gas (5% methane in argon); 20 mL/min, at the

detector.
Temperature program: Time/rise Temperature (°C)
1 min. 62
309/min. 62 - 250
1 min, 250
30°/min. 250 -~ 260
5 min. 260

Under these conditions, vinclozolin had a retention time of
6.53 min, (see FIGURE 1).

One microliter aliquots of standard and sample solutions
were automatically injected. All samples were run in triplicate.
Results were accepted when the relative standard deviation (RSD)
was <5% for standards and <10% for field and laboratory samples.
Standard solutions ranged from 8.7 ng/mL to 870.8 ng/mL. Over
this 100-fold range, the ECD response was found to be linear.
Whenever the concentration of unknown was outside this range, the
sample was concentrated in yacuo or diluted with appropriate
volumes of acetonitrile. The practical limit of detection was
4.3 - 8.7 ng/mL.
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6.53 min

START

MINUTES

FIGURE 1

Capillary Gas Chromatography of Vinclozolin Standard (expe-
rimental details in text).
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Recovery studies of vinclozolin for gloves, patches, and
SURTEN solutions (simulated dislodgeable residue extracts) ranged
from 70% to over 100% of added vinclozolin.

Carbaryl and methiocarb residues were analyzed by reverse-
phase HPLC using a Waters 6000A Solvent Delivery System, WISP
Automatic Sample Processor, Waters Data Module and Automatic
Integrator, and a Model 4530 Variable Wave Length Detector. A
pBondapak C-18 reverse-phase column (25 cm x 2 mm i.d.) was
capable of separating each of these compounds without appreciable
interference from extraneous materials originating in the field.
The mobile phase was a mixture of acetonitrile and water, and the

optimum chromatographic conditions for each compound are listed

in TABLE 2.
Calculation of Dermal Dose
Calculation of dose rate per person is made by the following
equation:
na/m (ng Pesticides) x [Surface Area of Body Part (cm?)]
r =

[Patch Area (an?)] x Br x 1000
where "Hr" is hours monitored, and "pg Pesticide” is obtained
from chemical analyses., Surface area of body parts is calculated
according to Popendorf and Leffingwell (1982) using the 50-
percentile man and adjusting the individual total body surface
from a nomograph linking body weight and height with body surface
(Sendroy and Cecchini, 1954). "Patch area" is 28 cn? as ex-
plained above. Band exposure rates are obtained from pesticide

concentrations on gloves, normalized for "hours worn," because

11
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TABLE 2

Conditions for HPLC Analysis of Several Pesticides

(nBONDAPAK C-18 Reverse-Phase Column)

Pesticide Aoe‘f':hou:lefr:tue: So%nv::};i :‘;w Detz-ﬁ)ion Ret(:minT)ime % Recovery
Benomy12 50350 1.5 286 15.8 98.0 - 99.3P
Carbendazim 50350 1.5 286 3.5 87.0 - 100.4P
Carbaryl 40:60 2.0 230 4.6 85.3 - 106.7°
1-Naphthol 40:60 2.0 230 5.1 98.9 - 106.5€
Methiocarb 65335 0.8 265 6.3 88.2 - 109.1

8benomyl in acetonitrile is stabilized by the addition of 1000:1 (w/w) l-butylisocyanate

(Chiba, 1977).
bsweig and Gao, 1983,
Czweig, et al., 1985.

¢l
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gloves, unlike patches, cover the entire exposure surface area.
RESULTS AND DISCQUSSION

Demmal Exposure to Captan

As may be seen in TABLE 3, the exposure rates of strawberry
harvesters in Studies 1 - 5, ranged from 4.70 mg/hr to 17.41
mg/hr or, normalized to body weight, 0.082 mg/kg/hr to 0.31
mg/kg/hr. These results compare favorably with those obtained in
previous studies on dermal exposure by strawberry harvesters
(Zweig, et al., 1983; Winterlin, et al., 1984). Dermal expo-
sure rates of four subjects who were engaged in weeding (Study 3)
were much higher than for harvesters in any of the studies. We
observed that the four weeders were stirring up a considerable

amount of dust during their work activities indicating that dust

TAELE 3

Mean Dermal Captan Exposure
by Strawberry Barvesters and Weeders

Expt .No. Days Subjects Dermal Exposure

Post Appl. Occup. Nos. mg/hr mg/kg b.w./hr
1 13 Pickers 20 6.50(5.08) 0.108(0.079)
2 26 Pickers 23 4.70(4.11) 0.082(0.077)
3 4 Pickers 15 17.41(14.53) 0.310(0.200)
3 4 Weeders 4 94.13(118.4) 1.784(2.177)
4 3 Pickers 6 16.37(3.78) 0.411(0.118)
5 48 Pickers 10 5.88(3.70) 0.104(0.072)
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rather than foliar contact and transfer was the source of their
dermal exposure. This assumption is based on th'e finding that
s0il samples at or near the weeding site contained 6.29 ppm

extractable captan residues,

JARLE 4

Decay of Captan Soil Residues in Strawberry Fields
(Studies 1 and 3)

Days Since Last Application? Date Captan Residues
(1981) prm
2 April 28 3.47
2 April 28 1.58
8 May 4 3.40
9 May 5 0
13 May 9P 8.63
13 May 9 2.89
4 July 21€ 6.29
10 July 27 3.77

3pesticide treatment, captan 2.2 - 2.5 kg active ingredient

(a.i.)/ha on April 15 - 18, April 23, April 26, May 10, May 17; 1.7

kg/ha on May 31; 2.2 kg/ha on June 7 and July 17.
b'CStudy dates for Studies 1 and 3, respectively.

As may be seen in TABLE 4, captan soil residues appear to be
stable for at least 13 days post application. The literature on
the decline of captan in soils of various types is in conflict.
Munnecke (1958) claimed that fungicidal activity of captan in

14
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soil remained almost unchanged for 65 days. Kluge (1969)
confirmed this finding by demonstrating that the biological acti-
vity of captan did not decrease appreciably during the first six
weeks in two different soils at pH 7.4 and 5.1. On the other
hand, Griffith and Mathews (1969), using bioassays, showed a
rapid decline of captan within four days after it had been mixed
with the soil. On glass beads, the fungicidal activity was
almost quantitatively retained after 21 days. These results
suggest that microbiological degradation in soil plays a major
role in the dissipation of this compound, and that different
soils may harbor different microbiological populations.

The agricultural practice of strawberry picking is a hand
operation in which the harvester sguats, kneels, and sometimes
sits between the rows of strawberry plants. When berries are
picked for the fresh fruit market, the picker will grab the fruit
at the stem about 2 cm from the calix and twist the fruit off the
stem with a fast wrist action. The experienced picker can
perform this operation equally well with both hands.

When fruit is picked for canning or processing, it is
handled in a different manner. The harvester will pick the fruit
with one hand and pluck the stem off the berry with the other.
Strawberries harvested in Oregon (Field Study 2) were picked
mostly for canning, while in California during the early season
(Field Studies 1 and 3), for the fresh fruit market. Due to
these work practices, it is possible that the harvesters receive

varying concentrations of pesticides on different parts of the
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IARLE 5

Anatomical Distribution of Dermal Exposure
to Captan by Strawberry Barvesters

Body Part Percent of Total Dermal Exposure®
Study 1 2 3 4 5 Average
Head+Neck 0.65 2.92 1.90 0.32 3.66 1.89

Back+Shoulders 1.37 3.36 2.8 0.39 3.26 2.24
Chest+Stamach 1.17 1.15 1.78 0.25 3.68 1,61

Lower Legs 3.30 6.96 10.33 0.95 1.93 4.69
Upper Arms 0.59 4.82 2.46 0.24 1.47 1.92
Lower arms 7.20 13.28 21.17 10.18 9.93 12.35
Hands 85.73 67.52 59.55 87.69 76.07 75.31

3Weighted average.

body. The distribution of whole-body dose rates found in the
first five studies in which the major anatamical regions of the
subjects were monitored, may be seen in TABLE 5. Barvesters
consistently had the highest exposure on hands (60 - 86%), lower
arms (7 - 21%), and lower legs (1 - 10%), compared to other parts
of the body. A possible explanation for captan residues found on
the lower legs of the workers is that dew during the early
morning hours caused the lower pants legs to become water soaked
and contaminated with dislodgeable pesticide residues. When the
fields are dry, dust may also move up the pants' legs and deposit
on the skin.

The dermal distribution of captan among the four weeders as

16
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shown in TABLE 6, demonstrated a different, but not totally
unexpected distribution pattern of captan exposure. The highest
dermal exposures were not found on hands, but on the chest, head
and neck, and lower arms. The variability of the anatomical
distribution, however, was too large to make the type of general-
ization that was made in the case of strawberry harvesters.

IABLE 6

Anataunical Distribution of Dermal Exposure
to Captan by Weeders

Body Part Percent of Total Dermal Exposure®
Subject 1 2 3 4
Head+Neck 1.53 78.80 35.07 2.65
Back+Shoulders 3.32 0.13 0.18 1.62
Chest+Stamach 56.38 4.18 2.74 84.89
Lower Legs 10.97 0.97 0.10 6.51
Upper Arms 9.43 7.69 2,09 0.47
Lower arms 3,57 0.54 58.99 1.21
Hands 14.79 7.67 0.8 2.65
apverage.
Dermal Exposure to Carbaryl

On the basis of the results from Studies 1 - 5, it was
- decided that in subsequent experiments with strawberry
harvesters, the study should be limited to three anatomical
regions for the estimation of total body exposure of harvesters,

namely hands, lower arms, and lower legs.
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A summary of the simultaneous exposure to carbaryl and
vinclozolin may be found in TABLE 7. Detailed results on
carbaryl exposure are reported elsevhere (Zweig, et al., 1984,
1985). Because dermal exposure on lower legs was found to be
less than 4% of total exposure, with the exception of one worker
out of 18, our following conclusions were based solely on hand
and lower arm exposures. Exposure rates on the first day of the
study were greater than on the next two days. It was observed
that morning dew and relative humidity on Day-1 were considerably
higher than on either of the other two days of the study. Pesti-
cide exposures on Days-1 and -3 in the morning were also found to
be higher than in the afternoon. It was concluded that high
humidity may have a positive effect on pesticide transfer fronm
foliage or adherence to the cloth monitors. Two recent investi-
gations have been suggestive that dermal exposure obtained from
cotton gloves may yield higher values than would be obtained from
hand rinses (Noel, et al., 1983; Davis, et al., 1983). Both
monitoring methods, however, have their limitations as discussed
by Popendorf (1985); a comparison of rinse and glove monitors
with "true®” values must await further research for validation.
Examining TABLES 3 and 7, it is seen that carbaryl dermal expo-
sure rates are lower than, but of the same order of magnitude as
those found for captan.

Dermal Exposure to Vinclozolin

TABLE 8 also has a summary of exposure rates for vinclozolin

for six observation periods in Field Study 6b. Lower leg

18
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JARLE 7

Mean Dermal Exposure by Strawberry Harvesters

to Carbaryl
Day of Study Time of Day Body Part Dermal Exposure
(mg/hr)
1 AM Hands 3.01(1.70)
1 PM Hands 1.42(0.80)
1 All Day Lower Arms 0.66(0.41)
1 All Day Bands+Arms 2.65(1.14)
2 AM Hands 1.23(0.62)
2 ™ Hands 1.12(0.73)
2 All Day Lower Arms 0.41(0.27)
2 All Day Hands+Arms 1.55(0.61)
3 AM Bands 1.47(0.82)
3 PM Hands 1.09(0.71)
3 All Day Lower Arms 0.43(0.30)
3 All Day Hands+Arms 1.45 (0.69)
Means AM Hands 1.90(1.38)
Means M Bands 1.09(0.71)
Means All Day Lower Arms 0.50(0.35)
Means All Day Bands+Arms 1.89(1.00)

qmata fram Zweig, et al.,

(1984, 1985).
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exposure concentrations were, again, mostly nondetectable and
could be considered to contribute insignificantly to total dermal
exposure to vinclozolin. Only one subject exhibited a lower leg
exposure rate of about 10% of the total, and then only on Day-1.
Judging from these results, it appears that hand exposure is the
major target of dermal exposure among strawberry harvesters. The
mean hand exposure rate, 0.251 mg/hr, may be compared with
0.027 mg/hr for lower arms. This observation is consistent with
results on strawberry harvesters exposed to captan and carbaryl.

Quantitatively, however, it appears that vinclozolin expo~
sure was considerably lower for the same group of workers than
corresponding carbaryl exposures (0.28 mg/hr ys 1.89 ng/hr,
respectively). A probable explanation for this finding may be
the fact that vinclozolin had been applied 14 days earlier than
carbaryl, and that lower dislodgeable vinclozolin residues were
found (see TABLE 11).

Hand exposure rates for vinclozolin in the morning observa-
tion periods were shown to be greater than those found in the
afternoon (2 = 2.157; N = 54; p < 0.016; large N, unequal vari-
ances). Similar results were reported in the carbaryl study
(Zweig, et al., 1984) and are probably related to to the presence
of dew on foliage during the early morning hours, which caused
glove monitors to become quickly saturated with water. These
findings are in contrast to the transfer of dislodgeable residues
on tree crops, as discussed by Popendorf and Leffingwell (1982).

20
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IRRLE B

Mean Dermal Exposure by Strawberry Harvesters

to Vinclozolin

Day of Study Time of Day Body Part Dermal Exposure
(ma/hr)
1 AM Hands 0.29(0.17)
1 P Bands 0.21(0.12)
1 All Day Lower Arme 0.03(0.04)
1 All Day Bands+Arms 0.27(0.16)
2 AM Bands 0.34(0.23)
2 ™ Bands 0.25(0.20)
2 All Day Lower Arms 0.04(0.04)
2 All Day Hands+Arms 0.33(0.20)
3 AM Bands 0.34(0.66)
3 PM Bands 0.13(0.09)
3 All Day Lover Amms 0.02(0.01)
3 All Day Bands+Arms 0.23 (0.27
Means AM Bands 0.32(0.41)
Means 7 Bands 0.20(0.15)
Means All Day Lower Arms 0.03(0.03)
Means All Day Bands+Arms 0.28(0.21)

2t
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By the use of Duncan's Multiple Range Test, it can be demon-
strated that mean dermal exposure rates for all 18 workers were
not significantly different on any of the three days of the
study. The exceptions to this finding were the afternocon expo-
Bure rates for hands, which were significantly lower on the third
dixy than on either of the other two days.

Dermal Exposure to Methiocarb

As is seen in TABLE 9, anatomical distribution of methiocarb
exposure by blueberry pickers is quite different than was
observed for strawberry harvesters, namely that body parts other
than hands and lower arms showed considerable amounts of pesti-
cide residues. The blueberries cultivated on the farm chosen for
Study 7 is a variety that grows on bushes four to six feet high,
and the chance of total body contact by harvesters with foliage
and concomitant pesticide residues was much greater than that
experienced during harvesting strawberries growing close to the
ground. Band exposure on Day-4 post application was signifi-
cantly higher than on Day-5; a heavy rainfall on the later day
presumably washed significant amounts of pesticide residues from
the foliage and possibly from the body and glove monitors, which
had become soaked. The overall total exposure rate for methio-
carb was comparable with that observed among strawberry harves-
ters exposed to carbaryl.

Dislodgeable Foliar Residues

Dislodgeable foliar residues of pesticides may consist of

pesticide residues absorbed or adsorbed onto foliage or dust

.22
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IARLE 9

Anatamical Distribution of Dermal Exposure
to Methiocarb by Blueberry Harvesters -

-Days Post Application 4 5
Body Part mg/hr %m—__t—
N=12 N=6

Bead+Neck 0.28(0.19) 7.4  0.13(0.05) 6.2
Back+Shoulders 0.13(0.05) 3.4  0.19(0.09) 8.8
Chest+Stamach 0.23(0.09) 6.0  0.23(0.07) 10.6
Lower Legs 0.23(0.10) 6.0  0.34(0.08) 15.9
Upper Arms 0.22(0.13) 5.8  0.20(0.07) 9.7
Lower arms 0.64(0.49) 16.8  0.74(0.72) 34.6
Bands 2.05(1.29) 53.9  0.31(0.09) 14.3
Total 3.80(1.96) —  2.14(0.85) —

particles which are residing on the leaf surface.
these residues may be transferred to the skin or clothing of
field workers either by direct contact with foliage or by fall-
out of dust aerosols resuspended by work activities. An earlier
study by Zweig, et al., (1983) demonstrated that the ratio of two
pesticides, captan and benomyl, present as a dislodgeable resi-
due, was similar to the ratio found on gloves and patch monitors
worn by strawberry harvesters. This was taken as evidence that

the dislodgeable foliar residue was being transferred from leaf

surfaces to the workers either partially or entirely.

Fractions of
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In order to determine the dislodgeable residues on the
day(s) when field workers were monitored for dermal exposure, it
was important to study the decline of the foliar residues for
several day or even weeks prior to the beginning of a study.
FIGURES 2, 3 and 4 depict the decline of dislodgeable residues of
captan and vinclozolin on strawberry foliage and methiocarb on
blueberry foliage. All plots are semi-log and fall on straight
lines, indicating first-order kinetics for the decay of these
pesticides. Similar conclusions have been propounded for dis-
lodgeable foliar residue declines of carbaryl on strawberry
leaves (Zweig, et al., 1984, 1985). Prom the slopes of these
plots, the half-lives of these compounds existing as dislodgeable
residues can be calculated (TABLE 10).

IARLE 10

Half-Lives of Same Pesticides Present
as Dislodgeable Foliar Residues

Pesticide Crop Half-Life Reference
(days)

Captan Strawberries 7.1 Field Expt. 2

Carbaryl Strawberries 4.1 Zweig, et al., 1984

Vinclozolin Strawberries 4.0 Field Expt. 6b

Methiocarb Blueberries \ 1.7 Field Expt. 7
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The Ratio of Dermal Exposure Rate and Dislodgeable Foliar Residue

Popendorf and Leffingwell (1982) have reviewed the results of
their field work on the exposure by citrus and peach harvesters
to organophosphorous insecticides. They concluded that log-log
regression analyses were essentially linear between dislodgeable
foliar residues and dermal dose rates. We have now extended
these regression analyses to include the results for strawberry
and blueberry harvesters exposed to captan, benomyl, vinclozolin,
carbaryl and methiocarb. The anatamical distribution of dermal
exposure to pesticide by field workers harvesting row or bush
crops may be quite different than that of harvesters of tree
crops, probably due to the operation of different exposure mech-
anisms. Nevertheless, the regressions of 43 separate observa-
tions fell on the same straight line (FIGURE 5), and the ratios
of dermal exposures and dislodgeable foliar residues were essen—
tially within an order of magnitude (TABLE 11). The mean value
of 43 observations [16 from these studies and 23 from Popendorf
and Leffingwell (1983)] was 7.84 x 103 (S.D. 12.2 x 103), The
ratios for vinclozolin appeared to be significantly higher than
the values for carbaryl obeerved simultaneously. Since the vin-
clozolin residues were two weeks older than the concomitant
carbaryl residues (see above) and considerably lower than all the
others listed in TABLE 11, it could be speculated that the
anomalous ratio derived for vinclozolin is related to aging of

its residues.

267



0.4

052

LOG DISL. FOLIAR RESIDUE (ug/cmz)
i

y=1.045-0.176x
O r=0.844

©

1 ] 1 1

268

3 4 5 6
DAYS POST-APPLICATION

FIGURE 4

Decline of Methiocarb Dislodgeable Residues from Blueberry
Foliage (Field Study 7).

WES

28



105-

1o

0.50
NA
E
(3]
) oL
2
25
2
— -0-5-
v
(75
& 0]
2 -1.0
H o
3 y=1.00x-0.603
b r=0.904
3 -1.5L
[--]
<
[$5]
[&]
a
S -2.0L
wv
[ ]
a
g -2.5?;

-3.0-

| 1 1 1 1 1 i S | § 1 1 | N

-2.0 -1.0 0 1.0 2.0
LOG DERMAL EXPOSURE RATE (mg/hr)

FIGURE 5

Regression Line of Ratios Between Dermal Exposure Rates and

Dislodgeable

Foliar Residues of Various Pesticides and Crops;

data are from this report and Popendorf and Leffingwell (1982).
® =2 points with same coordinates.

REC 29

269



Ratio Between Dermal Dose Rate and Dislodgeable Foliar Residues

TARLE 11

Dermal Dose Di

Lft‘fd’m&ugf, Pesticide Crop Rate Fdﬁgdg::l;(l}; Ratio
(mg/hr) (ng/cn) x1073

Study 1 Captan Strawberries 6.50 2,36 2,754
Study 2 Captan Strawberries 4.70 0.71 6.620
Study 3 Captan Strawberries 17.41 7.76 2.244
Study 4 Captan Strawberries 16.37 2.74 5.974
Study 5 Captan Strawberries 5.88 1.72 3.418
Study 6a Carbaryl Strawberries 2.65 0.61 4.344
Study 6a Carbaryl Strawberries 1.55 0.55 2,818
Study 6a Carbaryl Strawberries 1.45 0.24 6.042
Study 6b Vinclozolin Strawberries 0.273 0.00891 30.64
Study 6b Vinclozolin Strawberries 0.329 0.00537 61.27

Study 6b Vinclozolin Strawberries 0.232 0.00524 44.27
Study 7 Methiocarb Blueberries 6.037 7.83 0.771
Study 7 Methiocarb Blueberries 3.80 2.42 1.570
Study 7 Methiocarb Blueberries 1.06 0.59 1.802
Zweiqg,1983 Captan Strawberries 39.01 4.55 8.574
Zweig,1983 Benomyl Strawberries 5.39 0.75 7.187
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The units of this ratio are area per time (viz. cm2hrl),
but the significance of this relationship is not clearly under-
stood. The "area” expression may represent the foliar surface
with which the field worker actually comes into contact, or it
may be the hypothetical area of the foliage given quantitative
transfer of the dislodgeable residue on its surface.

We subscribe to the concept put forth by Popendorf and
Leffingwell (1982) and Nigg, et al., (1984) to use this ratio as
an empirical factor for the estimation of dermal exposure by
field workers without involving the workers, themselves, but
measuring, instead, the dislodgeable foliar residues in the par-
ticular combination of pesticide and crop under consideration.
The fact that this factor is relatively constant for a variety of
crops as diverse as citrus and strawberries and holds for dif-
ferent pesticides, suggests that a constant fraction of dislodge-
able residues is transferred to the skin or clothing of personnel
during manual activities in treated fields. Nigg, et al., (1984)
have recommended that an empirical constant of 104 be used to to
make this estimate, but these researchers calculate dislodgeable
residues on the basis of two leaf surfaces. In our work, only a
single leaf surface (projected area) is considered, making the
value of our ratio about one-half that derived by Nigg's group.
As recently stated by Zweig (1984), a rough first approximation
of dermal exposure rate for fruit harvesters based on dislodge-
able foliar residues (DFR) may be calculated using the following
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expression:
Dermal Exposure Rate (mg hrl) =5 x 103 x DFR
This simple transformation suggests a method for obtaining expo-
sure rates of fruit harvestere in order to establish safe reentry
periods without involvement of human subjects. Experiments are
needed on additional crop/pesticide combinations to further vali-
date the use of this factor.
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Abstract 277

Phase I of this study consisted of retrieval of reported foliar
residue data, chemical toxicity and crop related parameters for
selected organophosphate pesticides, calculation of cholinesterase
inhibition corresponding to the residues and recommend appropriate
reentry intervals based on a Unified Field Model.

Phase 11 conducts computer simulation studies testing the effect

of both mean residue hazard (dACHE) and its variability upon
harvesters health status in order to define an appropriate criteria
(daily inhibition of cholinesterase or $dACHE) for recommending
reentry intervals.



REENTRY SIMULATION STUDY, PHASE I

DRAFT REPORT, Nov. 1985 278
University of Iowa, Pesticide Hazard Assessment Project

INTRODUCTION:

"Reentry interval" is the term given to the time period (usually days)
necessary for a pesticide residue to become safe for a subsequent activity.
The activity of interest in this report is harvesting (although any similar
activity with prolonged, substantial contact with the foliage or other
repository of the residue would be covered within this context). The
pesticides of interest are those currently regulated by either the U.S.
Environmental Protection Agency (EPA) or the state of California and a
small number of OPs which are not currently regulated by either agency;
these chemicals are predominantly organophosphate pesticides (OPs) many of
which have been historically associated with sporadic incidents of
harvester acute poisonings (Quinby and Lemmon, 1958; Milby et al, 1964;
Spear et al 1975; Spear et al, 1977; and Gunther et al, 1977).

The precedent for this review and synthesis was a report submitted to
the EPA in 1981 entitled "A Model for Farmworker Protection from
Organophosphate Pesticide Residues'; an only slightly modified version of
this report was subsequently published in Residue Reviews (Popendorf and
Leffingwell, 1982). These documents outlined a concept and model for
unifying the aspects of pesticide application, pesticide decay, exposure to
the residue during harvest, dose dermal deposition and absorption, and the
harvester's biological response (this submodel was specific to the
inhibition of the neural enzyme acetyl cholinesterase (AChE)), respectfully
called the Unified Field Model by its author. A subsequent publication
(Popendorf, 1984) outlined some useful applications for the model, further
examples, and some of its limitations.

Of particular interest in these reports were two needs, (1) to examine
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the necessity for and adequacy of current reentry intervals in comparison
to intervals using the Unified Field Model and reported residue,
toxicologic, and.exposure data, and (2) to establish an appropriate
criterion for setting the reentry interval based on an allowable change in
AChE (dAChE) given the natural variability in residues and exposure
patterns intrinsic to real agricultural practices. Therefore, two phases
of this study were undertaken: (Phase I) to assemble all reported foliar
residue data for the pesticides of interest with the necessary chemical
toxicity and crop related parameters, to calculate the cholinesterase
inhibition corresponding to these residues, and to recommend appropriate
reentry intervals based on the Unified Field Model, and (Phase II) to
conduct computer simulation studies testing the effect of both the mean
residue hazard (dAChE) and its variability upon harvesters health status in
order to define an appropriate criterion (daily inhibition of
cholinesterase or 7 dAChE) for recommending reentry intervals.

While these two phases of the study are related, much of each of them
could be and was conducted separately. Unfortunately, they were not well
synchronized in time, and this draft report of Phase I was completed
without benefit of input from Phase II. The particular point at which such
input will be important is when selecting the 7 dAChE criterion for an
assumed 8-hour harvesting workday. Due to time constraints, a draft report
was prepared using a criterion of 47 as guided by the earlier reports by
Popendorf and Leffingwell (1982), discussed in the Results section, and

presented in Table IV.
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METHOD:

The data base for the study was developed through a computerized
literature search initially conducted in October 1981 (supervised by Norma
Kobzina at the University of California, Berkeley, Natural Resources
Library). A subsequent search was conducted in April 1984 (by E. Rumsey at
the University of Iowa, Health Sciences Library). Four data bases were
used:

1) CHEMLINE (Chemical Dictionary online) which supplied
synonyms and registry numbers for various chemicals,
and also named data bases (files) within the National
Library of Medicine Computer System (MEDLARS) where
articles on the chemicals were listed.

2) TOXLINE (Toxicology Information online) which contains an
indexed file of abstracts relating to human and animal
toxicity studies. This data base is also part of
MEDLARS.

3) AGRICOLA (Bibliography of Agriculture)

and 4) BIOSIS (Biological Abstracts) are both owned by the
Dialog Information Retrieval Service, and lists by

title the articles related to agriculture and life
sciences, respectively.

The object of the literature search was to find articles containing
decay data on dislodgeable foliar residues of organophosphate pesticides
currently subject to either EPA and/or CDFA reentry restrictions. The
first step was to obtain a list of chemicals and their synonyms and
registry numbers through CHEMLINE. These names and numbers were then used
to search TOXLINE, AGRICOLA: and BIOSIS using selected keywords. At that
time it appeared that some registry numbers had more than one chemical

assigned to them (mixtures); as a result, several chemicals were listed in

the literature search which were not organophosphates.

1h111185dw 3
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There were some differences in the cross-referenced keywords used
within the various bibliographic data base searches because of their unique
structures and features. TOXLINE was searched for each of the chemicals
listed in Table I when used with the words in list (a) of Table II. For
AGRICOLA and BIOSIS the list of chemicals was cross-referenced twice, once
when used with those words in lists (a) and (b) of Table II, and the other
when used with list (a) but without list (c), i.e. with no mention of
soil/soils. The period of time encompassed by each literature search is
listed in Table III.

From the printout of references selected through the TOXLINE,
AGRICOLA, and BIOSIS searches, those articles whose titles were clearly
unrelated to the objective of the study were deleted. All references even
possibly applicable to the study were located and further screened to those
that did indeed meet the following criteria:

1) Article contained data on dislodgeable foliar residue decay,
as opposed to dislodgeable fruit residues, penetrated
residues, soil residues or total residues. 1In cases where
authors used organic solvents for removal of residue (as
opposed to the more established "dislodgeable" method
using an aqueous solution) but still claimed that the data
represented dislodgeable foliar residues, this data was

included in the data base but the extraction solvent was
noted.

2) Residue data were available at more than one point in time
as part of either a table or plot. Decay data with less
than two points in time were not used for this study,
although the articles are included in a secondary
bibliography.

A standardized data sheet (Appendix A) was used to record the
experimental parameters and methodology of each study, the actual data set
was copied, attached to the data sheet, and filed. A bibliography of the
selected references for the study is enclosed (Appendix B) along with
references which may be useful in related studies.

1h111185dw
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Information from the standardized data sheets and the original data
sets were enter;d into the computer in the format shown in Appendix D.

Each set of decay data, given in days post application and residue levels,
is preceded by the corresponding ID number and coded variables. Where only
a graph of data was provided, residue and interval values were determined
by measurement of the graph. If only an equation was given in the original
reference, values were interpolated from the equation for days 1, 2, 5, 10,
20, and 30 (days -) post application (as permitted by the duration of the
reported data) and inserted into the residue data file.

Other application, environmental, and sampling factors were determined
from each report where possible and included within the library file as
explained in Appendix C. Among these factors are:

- location (by country or state or area within large states)
- crop (see also Appendix E)

- formulation (WP, EC, etc)

- application rate (1lb active ingredient/acre)

- pesticide dilution (gal water/acre)

- primary extraction solvent (generally water with
surfactant)

- reporting procedure within publication (e.g. 1 or 2 sides
of leaf, units, graphical results only)

- application date
Computer library data files were established for other model variable such
as pesticide toxicities (LDSO) as shown in Appendix D and crop dosing
coefficients (k,) as shown in Appendix E.
These residue data were then used with the other above library data
files and unified field reentry model to assess the anticholinesterase

potential of reported residues. Two approaches to interpret these data

5
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were explored. The first approach relied upon a generalized pesticide
decay model coefficient-fitting program (Appendix F) in order to
interpolate between and extrapolate from scattered sampling intervals as
reported in the literature to intervals preset by EPA or California and/or
to intervals corresponding to “acceptable" cholinesterase inhibitionms.
This approach found only moderate success because the algorithm was not
efficient at establishing the best fit for the twelve coefficients without
assuming certain "simplifying" constraints on the coefficients (which can
effectively reduce the number of coefficients); much operator interaction
was required to establish the range of these coefficients and the
appropriate constraints for each chemical.

A second approach was not as elegant in that no decay model was used
to interpolate between or extrapolate from reported intervals. This second
program (Appendix G) merely uses the crop and chemical coefficient library
with other elements of the unified field model to tabulate the resulting
residues in consistent units (pg/cm?, l-sided) and health effects (percent
AChE inhibited). Several further simplifying assumptions were made within
the Unified Field Model as follows when used with the second approach:

1) Harvest practices for a particular crop in different studies
or regions are assumed to be not significantly different.
Therefore, a single crop dose coefficient, k,, was used for
those crops which have an established k,. en necessary
and possible, crops without a k, are given the k, of a
similar crop (e.g. peaches and plums, see Appendgx E).

2) To estimate the dose rate for crops without an established
k., and without a similar crop (e.g. apples) a default crop

k; equal to 5000 cw?/hr was assumed.

3) The enzyme coefficient Ke was fixed at 6.0 (ref. Popendorf &
' Leffingwell, 1982).

4) Harvester mass (weight) was assumed to be 70 kg.
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5) The ratio of ppm to ng/cm? was assumed to be the same for
all studies of a particular crop, e.g. 1 ppm = 25 ng/cm? as
established by Leffingwell et al (1975) for grapes, see
Appendix E.

Although several variables affect the decay process, only one reentry
interval is currently established for each combination of pesticide except
in California for certain crops. Hence, to estimate a safe reentry
interval for the majority of harvest settings the data has been analyzed
only by pesticide. The remaining variables are noted but are not listed
separately. Differences between manually harvested crops have so far been
found to differ mainly by application rate; machine harvesting or non-
harvesting practices may certainly cause differences in the residue-dose
relationships not otherwise reflected in Appendix E. Future comparisons
might be done, for instance, among states or regions to examine the
feasibility of separate reentry intervals for different parts of the
country, dependent on the area's climate; however, the available data base
currently appears too limited in most cases to be used for comparisons

between such other variables.
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Table I.

Chemicals with currently assigned reentry intervals specified by either the
U.S. Environmental Pgotection Agencya (EPA), the California Department of
Food and Agriculture  (CDFA), or both. Asterisk (*) indicates chemicals for
which residue data was reported (see also Appendix E, chemical coefficients).

L

Pesticides Regulated by California Intervals Only

CHEMICAL NAME CAS # RTECS # = =—==-- U INTERVAL
(see footnote g) EPA c CDFA
. (aoc) Cit P&N G A
Pesticides Regulated by EPA Only
Azodrin 6923-224 TC43750 2
Metasystox-R 301-122 TG14200 2
Pesticides Regulated by EPA and California Intervals

Bidrin {[Dicrotophos] 141-662 TC38500 2
Carbophenothion

(Trithion) 786-196 TD52500 2 14 14 14 -
Demeton (Systox) 8065-483 TF31500 2 5 7 7 -
Endrin 72-208 ID15750 2
EPN 2104-645 TB19250 1(2)c 14 14 14 14
"Ethion 563-122  TE45500 1()¢ 30 14 14 -
Ethyl Parathion d

[Parathion-ethyl] 56-382 TF45500 2 30e 21 21 14

45
60°

Guthion

{Azinphosmethyl) 86-500 TE19250 1 30 14 21 14
Methyl Parathion

[Parathion-methyl] 298-000 TG01750 2 - 21 14 14

Dialifor (Torak) 10311-849 TD51650 - - 75 -
Diazinon 333-415  TF33250 5 5 5 -
Dimecron

(Phosphamidon) 13171-216  TC28000 ()€ 14 - - -
Dimethoate (Cygon) 60-515 TE17500 - 4 - 4 -
Dioxathion (Delnav) 78-342  TE33500 (O 30 30 30 -
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CHEMICAL NAME CAS { RTECS # = = cmmmmmmeeeee INTERVAL ==-oc—meeoem
(see footnote g) EpA? CDFA
(aoczc Cit P&N ¢ A
Disufoton (Di-syston) 298-044 TD92750 (2)
* Endosulfan (Thiodan) 115-297  RB92750 ()€
Imidan 732-116  TE22750 ()€ - 5 5 -
* Malathion 121-755  WMB4000 1 1 1 -
* Methidathion
(Supracide) 950-378 TE21000 (2) 30 - - -
Methomyl (Lannate,
Nudrin) 16752-775  AK29750 (HE 2 2 2 -
* Mevinphos (Phosdrin)  7786-347  GQ52500 )¢ 4 4 4 -
Naled (Dibrom) 300-765  TB94500 1 1 1 -
Phorate (Thimet) 298-022  TD94500 €
* Phosalone (Zolone) 2310-170  TD51750 (1) 7 7 7 -
Sulphur 7704-349  WS42500 1 1 1 -
TEPP 107-493  UX68250 (2)€ 4 4 - -
Footnotes:

a 40CFR 170.3 Worker Protection Standards for Agricultural Pesticides. Federal Register
39:16888-16891, Friday, May 10 (1974), which apply to all crops for which registered.

b 3 Cal Adm Code. Chp 4, Section 2479. California Regulations include a 48 hour interval
for a somewhat different list of chemicals applied to any crop than are listed by EPA
(see footnote c¢). In addition, a list is included of reentry intervals by specific
crop abbreviated as follows:
Cit = citrus
P&N = peaches and nectarines
G = grapes
A = apples
aoc = all other crops, see footnote c below

¢ Numbers in parentheses indicate reentry intervals for "all other crops" in
" California which differ from EPA intervals.

d For application mixtures of not more than 2 1b AI/100 Gal and rates not more than
8 1b AIA.

e For application mixtures of not more than 2 1b AI/100 Gal but rates more than 8 1b AIA.
f For application mixtures of more than 2 1b AI/100 Gal.

g Chemical names in [ ] indicates name as listed in California; chemical names in ( )
indicates a second name in California listing.
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Table II: Keyword lists searched with "pesticides"” from Table I

(a) (b)
degradation crop
deterioration foliar
dissipation leafy
persistence leaves
residues
volatilization

(c)

not soil
not soils

Table III: Period of time encompassed by each literature search

from
CHEMLINE 1966
TOXLINE Jan 1975
AGRICOLA Jan 1970
BIOSIS Jan 1977

1h10985dw
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initially
to

Sept 1981
Sept 1981
Sept 1981

Sept 1981

finally
to

Jan 1984
Jan 1984
Jan 1984

Jan 1984

287



RESULTS:

The numeric results of the Phase I studies of the potential impact of
reported residue data is tabulated in Appendix H. In an effort to focus
the attention of this review on the many different chemicals regulated by
reentry intervals and to provide a visual overview of Appendix H, the
cholinesterase inhibition (%7 delta-AChE, abbreviated dAChE in the computer
programs and hereafter) potentially resulting from harvester exposure to

residues of the various chemicals at reported days-postapplication are

plotted in Figures 1 through 20, listed alphabetically. These values will

often be referred to as measures of 'residue hazard" herein.

The most striking first impression of these plots is the variability
of those with many studies. This variability stems from both the initial
residues as well as their decay rates. Before discussing further each of
these plots and their significance, the general issue of variability of
application conditions and initial residue level affecting nearly all
chemicals will be addressed.

Among the more prominent variables affecting initial deposition are

application rate, mixture concentration, crop, and method of application.

The '"ideal" uniform deposition of 1-1b of chemical applied to a flat l-acre

plot of land (or foliage) can be calculated to be 11 ug/cm?. Different
crops and crop spacing will result in different amounts (em?) of foliage
per acre; for instance, Turrell (1961) measured the number and size of
leaves on orange trees of different ages, from which it can be calculated
that the area of citrus foliage will vary from about 1.5 to 4 times the

land area of the grove. Thus, if the 1-1b application were uniformly

distributed upon only the foliage of a citrus grove, the initial deposition

would be between 3 and 7 pg/cm?. Crops with more or less foliage per acre

would be expected to have a less or more density of initial residue,

respectively.
jcl110185pc 011
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All initial depositions included in Appendix H for which application
rate was reported in the literature, are summarized in Figure 21 as a
function of application rate (AIA, lb active ingredient per acre). Subsets
of these values are summarized in Figures 22-25 for citrus, peaches,
grapes, and cotton, respectively. For 1-1b applications these initial
depositions range from 0.1 to 7 pg/cm?. There is a general tendency in
Figure 21 for the deposition to increase with increasing rates of
application, but a number of other factors affect this pattern. For
instance, high rates of application are most often associated with lower
mixture concentrations, high gallons of water per acre, more thorough crop
coverage, and higher rates of runoff; all mitigating toward lower levels of
initial deposition. The additional affects of crop planting practices,
foliage anatomy, and application methods increase the apparent variability.

Attempts to control for these other factors were considered but found
not appropriate at this time in comparison to application rate, and even
application rate is not a good predictor in all cases. For instance, when
attempting to isolate the influence of application, rate on deposition
(the slope of the X-Y regression indicated in Figures 22-25), it became
apparent that only for some crops can a reasonable quantitative
relationship be found. It appears (from admittedly sketchy data) that
initial residues on grapes and peaches increase respectively by 1.9 and 3.3
ug/cm? per pound of additional material applied; cotton may have a slope
right in this region (circa 3 pg/cm? per lb/acre) but there is too little
range in its application rates to tell. Citrus residues, on the other
hand, increase in a highly variable manner with a mean near 0.75 ug/cm? per
pound; selecting citrus applications further by chemical did not improve

the scatter.
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Incorporating application rate into future reentry regulations may be
a viable consideration. To date the only chemical so regulated is
parathion on citrus in California. At first glance this regulation seems
ironic based on the relatively poor correlation between application rate
and hazard for citrus (Figure 9) in comparison to the relatively straight
forward application-deposition association for most other crops. It is
this author's considered opinion (based on experience and the pattern of
decay characterized in Figure 22) that the reason reentry intervals for

parathion on citrus are based on application rate, was the result more of

290

the coincidental typical application of parathion at high application rates

during seasonal weather patterns conducive to the formation of persistent,

high hazard residues, than of the only somewhat higher initial residues,

per se. Further consideration of incorporating application rate into other

crop-pesticide combinations seems prudent but would require more
information concerning label application recommendations and restrictions.
In the final analysis, the reentry hazard interpretations summarized
in Table IV were made on the data as reported, incorporating agricultural
practices implicitly as reflected in the residues reported. The one
exception to this rule was the residues reported by Gehrich et al (1976,
ref. #12). Their study was specifically commissioned to examine the
residue levels and decay patterns among different pesticides, seasons,
crops, and regions following equal applications at the maximum rates
possible. It is a landmark report, but the conditions studied are not
necessarily representative of common agricultural practices in all cases.
Therefore, Figures 1 - 20 were interpreted in Table IV on the basis of

three factors:
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(1) the initial mean dAChE as estimated by the Unified 29‘
Field Model from all reports; thus the initial dAChE
reflects both the inherent toxicity of the parent-
pesticide (and any reported metabolites) as well
as application conditions. Both the typical hazard
(mode) and maximum hazard were considered.

(2) the half-life of the cholinesterase inhibition

hazards estimated from the pattern of decay.

Note that in Table IV the half-life is sometimes

preceded by "ca" to indicate ‘‘circa" when the decay

pattern does not appear to fit an exponential model;

in this case an effective half-life is listed

corresponding to the rate of decay in the 1 to 107

dAChE per day region.

(3) optional reentry intervals determined by the days

necessary for the dAChE 8-hour workday to fall below

47Z. Two versions of this reentry interval are listed:

one is the time for the typical residue (mode) to

fall below the 47 criterion (combining factors 1 and

2, above), the second is the time for the maximum

reported residue to decay below the 47 criterion.
1. Azinphosmethyl (Guthion) has been quite well studied with fourteen
references cited covering 4 crops. The initial residue depositions span
nearly two orders of magnitude. It is not unexpected that studies of
relatively low residues may not have been pursued for as long a time as
studies of higher residues; thus, residues appear to become more consistent
at longer intervals post-application. Thereafter, residue hazards appear
to decay exponentially rather slowly, with a half-life of about 3 weeks.
The presence of its oxon was reported in only one study (Iwata, 1980); in
this one case the initial deposition, its hazard, and its half-life all
appear to be outliers, but not more than 257 of the dAChE hazard at any
point is attributable to its oxon. The recommended reentry interval of 16

to 23 days is consistent with California's standard but much longer than

EPA's 1 day.
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2. Carbaryl (Sevin) residues were only marginally reported, but its very
low acute toxicity (hot to mention its less cumulative dAChE effect as a
carbamate) result in maximum dAChE hazards of <0.17%. Neither agency has
current reentry requirements for this pesticide and no additional

requirements are suggested by this data.

3. Carbophenothion (Trithion) residues have been reported only modestly.
Its typical initial dAChE hazard was near 4%; its maximum initial residue
hazard did not exceed 107 and was below 47 in 2 days except when applied at
unusually high rates (studies by Gehrich et al (12) were applied at 8
lb/acre to match high parathion applications, an apparently uncommon
practice with Trithion). Given the apparent agricultural usage
(application rates) of this pesticide, the recommended reentry interval of
0 to 2 days is consistent with EPA's current standard and much less than
the California requirement of 14 days; On the other hand,if the pesticide

were used at or near 8 lb AIA, this data would suggest reentry requirements

near 60 days.

4. Chlorthiophos has not been well reported in the literature. The only
citation does not report initial depositions, but dAChE responses in excess
of 157 per day are expected. It may decay in a biphasic pattern (fast then
slow) and in the one report required about 7 weeks for the hazard to decay
below the 47 criterion. Reentry intervals for this pesticide are not

currently required by either agency but are highly suggested by these data.

5. Dialifor (Torak) residues have again been reported only modestly,

despite the fact that the chemical has been implicated in at least one
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harvester residue poisoning incident (Winterlin, 1982 (ref. 83) and in
California is regula£ed by a 75 reentry interval. Reported residues
indicate initial hazards range generally from 3 to 107 and decay at a
moderate rate. A second set of hazard predictions were made for dialifor
assuming a 10-fold increase in the toxicity of its oxon versus the parent;
this assumption affected very long-term residues several fold, but their
cholinesterase responses were still projected to be circa only 1% per day.
In order to explain the poisoning incidents on the basis of these residues,
either the incorrect portions of the field were sampled, not all the
residue was detected, the dosing coefficient for grape harvesters is
significantly higher than for peach or citrus harvesters, or the toxicity
of the oxon is very much greater than expected. Even the highest residues
reported were below the 47 dAChE criterion within 15 days. EPA currently
requires no reentry for this pesticide, but the data only supports a

recommendation in the range of 4 to 15 days.

6. Dimethoate (Cygon) residues appear to represent a low hazard under all
use conditions reported. Its highest initial hazard is projected to
represent a 17 dAChE per day response and its half-life is 9 days. No
further requirement is recommended for this pesticide (California currently

requires a 4 day interval on citrus and grapes).

7. Dioxathion (Delnav) presents a modestly low (1 - 107 dAChE per day) but
unusually long residue hazard (a half-life near 48 days). Thus, the
typical initial residue hazard would just comply with the 47 per day
criterion but the maximum residue reported would require approximately 70

days to reach this criterion. A final recommendation concerning the
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adequacy of any reentry interval for this chemical would require more
information on use and exposure patterns, and on any chronic noncholinergic -

health effects associated with the chemical.

8. Ethion residues have been studied and reported in a reasonable number of
studies. In most of these studies one or more of its oxons have been
reported, but no acute dermal toxicologic information was found for either
its monoxon or its dioxon. Therefore, two interpretations (Figures 8 and
Ba and Table IV entries) were made: (1) assuming all metabolites have
toxicities equal to the parent pesticide, and (2) assuming its monoxon is
ten-fold more toxic than the parent (in the range of the oxons of
azinphosmethyl (30x), ethyl parathion (10x), methidathion (3x), and
phosalone (5x)) and its dioxon is twenty-fold more toxic (based on the
number of active sites). Inclusion of the assumed oxon toxicity increased
the typical initial hazard from about 1.57 to 67Z, neither of which is
capable of causing an acute clinical poisoning. This inclusion also
increased the hazard's half-life from 10 to 16 days, respectively.
However, the maximum residue hazards for this chemical when applied at high
rates in the range of 407. The reentry intervals corresponding to the
typical or maximum residues (other than by Gehrich et al (1976) range from
9 to 23 days, intervals considerably higher than the current EPA standard

(1 day) but very much in the range of the current 14 to 30 day California

requirement.

9. Ethyl Parathion residues are no doubt the best reported organophosphate
pesticide. At the same time the amount of data makes their interpretation

difficult. As an aid in interpretation, a number of sub-Figure 9's are
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included in this report, each one isolating the residue hazards by region
(i.e. California, Texgs. Arizona, Washington, and Florida). The apparent
lack of consistency of the residue hazards, particularly between regions
but also within some regions is notable. But also of particular note is
the similarity among the residues reported by Gehrich et al for similar
applications within four of these regions. Thus, most (but not all) of the
apparent differences among regions appears attributable to and to different
application rates and initial deposits on different crops (parathion
application rates on most crops other than citrus (and even on citrus in
Florida) are 1-1 lb/acre or less. Secondarily, the half-lives of the
residue hazard from more common agricultural applications seem to differ
among the regions and to vary inversely with moisture (rainfall) associated
with the various regions. The suggested reentry intervals (see Table IV)
closely parallel those currently regulated in California but often greatly

exceed those currently set by EPA (2 days).

10. Malathion has one of the lowest acute toxicities of the pesticides
studied. Its residues have not been reported often, but its residue hazard
is well below 0.17 dAChE under all conditions reported. Thus, no further

reentry requirement is recommended based on acute toxicity.

11. Methyl Parathion residues have been reported on a fairly wide range of
crops; it should be pointed out, however, that lacking other experimental
information, the default dosing coefficient of 5000 cmZ/hr was assumed for
exposures in cotton. Considerable variability is apparent in the rate of

hazard decay, more clearly varying inversely with moisture and possibly
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with application rate. The presence of its oxon was reported in about 207
of the studies, but ;nly under the high application conditions reported by
Gehrich et al did the oxon eventually become the predominant residue
 hazard. Thus, the assumed toxicity of the oxon was rarely important to the
overall dAChE hazard, but in the high application rate condition the two
optional toxicity assumptions caused the recommended reentry interval to
range from 17 to 27 days. The highest other residue hazard was on apples
and fell below the 4% criterion after 8 days. The generally low
application rates kept typical initial hazards in the range of 6%
(depending upon the onon toxicity assumption), and its half-life ranged
from 1 - 2 days depending upon the crop and climate. Thus, various
recommended reentry intervals could be made for this chemical ranging from
1 to 8 days depending upon crop, region, and application rate. The longer
intervals are consistent with California's standards of 14 and 21 days;
only the shortest is consistent with EPA's but it is not inclusive of all

non-California conditions reported.

12. Methidathion (Supracide) residues were well studied in a small number
of reports. Application rates in the two citrus growing regions were quite
comparable, but the initial residue hazards were strongly affected by
sometimes quite different application mixture concentrations (ranging from
a nominal 3 to 6 1b/1000 gal/acre tested in both regions, up to 6 1b/100
gal/acre tested only in California). Decay patterns were biphasic but did
not differ widely either among or within studies. Only in the relatively
dry region was the oxon consistently found in significant quantities. The
recommended reentry times differ among the studies from none to 30 days

primarily because of the initial deposits and secondarily because of oxon
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formation. These values are generally consistent with California (which
requires either 30 days on citrus or 2 days on all other crops) while EPA

has no current reentry interval for this pesticide.

13. Mevinphos (Phosdrin) residues were very sparsely reported. Because of
their high toxicity, initial hazards were often quite high, typically circa
257 dAChE, but their very short half-life under the-conditions reported
results in recommended reentry intervals similar to California regulations
of 2 to 4 days (EPA has no additional requirements for this chemical).

/
14. Monocrotophos (Azodrin) residues were only reported in a few studies.
The inherent toxicity of its initial deposition is sufficient to present
modest dAChE hazards at the outset (typically 87). Estimates of its
half-life are limited by the short span of reported studies but appear to
be circa 2.5 days. Thus, its recommended reentry intervals of 3 - 5 days
is about double the EPA standard (California has no additional requirements

for this chemical).

15. Oxydemeton (Metasystox-R) residues have been reported hardly at all.
The one report listed two widely divergent studies. The initial deposits
of this otherwise moderately toxic pesticide were quite low, creating a
maximum dAChE hazard of 1.57. EPA currently regulates a 2 day reentry
interval. Based on this limited data, no further reentry interval can be

recommended.

16. Phenthoate again has been only weakly reported. It has a fairly low

toxicity, and its highest residue hazard was only 27 (but on the second
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day, the earliest reported in that particular study). This pesticide is
currently regulated by neither EPA nor California and would appear to

satisfy the 4% criterion without additional requirements.

17. Phosalone (Zolone) residues have been modestly studied. Both the parent
and its oxon have fairly low toxicity, resulting in typical (and
consistent) initial depositions hazards of only 1.5%Z. EPA has no reentry
requirement for this pesticide, but California requires 7 days for several
fruit crops. Despite its long half-life of about 11 days, there appears to
be little justification for adding additional reentry requirements for this

chemical.

18. Phosphamidon (Dimecron) residues have been studied a fair number of
times, but nearly all of these studies have reported the data in units of
ppm on crops for which conversion to ug/cm? was not possible. In the one
study interpretable, its initial dAChE hazard was projected (back from the
earliest sample of 2 days) to be about 107, with a half-life of about 3.5
days. Thus, recommended reentry intervals are in the range of 4 - 5 days,
twice the current California standard (EPA has no current requirement for

this pesticide).

19. Phosmet (Imidan) residues have been studied in 3 cases. Its initial
depositions were in the expected range, but its low acute toxicity resulted

in a negligible dAChE hazard (<0.1Z%7) in all cases.
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20. Trichlorfon (like phosmet) has been only weakly reported, has somewhat
high initial depositions, but its maximum dAChE hazard was just under 17
+ with a 1.5 day half-life. Reentry intervals are not currently required by

either agency and no further requirements are justified by this data.
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Table 1v. Summary of reentry parameters extracted from reported residue
dAChE hazard analysis via the Unified Field Model. Initial dAChE was
estimated from all reports; thus it reflects both inherent toxicity as well
as application conditions. The half-life is estimated from the pattern of
. decay and is preceded by ''ca'" [circa] when the decay pattern does not
appear to be exponential. Recommended reentry intervals are the days
. necessary for the initial dAChE hazard (inhibition expected from 8-hours
working exposure) to fall below 4%; values are listed based both on the
tvpical residue (mode) as well as on the maximum residue reported.

Initial Est. Days until
Fig. typical 1/2 Life dAChE=4%
{#f Pesticide Name dAChE days mode max
1 Azinphosmethyl (Guthion) 2.57% 23. na 16
2 Carbaryl (Sevin) <0.1 ca 2. na na
3 Carbophenothion (Trithion) 0.9% 7.6 na ca 2
4 Chlorthiophos >15. % 19. 36 36
5 Dialifor (Torak) 5. 7% 12. 4 15
5a Dialifor (Torak) * 5. 7 % 12, * 4 % 14 *
6 Dimethoate (Cygon) 0.6% 9. na na
7 Dioxathion (Delnav) 4, 7 ca 48. na 70
8 Ethion 1.57% 10. na 15
8a Ethion * 6. % * 16. * 9 *x 23 =
9 Ethyl Parathion 18. % 10. 22 60
9a Ethyl Parathion (AZ,citrus) (90) 7 12. 54 60
9b Ethyl Parathion (CA) 60. 7 7. 27 60
9¢ Ethyl Parathion (TX) (90) 7 7. 21 21
9c Ethyl Parathion (FL,dry) 15. % 7. 14 ca 45
9c Ethyl Parathion (WA) 10. % 4, 5 21
9c Ethyl Parathion (AZ,cotton) 20. 7 2. 5 8
9c Ethyl Parathion (FL,wet) 5. 7% 2. 1 5
10 Malathion <0.17% ca 1. na na
11 Methyl Parathion 2. 7 2. na 8
11  [high appl. rate] (60) 7 4 16 17
lla Methyl Parathion * . 4, 7 % 3. 0% na * 8 =
1la [high appl. rate] * (62) 7 * 6. * 26 * 27 %
12 Methidathion (conc.,CA) 15. % ca 4. 8 30
12 Methidathion (dilute,CA) 4. % ca 4. na ca 12
12 Methidathion (dilute,FL) 2. % ca 2. na na
13 Mevinphos (Phosdrin) 25. 7 0.8 2 3
14 Monocrotophos (Azodrin) 8. % 2.3 3 5
15 Oxydemeton (Metasystox-R) 1.5% ca 6. na na
16 Phenthoate 2.57% ca 3. na 2
17 Phosalone (Zolone) 1.57% 11. na na
18 Phosphamidon (Dimecron) 10. % ca 3.6 5 4
19 Phosmet (Imidan) 0.17% 6. na na
20 Trichlorfon 1. Z 1.4 na na
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CONCLUSION:

A review of the reported foliar residue data has revealed a number of
deficiencies in the reentry intervals currently regulated by both the EPA
and California, as well as some dificiencies in the available information
necessary to recommend better reentry intervals. One of the most fund-
amental deficiencies is the basic criterion of cholinesterase inhibition
allowed during a workday, on the basis of either acute or chronic in-
hibion. The former is known to have been associated with harvester
clinical poisoning (e.g. Spear et al, 1977); the latter is hypothesized to
be a potential problem (milby et al, 1964). For the purposes of this
report, an allowable daily inhibition of 47 was assumed.

Based on this criterion and the available data, EPA reentry intervals
for eight pesticides appear inadequate in comparison to the Unified Field
Model assessment (not within the range of the optional recommendations in
Table IV); four are marginal (within the low range of the optional recom-
mendations in Table IV); eight are adequate; and none may be excessive. A
similar balance for California indicates three are inadequate; five are
marginal; eight are adequate; and four appear excessive.

These conclusions are based on a considerable amount of residue data
not equally distributed among all pesticides listed, nor has the model
been confirmed in all the conditions examined. However, the model has
been developed under realistic field tests, most of its premises have been
confirmed in a limited number of tests, and its recommendations appear to
parallel experience and regulations in California where pesticide use and
decay conditions may have been most severe. The conclusions definitely

suggest that improved levels of protection are needed in other regions.
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Table V. A comparison between the current reentry intervals regulated

by the EPA and by California (as listed in Table I) with recommendations

based on the Unified Field Model with a 47 daily inhibition threshold

(Table IV).

VooV L W

Azinphosmethyl (Guthion)
Carbaryl (Sevin)

Carbophenothion (Trithion)

Chlorthiophos

Dialifor (Torak)
Dimethoate (Cygon)
Dioxathion (Delnav)
Ethion

Ethyl Parathion
Malathion

Methyl Parathion
Methidathion (Supracide)
Mevinphos (Phosdrin)
Monocrotophos (Azodrin)
Oxydemeton (Metasystox-R)
Phenthoate

Phosalone (Zolone)
Phosphamidon (Dimecron)
Phosmet (Imidan)
Trichlorfon

jc110485pc

02

EPA

Marginal
Adequate
Adequate
Inadequate
Inadequate
Adequate
Inadequate
Marginal
Inadequate
Adequate
Marginal
Inadequate
Inadequate
Adequate
Adequate
Inadequate
Marginal
Inadequate
Adequate
Adequate

California

Adequate
Adequate
Excessive
Inadequate
Marginal
Excessive
Marginal
Adequate
Marginal
Adequate
Adequate
Marginal
Adequate
Inadequate
Marginal
Inadequate
Excessive
Excessive
Adequate
Adequate
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APPENDIX A: Standardized Data Sheet for
recording pertinent data from

published report.
LOCATION OF STUDY

DATE OF STUDY

TYPE OF CROP(s)

CHEMICAL(s) APPLIED (Check one)
Single Chemical Applied

Multiple Chemicals Applied

Multiple Chemicals Applied Separately
Multiple Applications of Chemical(s)
CHEMICAL(s) APPLIED :

APPENDIX A

Space for

citation information.

537

1. 12, 3.
FORMULATION (Fill in the blank)

WP EC LF | WP EC LF WP EC LF
___ G Other i __ G Other G Other

]
]
{
t
[}
t
{
'
1
[}
APPLICATION RATE (Active Ingredient per ...... ) |
i
i
1
|
{
]
)
t
[}
]

1. Total/tree }2. Total/tree ;3. Total/tree
Kg/Ha ' Kg/Ha Kg/Ha
lbs/acre ! lbs/acre lbs/acre

FORMULATION ADDITIVES OR COMMENTS

1. (2. 3.

l

MIXTURE (gallons per acre)

SAMPLING PROCEDURE (check one)

Dislodgeable residue Other residue Units
Leaf Punch Whole Leaf__ _  Other
Leaf Area Calculated as: (check) One Side ____ Two Sides

EXTRACTION SOLVENT Aqueous_____

Organic (circle one) Hex Cloro Tol MeCl Benz Other
(1) (2) 3) (4) (5) (6)

WEATHER Data Present (_Amount, if given) Residue data presented

Rainfall in Tables

Temperature Graph

Humidity Equation

Ozone Leaf Dust Measured:

Other YES / NO

Form completed by Date

APPENDIX A: page 1 of 1 -
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APPENDIX B: Bibliography for Residue Decay-Response Database.

APPENDIX B

338

Not every one of the following citations either
contained residue data or was included within the
data base summarized in Appendix H.

. Awasthi,M.D., et al:

Dissapation of metasystox and monocrotophos in or on

soybean crop residues.
Indian J Agric Sci. 48(4): 245-247, 1978.

. Berck,B., Iwata,Y., Gunther,F.A.:

Worker environment research: rapid field method for
estimation of organophosphorus insecticide residues on citrus
foliage and in grove soil.

J. Agric. Food. Chem. 29(2): 209-216, 1981.

. Bowman, A.U., Oller,¥W.L., Kendall,D.C., Gosnell,A.B., Oliver,K.H.:

Determination of foliar residues for safe reentry of agricultural
workers in the field.
Arch.Environ.Contam.Toxicol. 11(&4): 447-455, 1982.

. Charmillot, P.J. and Blaser, C.:

Study of the persistance of acephate, phosmet and deltamethrin used
for the control of the summer fruit tortrix Adoxpphyes orana F.v.R.
CA/099/065875C

Rev Suisse Vitic, Aboric. Hortic. 15(3): 195-201, 1983,

. Chen,Z2. and Yue,R.:

Degradative dynamics of pesticides in tea leaves and the selective
parameters of safe pesticide design.

CA/099/138268U

Zhonggo Nongye Kexue (Beijing). 1: 62-70, 1983.

. Davis,J.:

Potential Exposure to Dislogable Residues of Two Formulations
of Methyl Parathion to Apple Trees.
Bull Environ Contam & Tox. 27: 95-100 (1981).

Davis,J.E., Staiff,D.C., Butler,L.C., and Stevens,E.R.:

Potential exposure to dislodgable residues after application of two
formulations of methyl parathion to apple trees.

NTIS/PB82-247537

Govt Reports Announcements & Index (GRA&I), 23: 1982.

Dikshit,A.K. and Bhattacharjee,N.S.:
Residues of carbofuran and malathion in or on soybean crop.

Indian J Agric Sci. New Delhi, Indian Council of Agricultural
Research. 50(5): 441-443, 1980.
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

. Everhart,L.P. and Holt,R.F.:

Potential benlate exposure during mixer/loader operations, crop
harvest, and home use.
J.Agric.Food.Chem. 30(2): 222-227, 1982.

Fitzpatrick,G.E. and Bogan,M.D.:

Residue dynamics of acephate and methamidophos in urban dooryard
citrus foliage. Pompano Beach Florida, August-September 1978.
Pestic.Monit.J. 14(1): 3-6, 1980.

Gegenava,N.G., Klisenco,M.A., and Pis'mennaya,M.V.:

Dynamics of carbophos and phosalone decomposition in grape leaves
and grapes.

CA/098/067078Y

Khim. Sel'sk. Khoz. 12:45-47, 1982.

Gehrich, John L., John A. Burkart, Dennis Y. Takade, Eugene R. Turner,
Stanley D. Allen. Final Report: Assessment of Leaf Surface Residues
for Selected Organophosphorus Insecticides. University of Utah
Research Institute, Salt Lake City, Utah (1976).

Gehrich,J.L., Burkart,J.A., Takade,D.Y., Turner,E.R., and Allen,S.D:
Assessment of leaf surface residues for selected oganophosphorus
insecticides. NTIS/PB82-230046

Govt Reports Announcements & Index (GRA&I), 21: 1982.

Habeebullah,B. and Balasubramanian,M.:

Dissapation and persistance of certain insecticides on/in cowpea pods
(var. C. 152)

CA/097/067761V

Madras Agric. J. 68(8): 517-526, 1981.

Hafner,M. and Michel,H.G.:
Investigations on the drift of sulfur and its residues in plants

(red clover and apple leaves from the variety 'golden delicious'").
Nachrichtenbl Dtsch Pflanzenschutzd. 27(2): 24-27. [Eng. Sum.]} 1975.

Iwata, Yutaka, Margarete Dusch, Glenn Carman, and Francis Gunther:
Worker Environment Research* Residues from Carbaryl,
Chlorobensilate, Dimethoate, and Trichlorfon Applied to Citrus Trees.
J. Agricultural and Food Chemistry, 27:1141-1145 (1979).

Iwata, Yﬁtaka, Glenn E. Carman, and Francis A. Gunther:
Worker Environment Research: Methidathion Applied to Orange Trees.
J.Agricultural Food Chemistry 27:119-129 (1979).

Iwata, Yutaka:

Minimizing Occupational Exposure to Pesticides: Reentry Field
Data- a Recapitulation.

Residue Reviews 75: 127-147 (1980).

Katiha,S.M. and Nath,A.:
Persistance of oxydemeton methyl residues in cauliflower

CA/099/135479C
J Entom Res. 5(1): 47-9, 1981.
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20.

21.

22.

23.

24,

25.

26.

27.

28.

Keil, Julian E., C. Boyd Loadholt, Bob L. Brown, Samuel H. Sandifer,

and Wayne R. Sitterly: Decay of Parathion and Endosulfan Residues on

Field-Treated Tobacco, South Carolina-1971.
Pesticides Monitoring Journal, 6:73-75 (1972).

Keil, J.E., C.B. Loadholt, S.H. Sandfer, W.R. Sitterly,

and B.L. Brown: Decay of Parathion Residues on Field-Treated
Tobacco South Carolina - 1972.

Pesticides Monitoring Journal, 6:377 (1973).

Kido, H., J.B. Bailey, N.F. McCalley, W.E. Yates, and R.E. Cowden.
The Effect of Overhead Sprinkler Irrigation on Methyl Parathion
Residue on Grape Leaves.

Bull. Environmental Contamination and Toxicology 14:209-213 (1975).

Kilgore, Wendell W., Ming-yu Li, Ronald L. Mull, Wray Winterlin,
Nemat Borhani, Jess Draus, Peter Kurtz, Norman Akesson, and
Wesley Yates:

Human Physiological Effects of Organophosphorus Pesticides in a
Normal Agricultural Field Labor Population, A Preliminary Report,
II. Scientific Aspects. Food Protection and Toxicology Center,
University of California, Davis. 56 pages (1977).

Knaak, J.B., K.T. Maddy, M.A. Gallo, D.T. Lillie, E.M. Craine,
and W.F. Serat: Worker Reentry Study Involving Phosalone
Application to Citrus Groves.

J.Toxicology and Applied Pharmacology 46:363-374 (1978).

Knaak, J.B., S.A. Peoples, T.J. Jackson, A.S. Fredrickson, R. Enos,
K.T. Maddy, J.B. Bailey, M.E. Dusch, F.A. Gunther, and W. L.
Winterlin:

Reentry Problems Involving the Use of Dialifor on Grapes in the San
Joaquin Valley of California.

Arch. Environmental Contamination and Toxicology 7:465-481 (1978).

Kraus,J.F. et al:

Monitoring of grape harvesters for evidence of cholinesterase
inhibition.

J.Toxicol.Environ.Health. 7(1): 19-31, 1981.

Leffingwell, J. T., R.C. Spear, and David Jenkins.

The Persistence of Ethion and Zolone Residues on Grape Foliage in
the Central Valley of California.

Arch. Environmental Contamination and Toxicology 3:49-53 (1975).

Lynch,V.P., Hudson,H.R., and Pianca,M.

Identification and determination of mecarbam and its major
degradation products in water and crops.

PESTAB/81/1797

Pestic Sci. 12(1): 65-73 1981.
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Maddy et al:

CDFA Report #HS-181 (ACF 59-181)

Worker Health and Safety Unit. A Study of Parathion and Paraoxon
Residue in Citrus Groves Following Applicaton of Parathion at
Various Dosage and Dilution Rates (Report #HS-181). California
Department of Food and Agriculture, Sacramento, CA (ca 1975).

Mzddy, Keith T., and Clifford Smith:

A Study of the Decay Rates of Ethyl-Metyl Parathion and Endosulfan
Applied as a Foliar Spray to a Tomato Field in the Sacramento
Valley of California. Report #HS-293.

Worker Health and Safety Unit, California Department of Food and
Agriculture, Sacramento, California.

Maddy, Keith T., G. Sprock, A. Scott Fredrickson, and T. Jackson.
Parathion Residue on Orange Tree Foliage in Riverside County,
California, May-June, 1975. Report #318.

Worker Health and Safety lmit, California Department of Food and
Agriculture, Sacramento, Califernia (ca 1976).

Maddy, Keith T., Susan Edmiston, Charles Kahn, Lilia Rivera, and
Terry Jackson. A Study of Parathion on the Foliage of Peach Trees in
Stanislaus County, California, June-July, 1977. Report # HS-395.
Worker Heath and Safety Unit, California Department of Food and
Agriculture, Sacramento, California (ca 1977).

Misra,S.S., Verma,S., Handa,S.K., and Lal,R.:
BHC and parathion residues on crop of yellow-sarson (brassica).
Indian J of Agric Sci. 41(3): 276-279, 1971.

Nigg, H.N., J.C. Allen, R.F. Brooks, G.J. Edwards, N.P. Thompson,
Roy W. King, and A.H. Blagg. Dislodgeable Residues of Ethion in
Florida Citrus and Relationships to Weather Variables.

Arch. Environ. Contam. and Toxicology £257-267 (1977).

Nigg, H.N., J.C. Allen, R.W. King, N.P. Thompson, G.J. Edwards,
and R.F. Brooks: Dislodgeable Residues of Parathion and
Carbophenothion in Florida Citrus: A Weather Model.

Bull. Environmental Contamination and Toxicology 19:578-588 (1978).

Nigg, Herbert N:

Comparison of Pesticide and Particulate Recoveries with the Vacuum
and Dislodgeable Surface Pesticide Residue Techniques.

Arch. Environmental Contamination Toxicology 8:369-381 (1979).

Nigg,H.N., Reinert,J.A., Stamper,J.H., and Fitzpatrick,G.E.:
Dissapearance of acephate, methamidophos, and malathion from citrus
foliage. PESTAB/81/1555

Bull Environ Contam Toxicol 26(1): 267-272, 1981.

Nigg, H.N. and J. H. Stamper:

Comparative Disappearance of Dioxathion, Malathion,
Oxydemetonmethyl and Dialifor from Florida Citrus leaf and Fruit
Surfaces.

Arch. Environmental Contamination Toxicology 10(4):497-504 (1981).
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39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

Nigg, Herbert N., Leo G. Albrigo, Harold E. Nordby, and James H.
Stamper: A Method for Estimating Leaf Compartmentalization of
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APPENDIX C

Appendix C: Computer database format for reported residues as

corresponds to INPUT FILE SPECIFICATION (as used by

program "REEN1").

LINE "1" (precedes each set of residues)

chem

nart
ndset
nox

loc

crop

igph

form

aia

gpa
ex

= name of chemical (abbreviated)

(see "chemco" file for abbreviation code)
article number (within reference system)
dataset number (within article)

number of oxons or other metabolites
reported (one line nameing each oxon
required after optional comments); nox

cannot be larger than nor can names differ

in sequence from those specified in the
library file "chemco".
location by state [and within state]

AK = Arkanas
AZ = Arizona
CA = California

CAi = Imperial Valley. CA
CAs = Southern CA
CAv = Central Valley, CA

FL = Florida

GA = Georgia

IND= India

SC = South Carolina
TX = Texas

WA = Washington

crop code (see "cropco'" library file);
selective searching by crop is an option
in some programs, e.g. reen2.

blank (0) if data are from a table;

1 if data points are taken from a graph.
formulation (eg. 8EC, 25WP, etc.)

CP = encapsulated, n = 7 active by weight
EC = emulsifiable concentrate, n = pounds

active per gallon

WP

weight

wettable powder, n = 7 active by

mixture active ingredient per acre
(lbs./acre) [1 Liter/hectare =

0.892 gal/acre]

gallons water per acre
extraction solvent used:
blank/default = aqueous with surfactant

1 = hexane 4
2 = chloroform 5
3 = toluene 6

Appendix C, page

Methylene chloride
benzene
other (see comments)

1 of 3

format column
A8 1-8
I2 10-11
I2 13-14
I1 16
A3 18-20
A6 22-27
I1 29
A4 31-34
F5.2 36-40
F4a.0 42-45
Il 47
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unit = units reported I1
blank/default = ug/cm2
1 = ng/cm2 3 = ppm
2 = mg/m2 4 = other
nside = number of sides of leaf used to calculate I1
residue
1 =1 side 2 = 2 sides
dapp = day of application 12
mapp = month of application A3
yapp = year of application I2
ncomm = number of comment lines [optional up to 6] I1
npun = number of punches total [if unusual]} I3
isd = blank if standard deviation not given; Il

1 if given.

LINE '"2" (comments as specified by "ncomm")
comm = [optional] 1 - 6 comment line(s) A79
usually used to cite source reference
or observations on application, data, etc.

LINE "3"
lox = metabolite name(s), one per line; A30
the number of names is not optional but
must match "nox" as listed in LINE 1.
LINE "4
nsam = number of residue intervals measured; I2

1 line [manditory] corresponding to the
number of residue lines which follow.

LINE "5" (Residue data)

dpa days post application F4.0

res residue value, in units as given in F6.0
original data set, unless transformed
to standard units (ng/cm2) by REEN1 or
similar calculation.

sd = standard deviation, if reported; F6.0
negative values are % relative deviation
(coefficient of variation).

bR R Rt b e 3 P R R Rt R S RS R RS L 2 F R 1 L T TR Y

An example is provided on the following page:

PR e T 2t R e R e R R R s 3 20 2 2 2 12 T L B R T T T RUT T

49

51

53-54
56-58
60-61
63
65-67
69

1-79

1-30

1-2

1-4

6-11

13-18
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example from file "pholon'":

column 1 2 3 4 5 6 7
0 0 0 0 0 0 0 :3119
c see in {n |njl jc see jiif ‘A 'g 'eluln}d |m Jy injn i
h che- !a !d !ojo |r cro-|gio H | p Ix!n)sja ja (a |cjp s|
€ mco r ;s ;xjc ;O Pco;p;r A la isii;ijp (P P (0oju ;d|
m it e 1 4P thim ' loitidip (P P im; | |
Vot b Eo : i 3 SR E S S

ethion :34.01:1:FL :orgval: : 4EC: 3.00:1200: :1:2:29:may:75:4:160:1.

Nigg, et al: Dislodgeable Residues of Ethion in Florida Citrus and
Relationships to Weather Variables.

Arch Env Contam & Tox. 6: 257-267, 1977.

wet season

ethion monoxon

6
0: 99.4: 5.5: 4.1: 2.3: :
1: 61.2: 26.3: 6.0: 3.6: s :
3: 7.4 5.4: 3.9: 1.4: : :
5: 3.0: .9: 2.7: .8: :
7: 2.8: 2.0: 1.7: 1.1: : :
14: 2.0: .9: 1.3: .5: : :
ethion :34.02:1:FL :orgval: : 4EC: 4.50:1200: :1:2:10:nov:75:1:160:1.

dry season
ethion monoxon

9
0: 141.6: 25.8: 12.0: 1.9 : :
1: 32.8: 8.7: 2.5: 2 : :
3: 23.3: 1.8: 3.2: 2 :
5: 16.6: 2.3: 4,0: 1.1: :
7: 17.1: .9: 5.1: .1: :

14: 16.7: 4.3: 4.8 .5 :

21: 5.1: 1.1: 3.9: 5 :

28: 3.4; 1.7: 2.2 1.5:

35: 4.1: .7 2.2: .3 : :
ethion :34.03:1:FL :orgval: : 4EC: 4.50:1200: :1:2:29:may:75:1:160:1.
wet season
ethion monoxon

6
0: 284.6: 142.9: 42.2: 3.2 :
1: 124.6: 52.4: 21.7: 4.8: :
etc... ’

Appendix C, page 3 of 3 72



Appendix D: Computer library of Unified Field Model Chemcial Coefficients.

APPENDIX D

"CHEMCO" is a tabulation of chemical codes, their
dermal LD50 values, the number of metabolites
possible for each chemical, common or trade names,

and whether the reentry interval is regulated by EPA
(E) or California (C) or both.

Data for dial,

ethion, and mep are replicated in a second set of
parameters with the suffix "2" in which LD50 values

for the metabolites were assumed to be different from

the

parent.

columns allocated to each parameter are as follows:

1-8 10-13 15 17-41(=25)
1 [ |
azinme 220 1 azinphosmethyl
7 azinphosmethyl oxon
carbaryl 4000 carbaryl
carbop 40 3 carbophenothion
40 carbophenothion oxon
40 carbopheno. sulfoxide
40 carbophenothion sulfone
chlort 58 3 chlorthiophos
chlorthiophos sulfoxide
chlorthiophos sulfone
chlor. oxon sulfoxide
dcroto 42  dicrotophos
demet 11 demeton or demeton-s
dial 124 1 dialifor
dialifor oxon
dial2 124 1 dialifor
12 dialifor oxon
diaz 640 diazinon
dimeth 610 1 dimethoate
dimethoxon
dioxat 120 dioxathion
endrin 15 endrin
epn 127 epn
ethion 153 2 ethion

ethio2 153 2

15

7
etp 14 1

1
malat 4444
mep 67 1
mep2 67 1

7

ethion monooxon
ethion dioxon
ethion

ethion monooxon
ethion dioxon
ethyl parathion
ethyl paraoxon
malathion
methyl parathion
methyl paraoxon
methyl parathion
methyl paraoxon

Appendix D, page
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42-66(=25)
[Guthion]

[Sevin]) 63-252 FC59500
[Trithion]

21923-239 TF15900

[Bidrin]
[Systox]
[Torak]
[Torak]

[Spectracide]
[Cygon], [De-Fend]

[Delnav]
-chlorinated HC-

[EPN-300]
[Ethion],[Nialate]

[Ethion], [Nialate]

[Phostox], [Thiophos]

[Carbophos]
[Metron]

[Metron]

73
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methom
metion 73
20
mevin 4.5
monoos 119
naled 800
oxyme 165
phenth 700
pholon 1530
380
phorat 4
phosam 124
phosmet 1550
tepp 2.4
tric 2000
endosulf

FHARAARLXAR XA AA KA AL A RLhhkhkhhkhrhhhdhhkdhhhhhhkhhkhhhhhhhkhikhihik

2

methomyl
methidathion
methidathion oxon
mevinphos

beta isomer
monocrotophos
naled
oxydemeton-methyl
phenthoate
phenthoate oxon
phosalone
phosalone oxon
phorate
phosphamidon
phosmet

tetraethyl pyrophosate

trichlorfon

carbosulfan
chlorpyrifos
disulfoton
endosulfan
alpha isomer
beta isomer
propargite
oxymyl
sulphur

[Lannate], [Nudrin]
[Supracide]

[Phosdrin]

[Azodrin]

[Dibrom]

[Metasystox-R]

Fenthoate 2597-037 AI78750

[quone]

[Thimet]

[Dimecron]

[Imidan]

[TEPP), [Vapotone]
[Dylox] 52-686 TA07000

[Advantage])
{Di-syston]
{Thiodan])

[Omite]
{Vydate]

chemical requested not on file
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Appendix E:

APPENDIX E

Computer library of Unified Field Model Crop Coefficients.

“CROPCO" is a tabulation of crop codes, their dosing
coefficient (K,), the full name of the crop, and the
leaf density (estimated (as noted by ?) when
otherwise unknown) to be used to convert residue
reported as ppm to ng/cm2. For purposes of
calculation, when the K, was unknown, a conservative
(high) default value corresponding to 5.0 (5000
cm2/hr) was assumed. Some replicated crop codes were
included to match on crops coded within the data base
which were sometimes right-justified.

columns allocated to each parameter are as follows:

1-6 12-15 23-42(=20) 45-48 49
______ | I O O e I I I I T I DS B ISP |
NEEN NEEEEN It !
apple 3.5 apple 20. ?
apple 3.5 apple 20. ?
artchk artichoke
cabbag cabbage
chili chili
chili chili
citrus 5.1 citrus 27.5
cotton cotton 25. 17
cowpea cowpea
grape 3.5 grape-unclassified 21.
grape 3.5 grape-unclassified 21.
graper 3.5 grape-raisin 21.
grapet 3.5 grape-table 21.
grapew 3.5 grape-wine 21.
grapfr 5.1 grapefruit 27.5
lemon 5.1 lemon 27.5
lemon 5.1 lemon 27.5
lettuc 5.1 lettuce-unclassified
mustar mustard
okra okra
okra okra
orange 5.1 orange-unclassified 27.5
orgnav 5.1 orange-navel 27.5
orgval 5.1 orange-valencia 27.5
peach 1.9 peach 20, ?
peach 1.9 peach 20. ?
plum 1.9 plum 20. ?
plum 1.9 plum 20. ?
sobean soybean
tobaco tobacco 20. ?
tomato tomato-unclassified 17. ?
wheat wheat
kd = crop not on file = ug/cm2
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In order to interpolate, extrapolate, and tabulate two-component (parent
and one metabolite) residue data from any single study to a preselected
criterion for re-entry days of specific interest to this report, a generalized
four compartment submodel was investigated. This submodel is depicted
diagrammatically in Figure Fl. Conceptually, this submodel assumes that
the initial parent residue is partitioned on the leaf into fast and slow
decay compartments. Each of these compartments can decay by two routes; it
can either become a metabolite (e.g. oxon) or become nonmeasureable (e.g.
by vaporization, hydrolysis, leaf absorption, etc). One additional route
attributable to material in the fast decay compartment is a transition by
various mechanisms from the relatively unstable (fast) compartment into the
environmentally protected (slow) decay compartment. The metabolite is also
partitioned into two parallel fast and slow compartments both initially and
as a result of decay from the parent, and both metabolite compartments are
susceptable to transitional pathways identical to their corresponding
parent compartments.

In nature, the partitioning is dictated by natural forces. In a model,
the partitioning is accomplished by fitting coefficients of the equations
characterizing each compartment and pathway to the experimental data .
Pesticide decay is most commonly characterized by first-order differential
equations, i.e. that the rate of decay is proportional to the amount material
present (e.g. Popendorf and Leffingwell, 1978). The subscript numbers
assigned in Figure Fl were chosen pragmatically to permit the modelling of
single component pesticides (those without measureable metabolites) by only
the first 5 coefficients, versus 12 for two component (four compartmet)
residues. Thus, the amount of material present in each compartment is
designated as follows:

APPENDIX F: A Generalized Pesticide Decay Model Computer Program.

fast compartment slow compartment
parent a, a,
metabolite an a,
The corresponding kinetic coefficients were designated as follows:
fast compartment slow compartment
parent to a2 a5
nonmeasureable
parent fast a, .-
to slow
parent to a a
metabolite 6 10
metabolite fast a, --
to slow
metabolite to ag ag
nonmeasureable

A generalized pesticide decay FORTRAN computer program was developed
during this study to fit the coefficients to the reported data. A number of
difficulties were encountered with this approach, among which were that it was
time consuming (requiring considerable operator interaction), the data was
often sparse or did not include initial residues, and the improvements in
smoothing the variability among reported residues within any one study was
outweighed by the much larger variability between studies for any given
pesticide. Nonetheless, the following program can estimate the coefficients of
the model described above.
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"fagt" "slow"
Parent Parent
a
Al 3 A4
\2\ as
a6 nonmeasureable a10
Y 28 29 Y
"fast" Yslow"
Metabolite Metabolite
_>.
27
Al A2

Figure F1. Schematic diagram of generalized pesticide
decay model with zero or one metabolite. Coefficients

defined as used in accompaning algorithm.
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APPENDIX F

program REPA1O 3 5 6

.. EPA version qf Rose MAIN LINE PROGRAM '
. originally adapted from ROSENBROCK HILLCLIMB program 1n

'OPTIMIZATION TECHNIQUES WITH FORTRAN'
J.L. KUESTER & J. MIZE PG 386.

. THIS SPECIAL HILLCLIMB PACKAGE WAS WRITTEN FOR RESIDUE DECAY ANALYSIS

with a model of 10 coefficients.

.. MODIFICATIONS FOR IBM 1130 BY W. POPENDORF (1974)
. further modifications in lower case for FORTRAN 77 by W. Popendorf (1984)

USE IN GOOD HEALTH.

. THE FOLLOWING VARIABLES can be read from a special RPRAM file

{defaults are provided for in all cases following line 36]:

LOOPY = MAXIMUM NUMBER OF STAGES TO BE CALCULATED (10 to 20 IS GOOD)
NCOEF = NUMBER OF COEFFICIENTS (UNKNOWNS) WITH FIRST GUESSES
[usually set to 0 to use defaults]
NOASK = an index setting logical LASK to bypass user options after
selecting filenames, thus operating in an unattended batch mode
NSTEP = STEP SIZE CONTROLER: 0 FOR ORIGINAL STEP SIZE AFTER ROTATION

1 FOR RETENTION OF SIZE PRIOR TO ROTATION
PR = NUMBER OF STAGES BETWEEN PRINTED OUTPUTS [3 is default];
' A stage is when all E's have reversed direction twice.
Because 2 is an even number, this routine has a tendancy to
overestimate all coefficients (which for pesticide decay tends
to underestimate especially oxons); so it is better to
underestimate the value of each first guess.
delF = THE ACCEPTABLE LIMITING DIFFERENCE IN THE OBJECTIVE FUNCTION
BETWEEN PRESENT AND PRIOR STAGE [1.0E-6)
EV = Sets VECTOR OF INITIAL STEP SIZES [ 0.01 J;
original ROSE permitted setting individual E's.

. the following are PROGRAMMED VARIABLEs

DA = A GENERAL STORAGE VECTOR (MAX LENGTH LIMITED BY DIMENSION)

DELE = THE MINIMUM STEP SIZE BEFORE PLOTTING RESULTS FOR USER

LA = MAXIMUM NUMBER OF NCOEF PERMITTED BY ARRAY LIMITS AS WRITTEN
MM = 41 FOR MAXIMIZATION.... -1 FOR MINIMIZATION

NCC = NUMBER OF VARIABLES PLUS IMPLICIT CONSTRAINTS (SPECIFIED BY CX)
N = NCC (see line 40 - 2)

NinDA = NUMBER OF DATA POINTS TO BE READ AND STORED IN DA

NIV = NUMBER OF INPUT VARIABLES (KNOWNS) WITHIN STORED DATA SET

NPAR = MAXIMUM NUMBER OF DA PERMITTED BY ARRAY LIMITS AS WRITTEN

X = MULTIPLICATION or Scaler FACTORS UPON FIRST GUESSES;

these are the variables actual optimized.

. INPUT FILE SPECIFICATION (same file as for “REEN')

chem = name of chemical (abbreviated) A8
(see LDvals file for abbreviation code)

nart article number I2

ndset dataset number I2

nox
loc

number of oxons or other metabolites reported Il
location by state (except for CA: location by A3
region within state, eg.
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+

crop =
igph =

form =

aia =
gpa =
ex =

unit =

nside =

dapp
mapp
vapp
ncomc
npun
isd

comm
lox
nsam
dpa
res

sd

INTEGER
REAL
real

integer
real

AZ = Arizona

CA = California
CAi = Imperial Valley, CA
CAs = Southern CA
CAv = Central Valley, CA

FL = Florida

SC = South Carolina
TX = Texas

WA = Washington

crop code (see cropco file)
blank (0) if data are from a table,

1 if data points are taken from a graph
formulation (eg. 8EC, 25WP. etc.)

CP = encapsulated

EC = emulsifiable concentrate

WP = wettable powder
active ingredient per acre (lbs./acre)
gallons water per acre
extraction solvent used:

blank/default = aqueous

1 = hexane 4 = Me chloride

2 chloroform 5 = benzene

3
units reported

blank/default = ug/cm2

1 = ng/cm2 3 = ppm
2 = mg/m2 4 = other
number of sides of leaf used to calculate
residue
1 = 1 side 2 = 2 sides

day of application

month of application

year of application

number of comment cards, up to 6
number of punches total

blank if standard deviation not given,
1 if given

comment line

metabolite name

number of residue intervals measured
days post application

residue value, in units as given in
original data set

standard deviation, if given

PR,NE(10)
LC,DA(120)

toluene 6 = other (see comments)
»

A6
I1

A4

F5.
F4.
Il

onN

Il

Il

12
A3
I2
Il
I3
I1

A80O
A30
I2
F4.0
F6.0

F6.0

AL(10),B(10,10),BX(10),D(10),E(10),EINT(10),H(10),

PH(10),v(10,10),VV(10,10),X(10),Z(10)

ex, unit, dapp, yapp

dpa(15), res(15,3), sd(15,3), adif(3),pdif(3)
character®l file
character*3 loc, mapp
character*4 form
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character*6 crop

358

character*8 chem

character®12 input, output, newin
character*30 lox(2)

character*80 spec, comm(6), data(l5)
logical 1file,lask,init,term

unit specifier for input filename

" " " output ' wvarious fit results
" " " user (screen and console)

new input file with coefficients
" " rpram " " (rose parameters)

open (npram,file='rpraml0')

(nu,1003)

format (' Type pesticide INPUT filename, up to 12 characters:')
(for code, see LDvals library file)...

(nu,1004) input

((input .eq. 'quit').or.(input .eq. 'exit').or.

C.... ni=
C.... NO =
Cieeo nu =
Cevee NX =
C.... npram =
NU =0
NI = 2
NO =3
NX = 4
NPRAM = 5
maxc = 8
2 write
1003
C....
read
1004 format (al2)
if
+

(input .eq. 'stop').or.(input .eq. 'end')) go to 30000

1006 format (al)

open

(ni, file=input)

rewind ni

XV

write

= 0.0

(nu,1007)

1007 format (/,' A duplicate inputfile SHALL be created herein with new
+ model coefficients',/,' Type NEW filename, up to 12 characters:')

1008

1009

20

read
open

write

(nu,1004) newin
(nx, file=newin, status='new')

(nu, 1008)

format(/,' Do you want model results also written to disk? Y/N ')

read

(nu,1006) file

call yes(file,1file)

if

write

(.not. 1file) go to 20

(nu, 1009)

format (' Type general OUTPUT filename, up to 12 characters:')

read
open

(nu, 1004) output
(no, file=output, status='new')

rewind no

continue

read

. reading data specification line

(ni,2001,end=24) chem,nart,ndset,nox,loc,crop,igph,form,
aia,gpa,ex,unit,nside,dapp,mapp,yapp,ncomc,
npun, isd
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write (nu,2001 ) chem,nart,ndset,nox, loc,crop,igph, form,

+ aia,gpa,ex,unit,nside,dapp,mapp, yapp,ncomc, 3 59
+ npun, isd

2001 format (a8,1x,2(I2,1x),il,1x,a3,1x,a6,1lx,il,1x,a4,1x,£5.2,1x,£f4.0
+ J1x,3(il1,1x),i2,1x,a3,1x,i2,1x,1i1,1x,1i3,1x,il)

backspace ni

read (ni,2002) spec

nres = nox+l

NCOEF = 4+(2*nox)

if (nsam .eq. 2 .and. nox .eq. 0) NCOEF=2

C.... reading up to 6 comment lines
read (ni,2002) (comm(i),i=1,ncomc)
write (nu,2002) (comm(i),i=1,ncomc)
2002 format (a80)
C.... reading the name of the oxons or other metabolites
C.... and model coefficients 9 and 10
read (ni,2003) lox,da(9),da(10)
write (nu,2003) lox,da(9),da(10)
2003 format (2a30,2el10.4)
C.... reading the number of samples in the following set of data,
C.... also the number of previous runs and goodness of fit indices
read (ni,2004) nsam,nruns,(pdif(k),k=1l,nres),(adif(k),k=1,nres)
write (nu,2004) nsam,nruns,(pdif(k),k=1,nres),(adif(k),k=1,nres)
2004 format (I2,i3,6el0.4)
C.... reading residue data ...
do 21 j = l,nsam
read (ni,2005) dpa(j),(res(j,k),sd(j,k),k=1,nres)
write (nu,2005) dpa(j),(res(j,k),sd(j,k),k=1,nres)
backspace ni
read (ni,2002) data(j)
21 continue
2005 format (£4.0,1x,6(£6.0,1x))
.. reading model coefficients 1 - 8
. do-loop sets da = previous A (or Z)
++.. unless this is the first run of program with new data (pesticide) file
... then loop sets da = 0 in preparation for subroutine "TX".
DO 22 i = l,maxc
if (xv .ne. 1.0) 2(i)=0.0
da(i) = 2(i)
22 continue
if (nruns .eq. 0) go to 23
READ  (NI,2006) (DA(i),i=1,maxc)
write (nu,2006) (DA(i),i=l,maxc)
2006 FORMAT (8E10.4)

e NeNeNe

23 if ((nsam*nres) .ge. ncoef) go to 35
write (no,1013) nart,ndset
write (nu,1013) nart,ndset
1013 format (' The data for article',i3,' dataset',i2,

+ ' are insufficient to model!')
go to 20
24 write (nu,*) 'Reading end of old input datafile.'
go to 2
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C.... subroutine to convert data to ug/cm2 projected area 360

C.... units may be nonstandard and must be individualy converted.
35 call units(res,sd,nsam,nres,unit,nside,crop)
if (unit .lt. 4) go to 36

write (no,1014) nart, ndset
write (nu,l1014) nart, ndset .
1014 format (' Nonstandard units in article',i3,' dataset',i3./,

+ ' - further calculations are discontinued!')
go to 20
36 continue
CALL tx(DA,dpa,res,nsam,nres,ncoef) dededek
lask = .true.
rewind npram
read (npram,4001) loopy,nco,noask,nstep,pr,delF,ev
4001 format (5i2,2£10.9)
if (loopy .eq. 0) loopy = 20
if (nco .ne. 0) ncoef = nco
if (noask .eq. 0) lask = .false.
if (nstep .ne. 0) nstep = 1
if (pr .eq. 0) pr =3
if (delF.eq. 0.0) delF = l.e-6
if (ev .eq. 0.0) ev = 0.01
LA = 10
dele = l.e-8
MM = -]
NCC = ncoef *
next =1 %
niv = 2+nox %
NinDA = NCOEF+(nsam*niv) %
37 CONTINUE %
XV = 1.0 %
DO 200 K = 1,maxc #
E(K) = EV %
X(K) = Xxv %
Z(K) = 0.0 %
200 CONTINUE %
300 CONTINUE %
WRITE (nu,3013) nart, ndset,ncoef,nsam,chem,crop *
3013 FORMAT (///,' Article Number',I3,', data set #',I3,/,' Results of'%
+,13, ' coefficient decay model for ',i2,1x,a8,' sample points on '*
+Ia6' ', ') %
if (.not. 1file) go to 39 *

¥

write (no,3013) nart, ndset,ncoef,nsam,chem,crop

C.... pseudoORIGINAL ROSE BEGINS HERE

39 INIT = .true.
TERM = .false.
LAP =0
LOOP =0
KOUNT =0
Fl = 0.0
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C..

40

61

60

62

64

1020

DO 40 K
AL(K)
DO 60 J
DO 60 I= 1,NCOEF

v(I,J) = 0.0

IF (I-J) 60,61,60
V(I,J) = 1.0

CONTINUE

DO 62 K= 1,NCOEF
EINT(K)= E(K)

CONTINUE

1,NCC
(CH(X,DA,NCC,NinDA,K)-CG(X,DA,NCC,NinDA,K))*.001

1,NCOEF 361

. . . . . . - . . . - . . . . . . . . . . . . .

continue .
write (nu,1020) *
format (' Stage/Limit Stage/Print_Limit #_F._Evals. Avg._F_Error*

+ Avg._Step_Size') *

65

C...s

C.

P ]

b

» *

66
67
70

80
90

95
100

110

120

122

125

130

DO 70 K = 1,NCOEF

line 65 starts new stage

Nstep=0 means return to original step size (EINT) after rotation
IF (NSTEP-0) 67,66,67

E(K) = EINT(K)

NE(K) =0

D(K) = 0.0

FBEST = Fl

an implicit loop on I from 1 to ncoef starts here, ends line 44].
I =1

IF (INIT) go to 120

DO 95 K = 1,NCOEF

X(K) X(K) + E(I)*V(I,K)

DO 110 j 1,ncoef

XC CX(X,DA,NCC,NinDA,J)

LC CG(X,DA,NCC,NinDA,J)

uc CH(X,DA,NCC,NinDA,J)

if (xc .le. lc) go to 420

if (xc .ge. uc) go to 420

continue

Fl = MM * F(X,DA,NCOEF,NinDA,NIV,dpa,res,nres,nsam)
KOUNT = KOUNT + 1

IF (INIT) FO=MM*1.E+38

IF (ABS(FBEST-F1) .le. delF) go to 125

TERM = ,true.

GO TO 450

CONTINUE

. an implicit loop on J from 1 to ncoef starts here, ends line 211. . .

J =1

h(j) = f0

the following section preceded by * was bypassed from the original prog.
BW = AL(J)

XC = CX(X,DA,NCC,NinDA,J)
LC = CG(X,DA,NCC,NinDA,J)
uc = CH(X,DA,NCC,NinDA,J)
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. remember, F1=MM*F. FO=lastFl, and MM=-1 for minimum error fit;
. thus, it is desired that Fl be .gt. FO; else, change direction.
IF (F1 .1lt. FO) go to 420

IF (XC .1t. (LC+AL(J))) go to 160

* 160
%

< 170

= 180

* 190

* 210

* 211

220

230

1240

.. AXES ROTATION
.. BMAG = progress
. BBMAG = lateral progress

250

265
260

280

310

320

IF (XC .gt. (UC-AL(J))) go to 170

GO TO 210

PW = (LC+BW-XC)/BW

GO TO 180
PW

IF (NE(I) .EQ. 0) NE(I) =1

(XC-UC+BW)/BW
1.0-3.0%PW+4 . 0%PW*%2-2 , 0+PW**3

211,220,211

PH(J) =
F1 = H(J)+(F1-H(J))*PH(J)
CONTINUE
IF (J-NCC)
J = J+l
GO TO 130
. end of implicit J loop .
INIT = .false.
D(I) = D(I)+E(I)
E(I) = 3.0%E(I)
FO = Fl

DO 240 K = 1,NCOEF

IF (NE(K) .LT. 2) GO TO 440
. note a "stage' is when ALL X advances have changed direction twice.

CONTINUE

DO 250 K1
DO 250 K2
VV(K1,K2)
DO 260 K1
DO 260 K2
DO 265 K3
VV(K1,K2)
B(K1,K2)
BMAG

DO 280 K -
BMAG
CONTINUE
BMAG
BX(1)

DO 310 K
Vv(1,K)

DO 340 K1
DO 340 K2
SUMVM -
DO 330 K3
SUMAV
DO 320 K4
SUMAV

1,NCOEF
1,NCOEF
0.0
1,NCOEF
1,NCOEF
K1,NCOEF

. . to line 420 .

D(K3)*V(K3,K2)+VV(K1,K2)

VV(K1,K2)
0.0
1,NCOEF

BMAG+B(1,K)*%*2

SQRT(BMAG)
BMAG
1,NCOEF

B(1,K)/BMAG

2,NCOEF
1,NCOEF
0.0
1,K1-1
0.0
1,NCOEF
5
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330
340

350

360

399

1021

C....
C....
C....
C....
420
421
430

440
441

C....
450

455
C....

3005

SUMVM = SUMAV®*V(K3,K2)+SUMVM
B(K1,K2) = VV(K1,K2)-SUMWM
DO 360 K1 = 2,NCOEF

BBMAG = 0.0

DO 350 K2 = 1,NCOEF

BBMAG = BBMAG+B(K1,K2)*%2
BBMAG = SQRT(BBMAG)

DO 360 K2 = 1,NCOEF

V(K1,K2) = B(K1,K2)/BBMAG

EA = 0.0

DO 399 k = l,ncoef

EA = EA + abs(E(k))
continue

EA = EA / ncoef

Ferr = FO / (nsam*nres)
LOOP = LOOP+1

LAP = LAP+]

write (nu,1021) loop,loopy,lap,pr,kount,Ferr,EA

bR L SEE K <)

%

*

format (3x,i2,' / ',i2,5x,i3,' /',12,10x,15,8x,1pel2.5,5x,1pel2.5)%

IF (LAP-PR) 65,450,65

363

line 420 etc either (1) lists coefficients and indicates starting point

has violated constraints if INIT is true, or

(2) undoes array step advance (E) and reverses E(I) 2/3 of a step.

IF (INIT) go to 450

DO 430 K = 1,NCOEF

X(K) = X(K) - E(I)*V(I,K)

E(I) = -E(I)/2.

IF (abs(E(I)) .1lt. DELE) go to 122
IF (NE(I) .ge. 1) NE(I) = 2
GO TO 230

CONTINUE

IF (I-NCOEF) 441,80,441

I = I+l

GO TO 90

end of implicit I loop . « « « « « « & o o o &
continue

DO 455 I = 1,NCOEF
(1) = X(I)*DA(I)
PRINT CURRENT VALUES OF X AND Z (COEFFICIENTS)
WRITE (nu,3005)

FORMAT (/,' Scalers to lst Guesses, Model Coefficients,

+tep Sizes')

WRITE (nu,3006) (I,X(I),I,Z(I),I,E(I), I=1,NCOEF)

and S*

3006 FORMAT (:,4X,2HX(,Il1,4H) = ,0pF10.6,5X,2HA(,I1,4H) = , 1PEll.4,
3X,2HS(,I2,4H) = , 1PE12.4)

+

LAP = 0
461 IF (INIT) go to 470
462 IF (TERM) go to 480

463 IF (LOOP-LOOPY) 64,480,480
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C

470

/

WRITE (nu,007)
FORMAT (///, 2X,

+ 'THE STARTING POINT APPEARS TO HAVE VIOLATED THE CONSTRAINTS')

480

3003

3004

e " .

C....
C....

601
605

Covts

C.

607
3021

611

612

3023

XV = 0.0
go to 37

CONTINUE

if (.not. 1file) go to 60l

WRITE (NO,3003)

FORMAT (' At exit',/,2X,SHSTAGE,4X,8HFUNCTION,5X,8HPROGRESS, 5X,
+ 16HLATERAL PROGRESS,3X,'# of F EVALS.' )

WRITE (NO,3004) LOOP,FO,BMAG,BBMAG,KOUNT

FORMAT (1H ,I4,3E15.5,10x,15)

WRITE (NO,3005)

WRITE (NO,3006) (I,X(1),1,2(I),I,E(I), I=1,NCOEF)

This section TO LIST AND PLOT THE MEASURED AND PREDICTED VALUES.
THE TELL SUBROUTINE WAS DEVELOPED DURING THE INITIAL PLANNING (1974),

BUT RPI WAS DEVELOPED FROM 'DKRP' DURING 1976. SEE PROGRAM DK.

continue

CALL RP1 ( z,ncoef,dpa,res,nsam,nres,nart,ndset ,next,1file)

CALL TELL (da,z,ncoef,dpa,res,nsam,nres,nart,ndset,next,lfile,
+ adif,pdif)

ask if coefficients are OK, then
recalulate if necessary or go on to next set of data
if (lask) go to 611

write (nu,3021)

format (' Type ''#'' of any coefficient you wish to reset,',
+ /," a ''11'' if you wish to reoptimize from here, or',
+ /,! a ''0'" if this is OK and to continue:' )

read (nu,*) next
next = next +l]
go to (611,612,612,612,612,612,612,612,612,612,612,619), next

. the following write statements recreate the specification line,
. comment line(s), metabolite-name line, sample-number line,
. residue lines, and coefficient lines, respectively.

nruns = nruns+l

write (nx,2002) spec

write . (nx,2002) (comm(i),i=1,ncomec)
write (nx,2003) lox,z(9),z(10)

write (nx,2004) nsam,nruns,(pdif(k),k=1,nres),(adif(k),k=1,nres)

write (nx,2002) (data(i),i=l,nsam)

write (nx,2006) (z(j),j=l,maxc)

next =20

CALL RP1 ( z,ncoef,dpa,res,nsam,nres,nart,ndset,next, 1file)

CALL TELL (da,z,ncoef,dpa,res,nsam,nres,nart,ndset,next,1file,
+ adif,pdif)

go to 20

next = next - 1
write (nu,3023) next,z(next)
format (' The current value of coef(',i2,') = ',lpel0.4,/,

87
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+

613

614

' Type the desired new value; minus value to end')

read (nu,®) z(next)
a "backdoor" exit with filesave is provided here for user to manually
. set any coefficient to a MINUS value. Use it in good health. 365
if (z(next)) 615,613,614
z(next) = da(next)*x(next)
go to 607

da(next)= z(next)
x(next) = 0.0
write (nu,3024)

3024 format (' Type ''##'' of another coefficient you wish to reset,',
+ /,' a ''11'' to see fit with reset coefs, or',
+ /,' a ''"0'' to reoptimize from here,' )

615

read (nu,*) next
next = next +1
go to (619,612,612,612,612,612,612,612,612,612,612,605), next

z(next) = da(next)*x(next)
nruns = nruns+l

write (nx,2002) spec

write (nx,2002) (comm(i),i=l,ncomc)

write (nx,2003) lox,z(9),z(10)

write (nx,2004) nsam,nruns,(pdif(k),k=1,nres),(adif(k),k=1,nres)
write (nx,2002) (data(i),i=1,nsam),

write (nx,2006) (z(j),j=1,maxc)

next = 0

CALL RPl ( z,ncoef,dpa,res,nsam,nres,nart,ndset,next,lfile)
CALL TELL (da,z,ncoef,dpa,res,nsam,nres,nart,ndset,next,lfile,

+ adif,pdif)

619

620

go to 2

next = 1
DO 620 j = 1,ncoef

if (x(j) .ne. 0.0) da(j)=da(j)*x(j)
go to 37
. A few notes on the logic of '"next"

initially set next = 1 at line 36+7.

in RP1 line 130+42: if next=0 (and other conditions) the plot is copied
onto file NO for later examination.

in TELL line 142: unless next=0, results will not be written to file NO;

line 96: if next=0, model error is not typed to the screen (in

otherwords, next should = 0 only on last pass thru TELL)

in REPA line 607+1: read next from screen, il, therefore -1<next<10;

607+2: next=next+l and used in computed goto;

if next=0, next reset=0,
call TELL (for final output),
goto 20 and on to 36+7 as initially run;

if O<next<9, a new coefficient is specified by user, and
next is reread at line 614+2 (similarly to 607+l above);
here if next=0, program is routed thru RP1 and TELL with
next=1 without resetting any other parameters, cf. below;

if next=9, line 619: next=l, goto 37 to continue optimization.

0000 STOP 'Have a good day'

END
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a0 00

(@]

[eNoNeoNoNeoNe]

12

13
15

16
17

18
19
20

ooooo

subroutine units (res.sd,nsam.nres.unit,sides.crop)

. to convert residue units to ug/cm2 and l-side (projected area)

unit = units reported
blank/default = ug/cm2

1 = ng/cm2 3 = ppm

2 = mg/m2 4 = other
integer sides, unit
real res(15,3), sd(15,3)

character®6 crop

if (unit .eq. 0) go to 17
do 16 k=l,nres
do 15 j=l,nsam
if (unit.gt.l) go to 12
res(j,k) = res(j,k)/1000.
go to 15
if (unit.gt.2) go to 13
res(j,k) = res(j,k)/10.
go to 15
if (unit.gt.3) go to 20
call conppm (res,sd,crop,unit,nsam,nres)
continue
continue
if (sides.ne.2) go to 20
do 19 k=l,nres
do 18 j=1,nsam
res(j,k) = res(j,k)*2.
continue
continue
continue
return
end

Subroutine conppm (res,sd,crop,unit,nsam,nres)

. to convert ppm to ng/cm2

integer unit
dimension res(15,3), sd(15,3)
character®6 crop

. for now, hand calec...

write (nu,*) ' residue data must be converted from ppm'

unit = 9

return

end

subroutine tx (da,dpa,res,nsam,nres,ncoef)

to provide preset guesses into DA as a first starting point

if the coefficients in input datafile were zero (previously

estimated coefficients will be used after the first dset), and

to copy dpa and residue data into remaining DA array expected by ROSE;
in the process, it is assumed that any dpa=0 (exactly) can in reality
be no less than 0.1 (or two hours post application).

real da(120),dpa(15),res(15,3),wag(10)
data wag/l.,.3,.3,.3,.05,.1,.3,.05,.05,.1/

89
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if (da(l) .ne. 0.0) go to 20

do 10 k = l,ncoef
da(k) = wag(k)

10 continue

20 do 30 j = l,nsam
k = ncoef+l+((l+nres)*(j-1))
da(k) = dpa(j)
do 30 i = l,nres
da(k+i) = res(j,i)

30 continue
if (dpa(l) .eq. 0.0) da(ncoef+1)=0.1
return
end

Citiiteeceneceesanesssosessnanncsasnssnensna ceecsetssessesasatacesenaans

" FUNCTION F(X,DA,N,NinDA, NIV dpa,res,nres,nsam)
DIMENSION X(10), DA(120) A(10), dpa(lS) res(15,3)
DO2I=1,N
A(I) = DA(I)*X(I)

2 CONTINUE
FX = 0.

C>>>>>USER WORKING AREA....cccveenn <€ <<€<< L LLLLLLLLLLLLLLLLLLLLLLLLL

27 CONTINUE
A23 = a(2)+a(3)
A234 = A23 +a(4)
A56 = a(5)+a(6)
A78 = a(7)+a(8)
Alx3 = a(l)*a(3)
Al3d6 = Al1x3/(A56-A234)
Alx4 = a(l)*a(4)
Al4d8 = Alx4/(A78-A234)

if (nres .gt. 3) STOP 'NRES error in FUNCTION F'

DO 70 i= 1,n
di = dpa
if (dpa(i) .

go to (55,53,
51 Stop 'No model is provided for 2 metabolites!'

53 F2 =

+(((a(7)*A1
+((a(6)*(a(

IF (res(i,2)

+ 4+ 4+ 4

+ FX = FX + exp(ABS(alog(res(i,2)/F2))) -1.

55 Fl = (a(

sam
(i)

eq. 0.0) di=0.1
51),nres

(A14d8*(exp(-A234%di)-exp(-A78 *di)))
+ +(((a(7)*A14d8)+(a(6)*A13d6))*(exp(-A234*di)-exp(-a(9)*di))/

4d8/(a(9)-A78)))
10)-A13d6))

.gt. 0.0 .and. F2 .gt. 0.0)

1) *exp(-A234%di))

(a(9)-A234))

%*(exp(-A78 *di)-exp(-a(9)%di)))
*(exp(-AS56 *di)-exp(-a(9)*di))/

(a(9)-A56))

+ + (Al3d6%*exp(-A234%di)) + ((a(10)-A13d6)*exp(-A56%di))

IF (res(i,l)

70 continue
C>>>>>USER WORKING
1 CONTINUE
F =FX
RETURN

END

.gt. 0.0 .and. Fl

AREA...... .40, <€LLLLLLLCLLLLLLLLLLLLCLLLLLLLLLLLCLLLLKLKL
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FUNCTION CX(X,DA,N, N1nDA K)
DIMENSION X(10), DA(120)

= X(K)
RETURN

FUNCTION CG(X,DA,N,NinDA,K)
DIMENSION X(10),DA(120)
= 0.0
RETURN
END

FUNCTION CH(X,DA,N, N1nDA K)
C.... to limit the upper bounds of X
DIMENSION X(10),DA(120)

Go TO (10,10,50,50,100,50,100,10,50,10),K

10 CH = 10.
RETURN

50 CH = 50.
RETURN

100 CH = 100.
RETURN

SUBROUTINE RP1 (a, ncoef X,yor,nsam,nres,nart,ndset,next,l1file)

character*] MARK(8), LINE(62,16)

real x(15),y(15,3),yor(15.3),a(10),vx(7)

logical 1lfile

C.... 1 2 3 4 5 6

DATA MARK/'+','o0', “ff', ¢t t txt 1
TLOG(X)=ALOG(X)/2.30258

NU
NO

0
3

C.... on the last pass thru RP next will = 0,

C.... resulting in plot printed onto

if (( next .eq. 0) .and. 1file ) nu = no

C.... line marks for Blank, Asterisk, Dot, hyphon, etc.

'output' instead of user screen.

C.... limits of vertical Y axis and horizontal X axis are set and arrays + 1

LB =4
LA =35
LD =6
LH =7
LT = 8
1x = 50
1y = 15
lpx = 1x+1
lpy = 1ly+l

WRITE (nu,205) nart, ndset

205 FORMAT (//,' PLOT: article',i3,’',
+': Parent lst-Metab. 2nd-Metab.

+'SYMBOLS Measured: +
+,19x, 'Modelled: -

APPENDIX F: page
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9000000000000

43
45
47

51
52
53
54
55
56
57
58
59
60

[=)]
(WS

. the following finds max and min (greater than zero) residues reported

YMAX = -1.0E30
YMIN = 1.0E30
DO 47 L = 1l,nsam
DO 47 M = ] ,nres

v(l,m) = 0.0
if (yor(l,m) .le. 0.0) go to 47
v(l,m) = tlog(yor(l,m))

IF (y(1,m) .gt. YMAX) YMAX = y(1,m)
IF (y(l,m) .1lt. YMIN) YMIN = y(1l,m)
CONTINUE

vy = tlog(a(l)+a(7))

if (yy .gt. YMAX) YMAX = vy
x1ll = (0.

xul = fnext2(x(nsam))

YUL = FLOAT(IFIX(YMAX+1.))

YLL = FLOAT(IFIX(YMIN))

if (YMIN .1lt. 0.0) YLL = YLL-1.

. we want yul-yll to be either 1,3,or5 orders-of-magnitude (logs of Y)
... to be spaced convenie:tly on the screen.
50

logy = ifix(yul-yl1+.0001)

if (logy - 1) 54,59,52
if (logy - 3) 54,60,53
if (logy - 5) 54,60,59
IF (ABS(YUL-YMAX)-ABS(YMIN-YLL)) 55,57,57
YUL = YUL+1.

GO TO 50

YLL = YLL-1.

GO TO 50

logy =5

continue

kl = ly/logy

YI
X1
continue

(YUL-YLL)/1ly
(XUL-XLL)/1x

The following bigins plotting array "line"
with i subscript for row

j subscript for column

k index for X and Y labels

L subscript for samples

M subscript for residues within samples
characters start blank
borders are added (dots and pluses) in lines 64-68
reported data are scanned and added in lines 68-91
the model is run and dots are added when in plot in lines 91-110

MARK 1 2 3 4 5 6 7 8

l+|.l°l'l#l’l |'|*I.I.l'l_l’|xl
DO 64 I = 1,lpx

DO 64J =1,lpy
LINE(I,J) = MARK(LB)
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64 CONTINUE
DO 651 =1,1lpx
LINE(I,1) = MARK(LD)
LINE(I,lpy)= MARK(LD)

65 continue
Do 661 =1,1px,5
LINE(I,1) = MARK(1)
LINE(I,lpy)= MARK(1)

66 continue
DO 67 J = 1,1lpy
LINE(1,J) = MARK(LD)
LINE(1lpx,J)= MARK(LD)

67 continue
DO 68 J = 1,1py,kl
LINE(1,J) = MARK(1l)
LINE(1lpx,J)= MARK(1)

68 continue

. mark the model initial parent with an x

vy = (yy-YLL)/YI
J = lpy-ifix(round(yy,0))
LINE(1,J) = MARK(LT)
DO 91 L = l,nsam
XX = (x(L)-XLL)/XI
I = 1 + ifix(round(xx,0))
if ((I .1t. 1) .or. (I .gt. lpx)) go to 91
DO 90 M = l,nres
if (yor(L,M) .le. 0.0) go to 90
LM =M
vy = (y(L,M)-YLL)/YI
J = lpy-ifix(round(yy,0))

if ((J .1t. 1) .or. (J .gt. lpy)) go to 90
IF (LINE(I,J) .ne. MARK(LB)) LM=LA

LINE(I,J) =

90 continue

91

27

153

continue

MARK(LM)

find values of model
DI = x interval (i.e. day post-application)
PYn = plotted value of model at DI

CONTINUE

A23 = a(2)+a(3)
A234 = A23 +a(4)
AS6 = a(5)+a(6)
A78 = a(7)+a(8)
Alx3 = a(1)*a(3)

Al13d6= Al1x3/(A56-A234)
Alx4 = a(l)*a(4)
Al4d8= Alx4/(A78-A234)

DO 110 I =1,

1px

DI = XI*FLOAT(I-1)
go to (155,153,151),nres
151 Stop 'No model is provided for 2 metabolites!'

F2 =

(A14d8*(exp(-A234%di)-exp(~A78 *di)))

+ +(((a(7)*A14d8)+(a(6)*A13d6) )*(exp(-A234%di)-exp(-a(9)*di))/

APPENDIX F: page 17 of 22 93

X1

370



+ 4+ + 4+

+(((a(7)*A14d8/(a(9)-A78)))
+((a(6)*(a(10)-A13d6))

155 F1 = (a(1) *exp(-A23a*di))
+ (A13d6%exp(-A234%di)) + ((a(10)-A13d6)*exp(-A56%*di))

+

100

110
111

if (F1 .le.

0.0) go to 100

PYl = TLOG(F1)
vy = (PY1-YLL)/YI
J = lpy-ifix(round(yy,0))

if ((J .1t.

1) .or. (J .gt. 1lpy)) go to 100
IF (LINE(I,J) .eq. MARK(LB)) 1line(I,J) = mark(LD)
if (DI .le. 0.0 .or. F2 .le. 0.0) go to 110

PY2 = TLOG(F2)

vy = (PY2-

YLL)/YI

J = lpy-ifix(round(yy,0))

if ((J .1t. 1) .or. (J .gt. lpy)) go to 110
IF (LINE(I,J) .eq. MARK(LB)) line(I,J) = mark(LH)

CONTINUE
CONTINUE

k = kl-1
nkl = 0

«.. DUMMY K STARTS=kl-1 AND PUTS unit labels
. ON EVERY 3RD or STH Y, AND 10TH X

121

122

DO 125 J =

k = k+]
if (k-kl)
if (J .le.

1,1py

121,123,121
ncoef+nkl) go to 122

WRITE (nu,206) (LINE(I,J),I=1,1lpx)

go to 125

nc = j-nkl

WRITE (nu,209) (LINE(I,J),I=1,1lpx),nc,a(nc)

go to 125

(a(9)-A234)) X2

*(exp(-A78 *di)-exp(-a(9)*di)))
*(exp(-A56 *di)-exp(-a(9)*di))/

(a(9)-A56))

. VY IS MANTISSA AND iPY IS CHARACTERISTIC ON BASE 10 LOG (TLOG)

123

125
206
209
207

130

208
150

k k-kl
nkl
YY
iPY
vY
vY

CONTINUE
FORMAT (1H
FORMAT (1H
FORMAT (1H
DO 130 I
VX(I)
VX(I)
CONTINUE

WRITE (nu,

FORMAT (1H
RETURN
END

nkl + 1

YLL + (float(lpy-j)*yi)
IFIX(ROUND(YY,0))
10.%%(YY-iPY)
ROUND(VY,2)

WRITE (nu,207) VY,iPY,(line(I,J),I=1,1px)

»12X,61A1)

,12X,51A1, 2x,'A',Il,'=',el0.4)

,1X,F5.2,' E',I3,1x,6lal)

1,7

XLL+(XI*10.*float(I-1))

ROUND(VX(I),1)

, 4X,7(5x,F5.1))

APPENDIX F: page
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function fnext2 (x)
. to find the next smallest multiple of x among 2,4,6,8,0rl0x

xd = (10.**ifix(alogl0(x)))
doln=1,5
fnext2 = 2.%float(n)*xd

if (fneth .ge. x) go to 2
1 continue
2 return
end
function round(r,i)
. where r=number to be rounded and
. i=intergers remaining after decimal
round = 0.0

n =1
r0 = 10.%%j
if (i .eq. 0) r0 = 1.
if (r) 11,9,1
1l n = -1
irl = r*r0%float(n)
2 il = ifix(rl)
3 r2 = rl-float(il)
4 if (r2-0.5) 8,5,7
53 = float(il)/2.
6 if (r3-ifix(r3)-.25) 7,7,8
7 il = jl+l
8 round = float(il*n)/r0
9 return
end
SUBROUTINE TELL (da,a,ncoef,dpa,res,nsam,nres,nart,ndset, next,
+ 1file,adif,pdif)

.. ROUTINE WILL LIST PREDICTED POINTS AND COMPARE THEM TO INPUTS
.. IT IS IDEALLY SUITED TO TIME SERIES DATA IN WHICH TIME IS FIRST
. USER MUST SUPPLY DEFINITIONS OF Fl, F2, F3, IN USER'S WORKING AREA

DIMENSION X(10), DA(120), A(10), dpa(15), res(15,3)
integer nnzr(3)

real pred(3),dif(3),pdif(3),chi2(3),adif(3)

logical 1lfile,lhold,match

nu =0
NO = 3
dol i = l,nres
PDIF(i) = 0.
CHI2(i) = 0.
ADIF(i) = 0.
nnzr(i) = 0
1 CONTINUE

. a Holding status is introduced into file to hold printing of model results
. until the last pass through TELL.
lhold = 1file
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if (next .ne. 0) 1file = .false.
if (.not. 1file) go to 23

WRITE (NO,100)

100 FORMAT (/,' MODEL RESULTS',7('.'),'parent',12('.'),1x,12('.'),

+
+
+

23

[eNeNe!

15
16

Cl...

18

20

C>>>>>THIS IS THE USER'S WORKING AREA...<<<<<<<<CLLLLLLLLLLLLLLLLLLLLLLL
C>>>>>WITHIN ITS BOUNDS, DEFINE pred(1)=0P, pred(2)=metabolite, etc.<<<<

27

51
53

+ 4+ + +

55

'metabolite(s)',10(*'.'),"'>",

TIME ', 2( 9HPREDICTED, 2X, 8HMEASURED, 3X, 9HPCT.DIFF.),

/!
/,' days', 2(5x,'ug/cm2',4x,'ug/cm2',8x,'%',1x))

CONTINUE
list = 61

.. PROGRAM REQUIRES INPUT DATA TO BE CHRONOLOGICALLY ORDERED
.. lastd SET AT 1.5 TIMES THE LAST INPUT TIME
. but list of days shall not exceed 61

lastd = IFIX(dpa(nsam)*1.5)

NT =1

IF ((lastd/NT)-1ist) 17,17,16
NT = 2%NT

GO TO 15

CONTINUE

i =0

A23 = a(2)+a(3)

A234 = A23 +a(4)

AS6 = a(5)+a(6)

A78 = a(7)+a(8)

Alx3 = a(l)*a(3)

Al13d6 = Alx3/(A56-A234)
Alx4 = a(l)*a(4)

Al4d8 = Alx4/(A78-A234)

This is a BIG ‘'double' (i and j) do loop down to line 90
DO 90 j=NT,lastd,NT

match .false.

DI FLOAT( j-NT)

if (i+l .gt. nsam) go to 20

if (dpa(i+l) .gt. float(j)-(.5%float(nt))) go to 20
i = i+l

DI = dpa(i)

if (dpa(i) .eq. 0.0) di=0.1

match = .true.

CONTINUE

CONTINUE
go to (55,53,51),nres
Stop 'No model is provided for 2 metabolites!'

F2 = (A14d8%(exp(-A234%di)-exp(-A78 *di)))
+ +(((a(7)*A14d8)+(a(6)*A13d6) )*(exp(-A234%di)-exp(-a(9)*di))/

(a(9)-A234))

+(((a(7)*A14d8/(a(9)-A78))) *(exp(-A78 *di)-exp(-a(9)*di)))
*(exp(-A56 *di)-exp(-a(9)*di))/

+((a(6)*(a(10)-A13d6))

(a(9)-A56))

pred(2) = F2

Fl1 (a(l) *exp(-A234%di))
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c
c
c
c
C
c
c
C
C
C
c
c
c

OO0 O0

+ +  (A13d6%exp(-A234%di)) + ((a(10)-A13d6)*exp(-A56%di))

pred(l) = Fl

THIS model WAS DEVELOPED TO ESTIMATE 7 COEFFICIENTS

PARENT P. = Pl + Pl
d(P)/d(t) = -(a2+a3+a4)*Pl + (a3*Pl) - (a5+a6)*P2
METABOLITE X = X1 + X2
d(X)/d(t) = a4*Pl + a6%P2 + (a3*X1l) - a2*Xl - a5%X2
AT t = 0.
P1(0) = Al
P2(0) = A7
X1(0) = X2(0) = 0.
TO model parent only, SET DA(4)=0.0

DA(6)=0.0

>>>>>THIS IS THE END OF THE USER'S WORKING AREA. . .<<<<<<K<<<<LLLLLLLLLKL

80

82

102
86

101
90

92

103
104

CONTINUE

if (.not. match) go to 86

. the following composite values are determined and reported
.. pdif = percent error in observed over expected
. chi2

. = sum of squares of dif (Chi-squared)
. adif = percent absolute error in observed over expected
do 82 k = l,nres
if (res(i,k) .eq. 0.0) go to 82
if (pred(k) .le. 0.0) go to 82
dif(k) = (pred(k)- res(i,k))/pred(k)
chi2(k) = chi2(k) + (dif(k)**2)
dif(k) = dif(k) * 100.
pdif(k) = pdif(k) + dif(k)
adif(k) = adif(k) + abs(dif(k))
nnzr(k) = nnzr(k) + 1
CONTINUE
if (.not. 1file) go to 18

WRITE (NO,102) di,(pred(k),res(i,k),dif(k),k=1,nres)
FORMAT ( F7.2.2x,3(:,1pe9.3,2x,1pE9.3,1X,0pf7.2,3x))
go to 18

if (.not. 1file) go to 90

WRITE (NO,101) DI,(pred(k),k=1,nres)

FORMAT (F7.2,2x,3(:, 1pE9.3,:,22X))

CONTINUE

do 92 k = 1l,nres

if (nnzr(k) .le. 0) go to 92
pdif(k) = pdif(k)/FLOAT(nnzr(k))
adif(k) = adif(k)/FLOAT(nnzr(k))
CONTINUE

if (.not. 1file) go to 96

WRITE (NO,103) (chi2(k),k=1,nres)

WRITE (NO,104) (pdif(k),k=1,nres)

WRITE (NO,105) (adif(k),k=1,nres)

FORMAT (/,14X, 'CHI SQUARE = ',2x,3(1pEl0.3,:,20X))
FORMAT ( 8X, 'MEAN 7 ERROR = ', 3(2pEl2.4,:,18x))
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105 FORMAT (  B8X, 'MEAN % ABS ERROR = ', 3(2pEl2.4,:,18X))

96 if (next .eq. 0) go to 98
write (nu,106) (k,pdif(k),k=1,nres)

106 format (' MEAN 7% ERROR: Res(',il,')=',f6.1,
+ 2(:,' Res(',il,')=',f6.1))
write (nu,107) (k,adif(k),k=l,nres)

107 format (' MEAN |%; ERROR: Res(',il,')=',f6.1,
+ 2(:,' Res(',il,")=',£f6.1))

98 1file = lhold
RETURN
END

subroutine yes (letter,choice)
character*] letter

logical choice

choice = .false.

if (letter .eq. 'y') choice = .true.
if (letter .eq. 'Y') choice = .true.
return

end
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Appendix G: Computer Program to Standardize Residues and Tabulate Responses

Using the Unified Field Model.

A short description of each symbol is given at the end of this

appendix (see also

program REEN

Cevwnn
c chem,nart,ndset, loc,
c dpa,(res(i),i=1,4),d
c

Purpose: To estimate ACh

residue. Estim

A compilation o
studies serves
various other c

0O000000000000000000000O020

Dose: D = kd*t*R/m
where D = dose, mg/kg
kd = crop specific dosing constant
t = duration of exposure (hrs)
R = residue, ug/cm2
m = body mass, = 70 kg (50 Zile man)
Response: dAChE = 1 - exp(-ke*D/LD50)
where dAChE = a fraction (%/100) of RBC cholinesterase
inhibited
LD50 = acute toxicity, mg/kg
ke = enzyme constant, = 6.0
€ RS R R e e A SR S s e s sk S s SR e 2SS e et s ek s s o e e K

integer ex, unit, dapp, yapp,
+ fileO, filel, file2, file3, file4, file5, fileb
real dpa(30),res(30,4),sd(30,4),LD50(4),dAChE(30),kd, leafd
character*] file,den,kdcom
character*3 loc, locrq, mapp
character®4 form
character*6 crop,croprq
character*8 chem,chemrq

character*12 input,outpu
character*20 cropname
character*25 chemname(4)
character*30 lox(3)
character*79 comm(6)
logical crmat,chmat

Appendix

Appendix C).

version 3 (to create a one-line/sample file containing

crop,aia and form [as specl],
en,dAChE,kdcom, ldass

E inhibition [optionally for a

given crop and pesticide] for a given level(s) of

ations are determined using the

'unified field model':

f dislodgeable foliar residue
as the data base, along with
oefficient and toxicity files.

t,specl

s COMName

G, page 1 of 9
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co. file 1
. file 2
. file 3

.. file 4
. file 5

0O0000 000

fileO=0
file2=2

file3=

3

file4=4
file5=5

fileb=

c limits

c number
maxr
maxs
crmat

6

set for max number of requested effects (array), coefficients,

(o)

1 continue

user screen and console...format 1000 series reserved I/O.

(PC assumes this device to be "0")

pesticide residue data base (filename = 'INPUT')
(filename specified by user)

the output file « " = 'OUTPUT')
(filename specified by user)

crop coefficient library « " = ‘'cropco.lib')

chemical coefficient library (

f samples and residues within each sample.
4

30
.false.

DO 3 i = 1,maxs

" = 'chemco.lib')

DO 2 j = l,maxr
res(i,j) = 0.0
sd(i,j) = 0.0
1d50(j) = 0.0
2 continue
3 continue
chmat = .false.
write (file0,1003)
1003 format (' Type residue INPUT filename, up to 12 characters:')
read (file0,1004) input
1004 format (al2)
if ((input .eq. 'quit').or.(input .eq. 'exit').or.
+ (input .eq. 'stop').or.(input .eq. 'end')) goto 30000
open (file2, file = input)
open (file4, file='cropco.lib')
open (file5, file='chemco.lib')
rewind file2
rewind filed
rewind file5

S continue
(file0,1005)
1005 format (' A specific chemical (coded) can be requested;',/,

write

+
read

write

' type chemical (a8) or ''all'' for all crops:')

(£ile0,1006) chemrq

1006 format (a6)

(file0,1007)

1007 format (' A specific location (coded) can be requested;',/,

Appendix G, page 2 of 9
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Ceo

+
read
1008 format
write
1009 format
+
read
1010 format

write
1011 format
read
write
1012 format
+
read
1013 format
if
open
rewind
7 open
rewind

' type location (a3) or ''all'' for all locations:')
(file0,1008) locrq

(a3)

(file0,1009)

(' A specific crop (coded) can be requested;’
' type crop (aé) or ''all'' for all crops:')

(file0,1010) croprq

(a6)

(file0,1011)

(' Type data

(£ile0,1004) output
(file0,1012)

(' Type 0 to
! or 1 to

(file0,1013) filel

(il)

(filel

(filel)
filel

(file3, file = output, status='new')

file3

.eq. 0) goto 7

READ DATA SPECIFICATION FILE

show input data on screen',/,
exclude this option:')

/s

OUTPUT filename, up to 12 characters:')

51 read (file2,2001,end=85) chem,nart,ndset,nox,loc,crop,igraph,

+form,aia,gpa,ex,unit,nsides,dapp,mapp, yapp,ncomm,npunpr, isd
2001 format(aB,lx,Z(IZ.lx),il,1x,a3.lx,a6,lx,il.1x,ab,1x.f5.2.1x,f4.0,
1x,3(il,1x),i2,1x,a3,1x,i2,1x,i1,1x,i3,1x,il)
write (filel, 2001
+form,aia,gpa,ex,unit,nsides,dapp,mapp,yapp,ncomm,npunpr,isd

+

backsp

ace file2

) chem,nart,ndset,nox,loc,crop,igraph,

read (file2,2011) specl

2011 format

call chemck (chem,noxa,1ld50,chemname,comname,chmat,file5)
. the above subroutine searches to match chemical with data in chemco file

c.
nres =
ldass

C...

52 if

write (filel,2002)

2002 format

.... reading the name of the oxons or other metabolites
.le. 0) goto 54
read (file2,2003,end=9003) (lox(i), i=1,nox)
write (filel,2003)

53 if

2003 format

2004 format

(34x,al2)

nox + 1
=0

(a79)

(nox

(a30)

(i2)

Appendix G, page 3

0) goto 53

. reading up to 6 comment lines
(ncomm .le.
read (file2,2002,end=9002) (comm(i),i=1,ncomm)
(comm(i),i=1,ncomm)

(lox(i), i=1l,nox)

nsam

of 9

... reading the number of samples in the following set of data
54 read (file2,2004,end=9004) nsam
write (filel,2004)
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C.

Cenn

55
2005

56

1021

58
64
65

1026

66

70

71

. reading residue data ...

if (nsam .le. 0) goto 56

DO 55 j=1,nsam 379
read (file2,2005,end=9005) dpa(j),(res(j,k),sd(j,k),k=1,nres)
write (filel,2005) dpa(j),(res(j,k),sd(j,k),k=1,nres)
continue

format(f4.0,1x,8(£6.0,1x))

. QC-tolerance checks follow (line 56 to line 71):

continue .
if (chemrq .ne. chem .and. chemrq .ne. 'all ') goto 51
if (croprq .ne. crop .and. croprq .ne. ‘all ' ) goto 51
if (locrq .ne. loc .and. locrq .ne. 'all' ) goto 51
if ( nox .gt. noxa) goto 9015
if ( nres .gt. maxr) goto 9016
if ( nsam .gt. maxs) goto 9017
if (.not. chmat) goto 9018
if (1d50(1) .le. 0.0} goto 9019
if (nox .le. 0) goto 64
do 58 k=2,nres
if (1d50(k) .ne. 0.0) goto S8
write (file0,1021) chemname(k),nart,ndset
format (' The LD50 for ',a25,' in article ',i2,' data set ',i2,
+ /,' is unknown but assumed = parent.')
ldass = ldass + 1
1d50(k)=1d50(1)
continue

kdcom = * !

call cropck (crop,kd,cropname,leafd,den,crmat,file4)

the above subroutine searches to match crop with data in cropco file
if (.not. crmat) goto 9028

if (kd .ne. 0.0) goto 66

write (file0,1026) crop,nart,ndset

format(' Dosing coefficient (kd) for ',a6,' in article ',i2,
+!' dataset ',i2,/, ' not listed in cropco library! Default value =
+ 5000 cm2/hr."')

kd = 5.0

kdcom = '7!

continue

call units (res,sd,nsam,nres,unit,nsides,crop,leafd)

. above subroutine to convert to ug/cm2 projected area

units may be nonstandard and must be individualy converted.
if (unit .ge. 4) goto 9014
if (leafd .le. 0.0) goto 9029

call dosres (dpa,res,LD50,dAChE,nres,nsam,kd)
above subroutine to convert from residue to dose and AChE...
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C.... the following write statements create the modified (one-line) 380
C "output" file

DO 75 j=1,nsam
C specl equivalent to :aia:gpa:
write (file3,3005) chem,nart,ndset,loc,crop,specl,
+ dpa(j),(res(j,k),k=1,maxr),den,dAChE(j),
+ kdcom, ldass
Ceunn \Y A V <-- potentially removable delimiters
3005 format(a8,':',2i2,':',a3,a6,al2,f4.1,"':",
+ 4(f6.3,':'),al,f7.3,al,il)
do 74 k=1,maxr
C arrays reset to avoid carry-over of "oxon' values between data sets
res(j,k) = 0.0
sd(j,k) = 0.0
74 continue
75 continue
goto 51

85 write (file0,*) 'Reading end of requested chem.-input datafile.'
goto 1

C.... The following lines are various error and data-set reject modes:
9002 write (*,%*) ' Unexpected End-of-file while reading comment lines!'
9003 E:E:el(*.*) ' Unexpected End-of-file while reading "oxon'" lines!'
9004 ggzzel(*,*) ' End-of-file while reading number-of-samples lines!'
9005 g:z:ei(*.*) ' End-of-file while reading sample-data lines!'

goto

9014 write (file0,1014) nart, ndset
1014 format(' Nonstandard units in article ',i2,' dataset ',i2,/,
+ ' - no further calculations are made on this data.')
goto 51
9015 write (file0,1015) nart,ndset
1015 format(' More metabolites in article ',i2,' dataset ',i2,
+ ' than listed in chemco.')
goto 1
9016 write (file0,1016) nart,ndset,maxr
1016 format('Metabolites in article ',i2,' dataset ',i2,' exceed array
+limit of ',il)
goto 1
9017 write (file0,1017) nart,ndset,maxs
1017 format('Samples in article ',i2,' dataset ',i2,' exceed array limi

+t of ',i2)
nsam = maxs
goto 64

9018 write (file0,1018) chem,input,input
1018 format(lx,a8,' as listed in ',al2,
+' was not found within chemco library.',/,
+' Please check ',al2,' for proper code or update chemco.lib.')
goto 51
9019 write (file0,1019) chem
1019 format(lx,a8,' found within chemco library but without LD50!')
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9028 write (file0,1028) crop
1028 format(lx,a6,' not found within cropco library. Please check listi
+ng for proper code.')
goto 51
9029 write (file0,1029) crop,nart,ndset
1029 format(' Unable to convert ppm for ',a6,' in article ',i2,

+ ' dataset ',i2,' to ug/cm2')
goto 51
30000 STOP 'Have a good day'
END
Citninerenesnosesncacancsassons cesesscassacaseareanns cesensan cecsacas .o

subroutine units (res,sd,nsam,nres,unit,nsides,crop,leafd)
.. to convert residue units to ug/cm2 and l-side (projected area) values
unit = units reported
0/blank = ug/cm2 {default]
1 = ng/cm2 3 = ppm
2 = mg/m2 4 = other
integer unit
real res(30,4), sd(30,4),leafd
character*6 crop

oooaoa0n

if (unit .eq. 0) goto 17
do 16 k=l,nres
do 15 j=l,nsam
if (unit .gt. 1) goto 12
Cevns to convert from ng/cm2
res(j,k) = res(j,k)/1000.
goto 15
12 if (unit .gt. 2) goto 13
Ceven to convert from mg/m2
res(j,k) = res(j,k)/10.
goto 15
13 if (unit .gt. 3) goto 20
Ceven to convert from ppm
if (leafd .eq. 0.0) goto 20
res(j,k) = res(j,k)*leafd/1000.

15 continue
16 continue
unit = 0

17 if (nsides .ne. 2) goto 20
C.... to convert from residues per 2 sides of a leaf
do 19 k=l,nres
do 18 j=l,nsam
res(j,k) = res(j,k)*2.

18 continue
19 continue

nsides = 1
20 continue

return

end

Ceosoevseeccescoseserossecsscacsnsosscessosssosscsancsccsssossessacscescscanscsasn e 8 s 00
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4001

Subroutine cropck (crop,kd,cropname,leafd,den,crmat,file4)

to find crop match and transfer pertinent parameters 382
character*l den

character*6 .crop,code,stdcode

character®20 cropname

integer filed
logical crmat
real kd, leafd
crmat = .false.

rewind file4

read (file4,4001,end=10) code,kd,cropname,leafd,den,stdcode
format(a6,5x,f4.1,7x,a20,2x,f4.1,al,2x,a6)

if (crop .ne. code) goto 1

crmat = .true.
crop = stdcode
return

end

Subroutine chemck (chem,noxa,1d50,chemname,comname,chmat,file5)

. to find chemical match and transfer pertinent parameters

character*8 chem,code
character*25 chemname(4),comname

integer file5
logical chmat
real 1450(4)

chmat = .false.
rewind file5
read (file5,5001,end=10) code,1d50(1),noxa,chemname(l),comname
format(a8,1x,f4.0,1x,1i1,1x,a25,a25,2x,al,1x,al)
if (chem .ne. code) goto 1
do 3 i = 1l,noxa
read (file5,5002,end=10) 1d50(i+1), chemname(i+l)
format( 9x,f4.0, 3x,a25 )
continue
chmat = .true.
return
end

Subroutine dosres (dpa res,LD50,dAChE,nres,nsam, kd)

. to convert residue to dose (mg/kg) and dAChE (Z) ...

real dpa(30),res(30,4),LD50(4),dAChE(30),kd,mass

.« kd = crop specific dose rate, from cropco.lib file
.. LD50
. mass = 70 kg for 507ile man

dermal toxicity(s), from chemco.lib file

mass = /0.
workday = 8 hours
work = 8.0

. ke = enzyme constant = 6.0

ke

6.0

do 35 i=l,nsam
= 0.0
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30
35

Name

AIA
CHEM
CHEMNA
CHEMRQ
CHMAT
CoMM
COMNAM
CRMAT
CROP
CROPNA
CROPRQ
DACHE
DAPP
DEN
DPA
EX
FILEO
FILEl
FILE2
FILE3
FILE4
FILES
FILE6
FORM
GPA

I
IGRAPH
INPUT
ISD

J

K

KD
KDCOM
LD50
LDASS
LEAFD
LOC
LOCRQ
LOX
MAPP

do 30 j=l,nres

if (mass .eq. 0.0 .or. 1d50(j) .eq. 0.0) write (*,%)

383

mass, j, 1d50(j)
D=kd*work*res(i,j)/mass
sum = sum + (D/1d50(j))
continue
dAChE(i)=100.%(1.-exp(~ke*sum))
continue
return
end
Type Variables use in main program REEN1
REAL Active Ingredient per Acre
CHAR coded CHEMical name
CHAR full CHEMical NAme
CHAR CHEMical ReQuested by user
LOGI CHemical MATch
CHAR COMMents (up to 6 lines)
CHAR COMmon chemical NAMe
LOGI CRop MATch
CHAR coded CROP name
CHAR full CROP NAme
CHAR CROP ReQuested by user
REAL delta AChE (%)
INTE Date of APPlication
CHAR symbol for surety of leaf DENsity
REAL Days Post-Application
INTE coded foliar residue EXtraction solvent
INTE input/output device
INTE input file on disk
INTE output file on disk
INTE input file on disk
INTE input file on disk
INTE input file on disk
INTE input file on disk
CHAR FORMulation of parent chemical
REAL Gallons mixture Per Acre applied
INTE subscript
INTE code for Input data originally from a GRAPH or equation
CHAR INPUT file name
INTE code designating statistical parameters on residues
INTE subscript
INTE subscript
REAL Dosing coefficient
CHAR symbol for surety of Dosing coefficient
REAL dermal Lethal Dose 507
INTE number of metabolite LD50s assumed equal to parent
REAL LEAF Density (mg/cm2)
CHAR- coded LOCation
CHAR coded LOCation ReQuested by user
CHAR name of metabolites [Label of OXon]
CHAR Month of APPlication
INTE MAXimum number of Residues permitted by array definition
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MAXS  INTE

NART  INTE
NCOMM INTE
NDSET INTE
NOX INTE
NOXA  INTE
NPUNPR INTE
NRES  INTE
NSAM  INTE
NSIDES INTE
OUTPUT CHAR
RES REAL
SD REAL
SPEC1 CHAR
UNIT INTE
YAPP  INTE
Civennnnnannes

MAXimum number of Samples permitted by array definition
citation Number of ARTicle

Number of COMMent lines 384
Number of DataSET within cited article

Number of metabolites (OXons) in study

maximum Number of "OXons' Already in chemco.lib

Number of PUNches within sample (if not nominal 48-60)
Number of RESidues reported in study [= NOX+1]

Number of SAMples in study

Number of SIDES used to calculate ug/cm2

name of OUTPUT file

RESidue values

Standard or relative Deviation of residues

dummy array to avoid write errors

UNITs of residue reported

Year of APPlication
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APPENDIX H

Appendix H: Compilation of Reported Residue and Calculated Response Data.

Tabulation format includes the chemical name (coded), 385
the article (citation) number, the study number
within the article (sequential), the location
(coded), crop (coded), application rate (1b AIA),
mixture (gallonsg/acre), the day post-application, 4
residues (ug/cm”), an optional "?" when the residues
were converted from ppm with only estimated leaf
density, the calculated 8-hour cholinesterase
response (7% dAChE), a second optional "?" for crops
for which the defaylt dosing coefficient was assumed
(default = 5000 cm“/hr), and a single digit
indicating the number of metabolites whose dermal
toxicity was assumed equal to the parent.

azinme :18 1:CAsOrange:06.00:0100: 3.0:20.200: .078: .000: .000: 30.237 O
azinme :18 1:CAsOrange:06.00:0100:10.0:11.400: .066: .000: .000: 19.280 O
azinme :18 1:CAsOrange:06.00:0100:17.0:10.600: .106: .000: .000: 19.865 0
azinme :18 1:CAsOrange:06.00:0100:31.0:10.400: .090: .000: .000: 18.964 O
azinmé :18 1:CAsOrange:06.00:0100:44.0: 9,400: .076: .000: .000: 17.088 O
azinme :18 1:CAsOrange:06.00:0100:59.0: 7.600: .012: .000: .000: 11.909 O
azinme :18 2:CAsOrange:06.00:1200: 3.0: 9.200: .000: .000: .000: 13.605 0
azinme :18 2:CAsOrange:06.00:1200:10.0: 3.200: .000: .000: .000: 4,960 0
azinme :18 2:CAsOrange:06.00:1200:17.0: 2.600: .000: .000: .000: 4.049 0
azinme :18 2:CAsOrange:06.00:1200:31.0: 1.860: .000: .000: .000: 2.913 0
azinme :18 2:CAsOrange:06.00:1200:44.0: 2.000: .000: .000: .000: 3.129 0
azinme :18 2:CAsOrange:06.00:1200:59.0: 1.600: .000: .000: .000: 2.511 0
azinme :18 3:CAsOrange:02.00:0500: 3.0: 4.000: .,000: .000: .000: 6.161 0
azinme :18 3:CAsOrange:02.00:0500:10.0: 1.400: .000: .000: .000: 2.201 0
azinme :18 3:CAsOrange:02.00:0500:17.0: 1.240: .000: .000: .000: 1.952 0
azinme :18 3:CAsOrange:02.00:0500:31.0: .940: .000: .000: .000: 1.483 0
azinme :18 3:CAsOrange:02.00:0500:44.0 .760: .000: .000: .000: 1.201 O
azinme :18 3:CAsOrange:02.00:0500:59.0: .600: .000: .000: .000: .949 0
azinme :18 4:CAsOrange:01.00:0500: 3.0: 1.560: .000: .000: .000: 2,449 0
azinme :18 4:CAsOrange:01.00:0500:10.0 .600: .000: .000: .000: .949 0
azinme :18 4:CAsOrange:01.00:0500:17.0: .560: .000: .000: .000: .886 0
azinme :18 4:CAsOrange:01.00:0500:31.0: .400: .000: .000: .000: .634 0
azinme :18 4:CAsOrange:01.00:0500:44.0: .280: .000: .000: .000: 444 0
azinme :18 4:CAsOrange:01.00:0500:59.0: .240: .000: .000: .000: .381 0
azinme : 2 l:CAvPeach :03.00:0105: .0: 5.800: .000: .000: .000:7? 3.376 O
azinme : 2 1l:CAvPeach :03.00:0105: 4.0: 3.600: .000: .000: .000:? 2.109 O
azinme : 2 1l:CAvPeach :03.00:0105: 6.0: 2.000: .000: .000: .000:? 1.177 O
azinme : 2 1l:CAvPeach :03.00:0105:10.0: 1.360: .000: .000: .000:? .802 0
azinme : 2 1:CAvPeach :03.00:0105:13.0: .960: .000: .000: .000:? .567 0
azinme : 2 l:CAvPeach :03.00:0105:14.0: 4.600: ,000: .000: .000:? 2.687 O
azinme : 2 1l:CAvPeach :03.00:0105:16.0: 4.000: .000: .000: .000:? 2.341 0
azinme : 2 l:CAvPeach :03.00:0105:20.0: 3.000: .000: .000: .000:? 1.761 O
azinme : 2 2:CAvPeach :03.00:0100: .0: 5.000: .000: .000: .000:? 2.918 O
azinme : 2 2:CAvPeach :03.00:0100: 1.0: 5.200: .000: .000: .000:? 3.033 0
azinme : 2 2:CAvPeach :03.00:0100: 3.0: 5.600: .000: .000: .000:? 3.262 0
azinme : 2 2:CAvPeach :03.00:0100: 4.0: 5.800: .000: .000: .000:? 3.376 0
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azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
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azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
azinme
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2:CAvPeach :03.00:0100: 5.0: 5.200:
2:CAvPeach :03.00:0100: 6.0: 5.400:
2:CAvPeach :03.00:0100: 9.0: 5.000:
2:CAvPeach :03.00:0100:11.0: 4.400:
2:CAvPeach :03.00:0100:14.0: 4.200:
2:CAvPeach :03.00:0100:17.0: 3.600:
2:CAvPeach :03.00:0100:20.0: 4.200:
1:AZ Cotton:01.00:0009: .0: .843:
1:AZ Cotton:01.00:0009: 1.0: ,568:
1:AZ Cotton:01.00:0009: 2.0: .289:
1:AZ Cotton:01.00:0009: 3.0: .229:
1:AZ Cotton:01.00:0009: 4.0: .149:
1:CANApple : : : .0: 1.920:
1:CANApple : : : 3.0: .968:
1:CANApple : : : 7.0: .392:
1:CANApple : : :10.0: .380:
1:CANApple : : :14.0: .224:
1:CANApple : : £21.0: .144:
2:CANApple : : : .0: 3.720:
2:CANApple : : : 3.0: 1.364:
2:CANApple : : : 7.0: 1.228:
2:CANApple : : ¢10.0: .560:
2:CANApple : H $14.0:  .464:
2:CANApple : : :21.0: .148:
3:CANApple : : : .0: 1.440:
3:CANApple : : : 3.0: .712:
3:CANApple : : : 7.0: .532:
3:CANApple : :10.0:  .272:
3:CANApple : :14.0: ,424:
3:CANApple : :21.0: .148:
3:CANApple : :28.0: .068:
4:CANApple : : .0: 2.940:
4:CANApple : : 3.0: 1.932:
4:CANApple : : 7.0: 1.228:
4:CANApple : : :10.0: 1.176:
4:CANApple : : :14.0: .652:
4:CANApple : : :21.0:  .348:
4:CANApple : : :28.0: .196:
5:CANApple : : ¢ .0:17.000:
5:CANApple : : ¢ 3.0:13.200:
5:CANApple : : : 7.0: 7.200:
5:CANApple : : :10.0: 4.600:
5:CANApple : : :14.0: 3.600:
5:CANApple : : :21.0: 2.400:
5:CANApple : : :28.0: 1.800:
5:CANApple : : :35.0: 1.400:
5:CANApple : : $42.0: 1.200:
6:CANApple : : ¢ .0:11.000:
6:CANApple : : : 3.0: 9.000:
6:CANApple : : : 7.0: 5.400:
6:CANApple : : :10.0: 3.000:
- 6:CANApple : : :14.0: 2,000:
6:CANApple : : :21.0: 1.400:
6:CANApple : : :28.0: .800:
6:CANApple : : :35.0: .600:
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3.033
3.147
2.918
2.572
2.457
2.109
2.457
1.30570
.88170
.44970
.35670
.23270
2.073
1.050
<427
414
.244
.157
3.977
1.477
1.331
.609
.505
.161
1.559
774
.579
.296
.461
.161
.074
3.156
2.086
1.331
1.275
.709
.379
214
16.927
13.411
7.554
4.894
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1.301
11.308
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.869
.652

oo oo o oo
N
o

O OO OOOOOOODODODODOODOODODOOODODLODODODODODOODODODODOODOODOLOODODOODODODODODOOODOO

O~



azinme
azinme
azinme
azinme
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carbaryl
carbaryl:
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carbaryl:
carbaryl:
carbaryl:
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carbaryl:
carbaryl:
carbaryl:
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3:FL
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Apple :
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
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:01

:01
:01

:01
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:00.
.75:0150:1
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:01.
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:01.
:01.
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Orange: 6.
Orange: 6.
Orange: 6.
Orange: 6.
Orange:06.
Orange:06.
Orange:06.
Orange:06.
Orange:06.
Orange:06.
Orange:06.
Orange:06.
Orange:06.
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:0.375:
Orange:00.
Orange:00.
Orange:00.
Orange:00.
Orange:00.
Orange:00.
Orange:00.
Orange:00.
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8 :0272:
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100:1
100:2
100:2
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1.
.015:
.019:

2.

2.

1.

4,
0.
4.
2
2

.400:

VYA

A46:
.378:
.215:
.190:
.142:
.050:
130:
.880:
040:

070:
020:
210:
.240:
.002:
424
904:
230:
562:
172:
424:
904:
230:
562:
172:
530:
.908:
.072:
.652:
.472:
.083:
.018:
.007:
.005:
.001:
.336:
.128:
.077:
.076:
.031:
.016:
.011:
.008:
.005:
.814:
A4l12:
.060:
.021:
.009:
.003:
467
.228:

.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.166:
.356:
.502:
.592:
.634:
.166:
.356:
.502:
.592:
.634:
.536:
462
.396:
.186:
.028:
.012:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.040:
.037:
.000:
.000:
.000:
.000:
.019:

.000:

.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.030:
.372:
1.138:
1.500:
1.544:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:

.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.002:
.094:
.342:
.676:
.858:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
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<435
.263
.264
.224
.127
.112
.084
.030
.069
.061
.034
.000
.001
.067
.066
.039
.040
.000
95.154
89.452
82.917
78.022
68.487
95.140
89.013
80.558
73.417
61.122
35.784
25.520
19.408
7.065
4.281
.825
.156
.063
.040
.012
2.893
1.111
.667
.662
.267
.138
.098
.072
.042
7.199
3.848
.523
.180
.082
.026
4.153
1.972
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carbop
carbop
carbop
carbop
carbop
carbop
carbop
chlort
chlort
chlort
chlort
chlort
chlort
chlort
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dial
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth

+35
:35
:35
:35
:35
:35
:35
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:18

:18
:18
:18
:18
:18
:25
:25
:25
:25
:25
:25
125
:25
:25
:25
:25
+25
:25
:25
:83
:83
:83
:38
:38
:38
:38
:38
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+38
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:16
116
:16
216
:16
:16
116
+16
:51
:51
:51
:51
:51
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+FL Orange:00.75: 100: 3.0: .105:
:FL Orange:00.75: 100: 5.0: .08i:
+FL Orange:00.75: 100: 7.0: .064:
:FL Orange:00.75: 100:14.0: .029:
:FL Orange:00.75: 100:21.0: .026:
:FL Orange:00.75: 100:28.0: .011:
:FL Orange:00.75: 100:35.0: .0ll:
:CAsCitrus:00.80:0100: 3.0: 2.400:
:CAsCitrus:00.80:0100: 6.0: .800:
:CAsCitrus:00.80:0100:10.0: .360:
:CAsCitrus:00.80:0100:17.0: .140:
:CAsCitrus:00.80:0100:24.0: .150:
:CAsCitrus:00.80:0100:43,0: .044:
:CAsCitrus:00.80:0100:59.0: .000:
:CAvGrapes:01.00:0025: .0: 3.800:
:CAvGrapes:01.00:0025: 1.0: 3.200:
:CAvGrapes:01.00:0025: 3,0: 3.140:
:CAvGrapes:01.00:0025: 7.0: 2.540:
:CAvGrapes:01.00:0025:14.0: 1.860:
:CAvGrapes:01.00:0025:21.0: 1.260:
:CAvGrapes:01.00:0025:28.0: .740:
:CAvGrapes:01.00:0100: 0: 4.200:
:CAvGrapes:01.00:0100: 1.0: 2.540:
:CAvGrapes:01.00:0100: 3.0: 2.660:
:CAvGrapes:01.00:0100: 7.0: 2.260:
:CAvGrapes:01.00:0100:14,0: 1.340:
:CAvGrapes:01.00:0100:21.0: .660:
:CAvGrapes:01.00:0100:28.0: .400:
:CAvGrapes: . : :59.0 .214:
:CAvGrapes: . : :59.0 .199:
:CAvGrapes: . : :60.0: .121:
:FL Orange: 4.00: 750: 1.0: 1.200:
:FL Orange: 4.00: 750: 2.0 .922:
:FL Orange: 4.00: 750: 5.0 .650:
:FL Orange: 4.00: 750:10.0 .500:
:FL Orange: 4.00: 750:20.0 .384:
:FL Orange: 4.00: 750:30.0 .330:
:FL Orange: 4.00: 750: 1.0 .200:
+FL Orange: 4.00: 750: 2.0 .134:
:FL Orange: 4.00: 750: 5.0: .080:
+FL Orange: 4.00: 750:10.0: .054:
:FL Orange: 4.00: 750:20.0: .036:
:CAsOrange:01.25:0500: .0: 1.680:
:CAsOrange:01.25:0500: 3.0: .640:
:CAsOrange:01.25:0500:11.0: .122:
:CAsOrange:01.25:0500:17.0: .048:
:CAsCitrus: 1.25: 500: .0: 1.680:
:CAsCitrus: 1.25; 500: 3.0: .360:
:CAsCitrus: 1.25: 500:10.0: .040:
:CAsCitrus: 1.25: 500:19.0: .000:
:CANApple : : : .0: 1.112:
:CANApple : . : ¢ 3.0: .460:
:CANApple : ¢ 7.0: .300:
:CANApple : :10.0: .104:
:CANApple : :14.0: .088:

.000:
.000:
.000:
.000:
.000:
.000:
.000:
.780:
.840:
.440:
.720:
.600:
.340:
.134:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.043:
.052:
.045:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.062:
.080:
.076:
.000:
.044;
.042:
.028:
.000:
.000:
.000:
.000:
.000:

.000:
.000:
.000:
.000:
.000:
.000:
.000:
.340:
.260:
.164:
.140:
.116:
.086:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
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.000:
.000:
.000:
.000:
.000:
.000:
.000:
.032:
.044:
.050:
.056:
.064:
.042:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
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.914
.709
.556
.255
.224
.100
.093
.279
.061
.931
.169
.453
.040
.805
.091
.006
.896
.797
.536
.409
422
. 807
.797
.018
.280
.560
.269
.771
.497
.486
.321
.328
.567
.816
.400
.077
.926
.562
.377
.225
.152
.101
.959
.402
.116
.071
.959
.231
.047
.016
<437
.181
.118
.041
.035
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dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
/dimeth
dimeth
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dimeth
dimeth
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dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dimeth
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat

:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
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:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:51
:86
: 86
+ 86

:86-
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: 86
:86
:86
: 80
: 80
:80
:80
: 80
:80
: 80
: 80
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:CANApple :
:CANApple :
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Orange:

:CAsOrange:
:CAsOrange:
:CAsOrange:
:CAsOrange:
:CAsOrange:
:CAsOrange:
:CAsOrange:
:CAsOrange:

: 1.00:
: 1.00:
: 1.00:
: 1.00:

1.00:
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: 1.00:
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.012:
: 2.456:
.936:
.476:
.264:
.324:
.040:
1.028:
.600:
.332:
.136:
.100:
.052:
.068:
: 2.256:
: 1.616:
.564:
.436:
.316:
.084:
.024:
.192:
.184:
.132:
.056:
044
.024:
.008:
.008:
.004:
.196:
.136:
.096:
044
.028:
.008:
.004:
.004:
.004:
.432:
.248:
.011:
.001:
1.922:
1.274:
.042:
.004:
2.600:
2.200:
1.400:
1.600:
1.600:
1.200:
2.600:
2.000:

.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.012:
.010:
.002:
.000:
.018:
.039:
.011:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
.000:
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.000: .000:
.000: .000:
.000: .000:
.000: .000:
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.000: .000:
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.000: .000:
.000: .000:
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.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
.000: .000:
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.005
.962
.368
.187
.104
127
.016
.404
.236
.131
.053
.039
.020
.027
.884
.634
.222
171
.124
.033
.009
.076
.072
.052
.022
.017
.009
.003
.003
.002
.077
.053
.038
.017
.011
.003
.002
.002
.002
.254
.148
.007
.000
.106
.750
.030
.002
.297
.210
.998
.556
.556
.437
.297
.662
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dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
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dioxat
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dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
dioxat
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: 80
: 80
: 80
:80
: 80
:80
:80
:80
: 80
:80
:80
:80
: 80
: 80
: 80
: 80
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:80
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:80
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: 80
: 80
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:80
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: 80
:80
: 80
: 80
: 80
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2:CAsOrange:
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