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1 INTRODUCTION

The introduction of organic pesticicfcs into modern agriculture has increased production
and provided consumers worldwide with high-quality fruits and vegetables. The
continuous use of these materials, however, has resulted in cortamination of water, soil,
and air. The chlorinated hydrocarbons, principally DDT, were the first class of
compounds to be recognized as toxic environmental pollutants. DDT was replaced in the
19505 by an ever-growing number of biodegradable but dermally toxic organophasphorus
and N-methylcarbamate insecticides. The use of these pesticides, principally ethyl
parathion, on ¢itrus in California resulted in a series of sericus poisening incidents among
workers reentering treated groves to harvest fruit.

Established preharvest intervals (time between the last application of pesticide) varying
from several days 10 several weeks were originally considered 1o be adequate to prolect the
health of workers "entering™ or “reentering” a sprayed crop to harvest fruit or vegetables.
Workers entering treated crops for activities other than harvesting (eg., thinning,
pruning) were not protected by the preharvest interval. On an annual basis in California
there are over 300.000 field workers involved in handling crops treated at sometime with
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\ TABLE 1. Chemical Identification of Pesticides Mentioned in Text £ = _é P,

} Pesticide : Chemical Designation < é _;5 % \

- g 2B A
; Acephate 3, 8-Dimethyl acetylphosphorecamidothioate E = % ©
. : Aldicarb 2-Methyl-2imethylthio) propionaldehyvde G-tmethyl carbamoyl) axime z < & E -
o Azinphosmethyl 0. 0-Dimethyl 8§44-ox0-1, 2, I-benzotriazin-3(4 H-yl} methyl 7 20, | 2
phosphorodithioate i g _42 £ E .,\
Carbaryl 1-Naphthyl methylcarbamate g £z =
Carbofuran 2, 3-Dihydro-2, 2-dimethyl-7-benzofuranyl methylcarbamate ‘E. | % !
Carbosulfan 2,3-Dibydro-2, 2-dimethyl-T-benzofuranyl-[ (di-n-butylamine)thio] Z P }
P methykcarbamate < o
‘ ' Chiorobenzilate Ethvl-4. 4'-dichiorobenzilate £ -E ?UE -
. Chlorthiophos Q-[ 2. 5-Dichloro-d-(methylthio)phenyl] O, -diethy] phosphorathioate g ; Se|-
Dialifor S-[2-Chlero-1-(1, 3-dihydre-1, 3-dioko-2f-isoindol-2-yl)ethyl] 0. O-diethyl =
phasphorodithioate ®
Dimethoate 0, 0-Dimethyl S-(M-methyl carbamoylmethyl) phosphorodithioate % PR
Dioxathion 8,541, 4-dioxanc-2, 3-divl} bis(0, O-diethy) phosphorodithioate) 2 -l
Ethion 0,0,0, 0"-Tetraethvl §, S-methylene diphosphoredithioite :::
Malathian 0, 0-Dimethyl 5-11, 2-di(ethoxycarbonyl} ethyl] phosphorodithioate =
Methamidophos O, S-Dimethy] phosphoramidothicate E
Methidathion 5-[(5-Methoxy-2-0x0-1, 3, d-thiadiazel- 2 H-ylimethyl] O, O-dimethyl &
phosphorodithioate = 52
Methomyl S-Methyl-N-[{methylcarbamoyljoxy] thicacetimidate § B H s
Mevinphos 2-Methoxycarbonyl-1-methylvinyl dimethyl phosphate = FE| =
Monocrotophos Dimethyl 1-methyl-2-(methylcarbamoyl) vinyl phosphate _§ =~ g \-‘:.S
Oxamyl S-Methyl N', N'-dimetbyl-N-{ (methylcarbamoyljoxy-1-thiooxamimidate] E A
Paracxcn 0, O-Diethyl O-(4-nitrophenyl) phosphate z
Parathion 0, 0-Diethyl 0-{4-nitrophenyl) phospherndithioate =2
Phosphamidon 2-Chloro-2-giethylcacbamoyl-1-methyl vinyl dimethyl phosphate =)
Thiodicarb Dimeihyl N, N’ [thio-bis{methylimino) carbamovloxy thioacetimidate] TE 2
= a4 =
; 5 g
o . pesticide chemicals. The large number of workers, crops (e.g.,, 692,000 acres of grapes, : = S
ié b 175,000 acres of citrus}, and organophosphorus and N-methylcarbamate pesticides used s 2w
- ig d {<1,500,000(b annually) on foliage on these two crops provide an insight into the % _E-é % =
DR potential magnitude of the field reentry problem as it exists in California alone. = g s &
Pory . . ) . , = & &4u
o This chapter presents poisoning cases reported in California agriculture, field : Sy
f&‘* management of these poisoning cases, federal and state regulatory responses, and the § -

: development of research procedures for characterizing dislodgeable Foliar residues, their 51 2 8
transfer to skin and clothing, their percutaneous absorption, and their effect on red cell 3 E =
cholinesterase activity. Currently acceptable procedures for calculating “safe [oliar < “
residues” and “sale reentry intervals™ based on teentry research are provided using a =
number of pesticides employed in agriculiure. Chemical designations of pesticides S
mentioned in the text are listed in Table 1. E I

i H =
2 HISTORICAL BACKGROUND E =
B -
2.1 Poisoping Incidents o %
- [
Poisoning incidences umong workers who reenlercd pesticide-treated groves and é 2,."\ 22
vineyards were first reported in California in 1949 after the registration of ethy! parathien,’ =8 SRR
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as shown in Table 2. The poisonings were characterized by sweating, vomiting, dizziness,
and general body weakness. Red blood cell cholinesterase was depressed in most cases
more than 20%,. This and the poisoning incidents described later indicated to state and
federal regulatory officials that “reentry mtervals or times” separate and distinct from
preharvest intervals were necessary to protect the heulth of workers. At this time
California is the only state establishing and enforcing tts own reentry intervals. Reentry
intervals, however, have been established by the EPA for the other states.

From 1949 through 1938, six multiple case poisoning incidents occurred in California
involving at least 79 persons entermg groves treated with ethyl parathion (Table 2). In
1959, 275 workers were poisoned in six separate citrus groves throughout the state
(Table 2). An additional 87 workers were poisonied during the years 1961-1968. Two
incidents involved azinphosmethyl and ethion, while the remaining illnesses were
attributed to the vse of ethyl parathion.

Quinby and Lemmon {1} studied these early poisoning episodes. They documented 11
episodes, 6 in the state of Washington and the balance in California. Dermal exposure was
determined to be the likely route of exposure. In California, Milby etal. (2) studied
the effects of organcphosphorus pesticide residues on 186 peach orchard workers;
percutaneous absorption of the oxidation products (oxons) of the organophosphorus
esters was identified as the likely cause of the poisonings. From 1970 to 1972 there were
nine episodes involving 86 persons poisoned with ethyl parathion in citrus groves in
California.

This group of episodes led to the passage of legislation in California in 1972 establishing
a Workers Health and Safety (WHS) group in the California Department of Food and
Agriculture (CDFA) and the adoption of Worker Safety Reguiations (3) involving reentry
into crops treated with organophosphorus pesticides in cooperation with the California
Department of Health Services (CDHS). The adoption of regulations and the formation of
the Worker Health and Safety group provided the CDFA with the legal means to
investigate illnesses, establish reentry intervals, and prosecute violators. At this time ather
states have not passed similar regulations or established enforcement agencies.

Since 1964, each posioning incident in California has been investigated by the CDFA to
determine the reascns for the occurrence and to identify ways to prevent such illnesses
{Table 2). For example, the use of a new chemical, dialifor, on grapes in 1973-1974 resulted
in illngsses among workers harvesting the grapes. A thorough investigation by the CDFA
staff resulted in the establishment of a 75-day reentry interval and the eventual
deregistration of dialifor in California (4-6). It was shown that the formation and
percutaneous absorption of foliar residues of dialifor oxon were the principal reasons for
the illnesses observed in the workers. Compliance with legally designated reentry intervals
kept workers out of fields where excessive leaf residues were present. ‘

Incidents of ethyl parathion poisonings in citrus groves during 1977, 1982, and 1987
were determined to be caused by the presence of high levels of paraoxon in soil dust
underneath trees {71 Soil dust served as a vehicle for transferring paraoxon to the hands.
arms, legs, and feet of workers harvesting fruit (8). Parathion and paraoxon residues on
foliage were at levels considered to be safe for reentry as a result of compliance with lors
reentry intecvals (3). . .

Immediately following the dialifor and several of the parathion illness incidents.
harvesting was stopped, and large acreages of ripe fruit remained to be harvested. Analyses
of residues in soil and on foliage were performed to identify treated fields safe 10 harvest
The guidelines used for determining a “sale” Geld residue are covercd later in this chapter.
Workers with normal red blood cell cholinesterase activity were placed under medical
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supervision and allowed to harvest these fields. Fields considered unsale for harvest were
quarantined until they were safe to reenter and harvest the crop {9).

Whorten and Obrinsky (10) studied a reentry poisoning incident involving mevinphos-
and phosphamidon-treated row crops. Poisoning was induced by the parent compeounds
when reentry occurred illegally within 1-24h alter application. In order to protect
workers, their blood cholinesterase levels were followed until values returned to normal
and the workers could return to work. In some cases, a period of 3 months was needed
before values return to normal levels. This illustrates the degree of interpersonel variability
encountered with respect to exposure, percutaneous absorption, and cholinesterase
inhibition.

N-methylcarbamates can cause cholinesterase inhibition when inhaled or ingested
{11). In a few instances, dermal exposure to foliage, within [ or 2 days after application, has
resulted in the poisoning of fisld workers. The incident that involved the most injury to
date occurred in Indiana in August 1974. Seventy-four young men and women of a work
crew of 150 became ill while detasseling corn within 24h of a foliar application of
carbofuran (12). Sufficient carbofuran was absorbed through the skin of the hands and
arms to produce the effects observed in these workers. Occasionally, other smaller scale
incidents have been reported with N-methyl carbamates. For exampie, in the summer of
1981, 4 out of 12 workers in a California grape vineyard were poisoned by methomyl
applied to foliage less than 24 h prior to reentry. The workers recovered from their illnesses
within a period of 4 or 5h.

In addition to the foliar residue problem with carbofuran and methomyl, poisoning
occasionally occurs in California when uninlormed persons enter a fteld or grove to drink
water from irrigation equipment containing pesticides. Several persons have been
seripusly poisoned from ingesting oxamyl; reentry restrictions are now requlred on the
oxamyl label to prevent such occurrences.

2.2 Field Reentry Studies

During the 1970s, several incidents with organophosphorus pesticides prompted a
number of agricultural chemical companies to conduct medically supervised reentry
studies. Tobin (13) conducted a study with workers harvesting [ruit from a citrus grove
treated with ethion 1day prior to reentry. A reduction in red blooed cell cholinesterase
activity ecourred. Reentry studies with workers reentering a peach orchard treated 1 week
before with azinphosmethyl were conducted (14. 15}, Here again, a reduction in red blood
cell cholinesterase activity occurred in the workers. Studies involving workers and reentry
into cotion previousty treated separately with ethyl and methyl parathion (16) and
monocrotophos and ethyl and methy] parathion (17,18} were conducted. Workers
reentered treated cotton fields 12-72 h after application of the pesticides. Red blood cell
cholinesterase depression was detected in the workers.

Spear etal. (19) conducted an ethyl parathion field reentry study in citrus groves
involving several application rates and reentry intervals, Cholinesterase activity was

depressed by 35%; in workers entering as late as 25 days postapplication. The dose—

response information obtained in this study has been of considerable value in establishing
reentry periods for a number of organophosphorus pesticides in California coupled with
the results of the réentry studies conducted by Kilgore (20) involving azinphosmethyi on
peaches. A reentry period of up to 90 days was established for parathion and a 4-duy
reentry mterval for azinphosmethyl. The procedure for setting the reentry intervals is
discussed in Section 6, which deals with the mathematics of setting safe levels on foliage.

1
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23 Federal Reentry Standards

‘The QOccupational Safety and Health Administeation (OSHA} was the first federal agency

to propose pesticide reentry standards to protect the health of farm workers (21). The first
standards, adopted on May 1, 1973, included 21 organophosphorus insccticides and five

crops {citrus, peaches, grapes, tobacco, and apples) in wet and dry areas. These standards’

wete replaced 6 weeks later with less stringeat standards covering only nine crgano-
phosphorus insecticides with intervals ranging from 1 to 3 days for wet areas and 14 days
for dry areas (22).

During the summer of 1973, a jurisdictional dispute between the U.S. Environmental
Protection Agency (EPA) and OSHA over which agency would set and administer reentry
standards occurred and was finally resolved in Federal Court in favor of the EPA. A year
later the Federal Working Group on Pest Management appointed T. H. Milby to chair a
Task Group on Occupational Exposure to Pesticides (23). The Task Group recommended
that registrants should be required to (i) submit data 1o the EPA for establishing reentry
intervals and (ii) pay attention to geographical differences and that (iii) the Federal
Government should support research into the fundamentat factors that influence reentry

* intervals with respect to farm worker salety.

In the Federal Register on March 11, 1974 (24), the EPA published 48-h reentry
standlards for 11 organophosphorus insecticides, endrin, and endosulfan. The regulations
also recognized state responsibility and authority to set additional restrictions to meet
local problems as carried out by the California Department of Food and Agriculture. In
order to develop reentry intervals, the CDFA put into place monitoring requirements
based on the recormendations of the California Department of Health Services (25).
These monitoring studies utilized changes in field worker blood cholinesterase levels to

determine if dislodgeable residues were at a “safe level.” Since these requirements included

the use of human subjects (i.¢., field workers), the studies were to be conducted in a manner
conforming to ethical requirements involving medical supervision and the safeguarding of
the individual subject’s safety and dignity.

Several well-controlled reentry studies were conducted by Knaak etal. (26) and
Popendorf et al. (27), respectively, with phosalone on citrus and peaches in California. The
study by Knaak and co-workers followed conventional field workers while the study by
Popendorf followed college students working as fruit pickers. The results of these studies
provided useful information for establishing reentry intervals for phosalone. None of the
workers entering groves after the application of phosalone developed cholinesterase
poisoning symptoms or a decrease in red blood cell cholinesterase activity.

The monitoring requirements were later modified in 1975 to exclude the use of farm
workers as subjects in monitoring studies. This policy was based on the contentions that
under the current conditions in California agriculture, truly informed and voluntary
consent, {ree from any duress, could not be obtained from farm field workers. In a meeting
of CDFA and EPA officials held in San Francisco in 1977, the Federal Government tock
the position that California’s approach to establishing reentry intervals used human
subjects in a manner inconsistent with the current views of the Federal Agency concerning
informed consent as covered in the Guidelines for Protection of Human Subjects (28)
promulgated by the U.S. Department of Health, Education, and Weifare. The use of
animal models was recommended as a means for obtaining the necessary data for setting
reentry intervals.

In 1980, the EPA presented a new set of methodologics for setting reentry intervals (21).
Three types of data were determined to be necessary to caleulate a reentry interval:
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(i) dose—response data, (i) estimates of a relation between surface residues and total body
exposure and {iit) time versus residue data. In this procedure un allowable exposure level
(AEL) was determined. In 1984-the EPA published the methodologics in detail in Pesticide
Assessment Guidelines. Subdivision K, Exposure: Reentry Protection (12). The reentry study
involving chlorthiophos presenied in Scction 6 of this chapter is referenced in this
document.

3 HAZARD EVALUATION

A chapter on the pesticide field regntry problem would not be complete wilthout a brief
discussion of the toxic properties of the organophasphorus and N-methylcarbamate
pesticides, their action on acetylcholinesterase, bioassay procedures used to determine
their effects on circulating red blood cell cholinesterase, procedures for measuring dermal
dose-ChE response, and percutaneous absorption in model animals. The automated
cholinesterase procedure described in Section 3.2 was vscd to detect these pesticides in
ficld workers and in model animals. These procedures play an important rote in
determining safe level for organophosphorus esters and N-methylcarbamates on foliage.

3.1 Properties of Toxic Organophosphorus and Carbamate Esters

The organophosphorus pesticides inhibit acetylchelinesterase in the nervous system and
in red blood cells of humans and animals by reacting with the active site of this enzyme.
Organophosphorus insecticides vary in their aflinity for the enzyme and in their ability to
irreversibly phosphorviate the enzyme {29). Six types of organophosphorus insecticides
are produced and used in the United States and arc represcnted by phosphates,
phosphorothicates, phosphorothiolates, phosphorodithioates, phosphoroamidates, and
phosphonates. The phosphorothioates (parathion) and phosphorodithioates (azinph-
osmethyl, dialifor, methidathion, dimethoate, and phosalane) are oxidized on foliage to
produce more toxic products called oxons (phosphates and phosphorothioates). The
oxons are better inhibitors of acetylcholinesterase and their formation on plant foliage is
the principal reason for the regntry poisoning in California (23).

The insecticidal carbamates, esters of N-methylcarbamic acid, are also inhibitors of
acetylcholincsterase. They vary in their alfinity for the enzyme. The enzyme-—-inhibitor
complex is unstable, resulting in the release of the intact carbamate and enzyme {11).

The poisoning symptoms observed in workers exposed to organophosphorus and
carbamate esters were caused by the inhibition of acetyleholinesterase in the nervous
system. Red blood celi cholinesterase activity measurements in workers and experimental
animals are routinely used to estimate indirectty the in vivo effects of these pesticides on
nervous system chalinesterase. According to studies in the rat, administration of AChE
inhibitiors produces an almost immediate decrease in both ted blood cell and brain
cholinesterase activity.

Recovery of AChE activity, inhibited by organophosphorus esters, occurs by direct
synthesis of new enzyme, dissociation of the enzyme--inhibitor complex and reactivation
of the phosphorylated enzyme, or in the case of the carbamates mainly by reactivation of
the carbamylated enzyme. Poisoning and the treatment of poisoning were recently
reviewed by Hirschberg and Lerman (30) and Lerman et al. (31).

Blood cholinesterase activity assays are the principal procedures used to determine
worker exposure to cholinesterase inhibitors and to examine the dermal dose-ChE
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response relation in animal models, The blood cholinesterase assay is discussed in
Section 3.2 of this chapter,

Technical organophosphorus (O Ps) and N-methylcarbamate insecticides respectively,
are supplied by manafacturers as viscous liquids and crystalline solids to be formulated
with organic solvents, detergents, and water as emulsifiable concentrates or as water—
soluble powders for dilution in water for appiication (32). Most of these materials are
strongly lipophilic. Exceptions, however, exist as a number of the OPs and N-
methylearbamates arc quite water soluble. Acephatc is a white solid material, soluble to
6527 w/v in water and to only 10% w/v in acetone—ethanol and % w/v in aromatic
solvents. Its hydrolysis product, methamidophos, is even more water soluble than
acephate and less seluble in organic solvents, Methomyl, a white crystailine N-
methylcarbamate used extensively in agriculture, is soluble in water to the extent of 5.8%,

- w/vin water and 100% w/v in methanol, Oxamyl, closely related in struciure to methomyl,

is even more soluble in water, 28%; w/v, and methanal, 144°% wi/v.

The organophosphorus insecticides vary in their acule oral toxicity from less than
i.0mg/kg of body weight for the most toxic oxons such as paracxon to well over
1500 mg/kg for the less toxic OPs (e.g. malathion). The N-methylcarbamates also vary
widely in their acute oral toxicities, which range [rom a low of 8.0 mg/kg (aldicarb) to
several hundred mg/kg (i.e.,, carbaryl).

Field workers, however, are dermally exposed to residues of organophosphorus and
carbamate insccticides on foliage. The EPA regulations (33) currently group pesticide
products into three toxicity categories based on the results of dermal LD so Studies in the
rabbit. Category I materials have a dermal LDy, of <200mg/kg, category II materials a
dermal LDy, of 200-1000mg/kg, and category IN materials a dermal LD;, of
>1000mg/kg. The oxons formed from the phosphorothioates and phosphorodithoates
have u dermal LDy, of < 200 mg/kg. Reentry intervals may be required by EPA (12) and
the California Department of Food and Agriculture (34) for pesticide products assigned to
categories I and 1. The relation between a dermal dose of an organophosphorus or

. carbamate ester and its effect on blood cholinesterase activity is discussed in Section 3.3

and used in Section 6 of this chapter to set reentry intervals.

3.2 Bloed Cholinesterase Assay

The Milby report (23) recommended the use of the Michel (35), pH-Stat (Nabb and
Whitdield, (36) or colorimetric method (Ellman et al., 37) for measuring bloed cholineste-
rase activity of field workers. The pH-Stat and colorimetric methods are suitable for
measuring the inhibitory action of organophosphorus and carbamate esters, while the
Michel method was [ound suitable only for organophosphorus esters. Long incubation
periods at high pH resulted in the reactivation of cholinesterase. All three methods were
manual methods requiring a substantial amount of time and effort to obtain reproducible
results, The automated Ellman method of Humiston and Wright (38) was modilied by
Knaak etal. (39) to run on the Technicon Auto Analyzer II system. This two-chununel
system uses in on¢ channel whole blood {intact red cells) or plasma as enzyme,
acetylthiocholine as substrate, and a dialyzer system to separate the enzyme from the
hydrolysis product, thiocholine, prior to reacting DTNB (35, 5-dithiobis{2-nitcobenzoic
acid)] with thiocholine to produce a yellow color. The second channel blanks out calor
resulting from noncnzymatic hvdrolysis of acetylthiocholine.

The cholinesterase activily of the red blood cells is obtained by substracting the activity
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of the plasma from the activity of whole blood using the sumple’s hematocrit in Eq. (1):

o 1 — hematocrit
whole blood activity — | —
100

RBC = : ) (m
hematocrit, 100

)(plasma actvity)

The activity of whole blood, RBCs, and plasma are reported in terms of micromoles of
—SH released per minute per milliliter of sample. Plasma from Sigma Chemical
Company, St. Louis, Missouri is used as the enzyme standard and reduced glutathione as
the instrument standard. In field worker studies imvolving human blood, whole blood was
diluted 1:6 with pH 7.7 buffer and plasma was diluted 1:3 with bufler, while in the dermal
dose-ChE respanse studies discussed in Section 3.3 whole blood from the rat was diluted
1:3.5 with buffer. while plasma was used without dilution. The resuits with enzyme
standards are reproducible from run to run. After 10 years of field and laboratory use, the
method is being considered by the California Department of Health Services as an official
clinical laboratory method.

3.3 Dermal Dose—ChE Response

The field reentry studies involving farm fteld workers were conducted to determine the
relation between foliar pesticide residues in pg/ocm? and cholinesterase depression in order
to set safe reentry intervals. These studies wete costly and often provided little information
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Figure 1. Dermal dose-ChE responsc curves obtained for paraoxon in the ral. Paraoxon was applied
to the clipped backs (25 cm?} of 220-240-g male Sprague-Dawley rals. Blood ChE activity was
determined after 72 h of exposure. Figure taken from Knaok etal. (42). -—--Plasma ChE activity; —
RBC ChE activity. (Reprinted with permission frem Springer-Verlag, Bulletin of Environmental
Contamination and Toxicology.)
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relating foliar residue data to cholinesterase inhibition, because exposure times and foliar
residue Jevels were not sufficient in magnitude to produce a dose-related effect in workers.

Gaines (40, 41} was the first to develop extensive acute dermal toxicity {(LD,) data in
me kg of bedy weight on organophosphorus pesticides in the rat. As good as the mortality
data were, it could not readily be used to relate residue levels or dermal dose in gg/em? to
cholinesterase inhibition. Knaak et al. (42) were the first to develop dermal dose-response
curves (ED ) in the rat relating dose in pg/em? of skin surface to cholinesterase inhibition
for a number of the organophosphorus pesticides of interest. Figures 1 and 2 give the
dermal dose—response curves obtained by Knaak etal. (42) for paraoxon, parathion,
dialifor, phosalone, azinphosmethyl, dimethoate, and methidathion. The dose (EDg,)
resulting in 50% red blood cell and plasma cholinesterase inhibition after 72 h of exposure
is given along with the slopes of the log—probit regression lines. The 72-h exposure period
simulated a 3-day harvesting period. The results of these studies were used by Knaak etal.
(42,43) to establish safe levels on tree foliage (in pg/em?). Popendorf and Leffingwell (44)
used these cholinesterase inhibition data to develop their “unified field model.”

This work was extended by Knaak et al. (45) to include several important N-methyl
carbamates, used extensively in California agriculture, for the purpose of establishing safe
foliar Jevels and reentry intervals as described for organophosphates in Section 6.1. The
dermal dose—ChE response curves for methomyl, thiodicarb, methiocarb, and methiocarb
sulfoxide are given in Figs. 3 and 4.

The dose-response curve for methomyl is included with the curve for thiodicarb,
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Figure 3. Dermal dose-ChE response curves for thiodicarb and methomyl. Male Sprague-Dawley
rats weighing 220-240 g were used. A 25-cm” area of back skin was treated. RBC blood ChE activity
was determined after 24 h ol exposure. - — -, Thiodicarb; —. methomyl. Figure laken from Knaak et al.
{45). (Reprinted with permission from American Chemical Society book publications.)
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Figure 4. Dermal dose~ChE response curves for methiocarb and  methiocarb sulloxide. Male
Sprapue--Dawley rats weighing 220-240 g werc used. A 25-cm? arca of back skin was treated. Red cell
ChE activity was determined after 24 h of exposure. Fignre taken from Knaak et al. (45). (Reprinted
with permission from American Chemicat Society bock pubtications.)

because of their structural similarities. Thiodicarb may be described as a molecule of
methomyl linked to a second molecule of metlromyl via an N-5-N bridge. In the rat,
thiodicarb is metabolized to methomyl The dermal dose~ChE response curves indicate
that these two pesticides are similar in their ability to produce cholinesterase inhibition
when topically applied. This is surprising, because they possess different physical
properties. Methomyl is soluble in water to the extent of 5.83; w/v, while thiodicarb is
virtually insoluble in water and organic solvents. Safe levels were determined for both
methomyl and thiodicarb using the procedure of Knaak et al. (42).

3.4 Percutanecus Absorption

A number of dermatopharmacokinetic studies were conducted using radiolabeled
organophosphorus and carbamate pesticides (46,47) to determine the ate of pesticides. A
few of these studies were conducted in comjunction with dermal dose—cholinesterase
response studies to provide kinetic as well as cholinesterase inhibition data.

The fate, absorption kinetics, and dermal dose—ChE response of topically applied
[ting-U-'4C]parathion, [ring-U-'*CJcarbaryl, and [acetyl-1-*C]thiodicarb were
studied by Knaak et al. (46, 37). According to these studies, a 40-pg/cm? dose of parathion
is absorbed at the rate of 0.5 ug/h-cm?, The retention time on skin, ¢,,, = 24.3-28.6 h, was
less than its half-life, 28.5-39.5h, in plasma.

Carbaryl was not absorbed as readily as parathion. The retention half-life for a 40-
pgfom? topical dose was 40h, while the r,; for elimination from plasma was 67h.

. Thiodicarb dissipated at an initial rate (0-24 h: ¢, alpha phase) of 40h from the skin of

adult female rats and at a linal rate (24-167b; 1,,;, beta phase} of 254h. Thiodicarb
equivalents were at plateau levels in plasma during the study. The time—conceniration
curves for the absorption and elimination of [**CJparathion and [ '*Clcarbaryl in select-
ed rissues are given in Figs. 5 and 6. The time-course recoverics of dermally applied '*C-
labeled parathion, carbaryl, and thiodicarb are shown in Fig. 7. The model given in Fig. 8
describes the overall absorption and elimination of a topically applied dose. Matbach
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Figure 5. Time—concentration curves [or the simultaneous absarption and elimination of
[**CJparathion equivalents in plasma, heart, kidney, and liver. @,.Adult males; O, adull females. The
mean coelficient of variation for the tissue values at each time interval was 37%, Figure taken from
Krnaak etal. (46). (Reprinted with permission from Academic Press, Toxicology and Applied
Pharmacoloegy.)

et al. (48) studied the absorption of [1*C]parathion and [**C]ecarbaryl in human
volunteers. A 5-day period was required to achieve a completely absorbed and eliminated
topically applied dose. The studies indicated that carbary] was more readily absorbed than
parathion,

The results of parathion dermal dose-ChE response studies in male and female rats of
variable age are givenin Table 3. Blood samiples were taken and analyzed for red blood cell
cholinesterase activity 72 b after the application of the dosc. Purathion was more toxic to
females of varying ages than Lo males, and less toxic to young animals, on a weight busis.
On a surlace area basis, parathion was more toxic to lemales than males, equally toxic to
young and adult males, but less toxic to young females, than adult females. Carbaryl at
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Figure 6. Time--concentration curves for the simultaneous absorption and elimination of
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variation for the tissue values at each lime interval was 272, Figure taken from Knaak et al. {46).
(Reprinted with permission from Academic Press, Toxicology and Applied Pharmacology.)

dose levels as high as 4000 ug/cm? of skin did not inhibit red blood cell ChE activity 24 h
after the application of the dose even though it was absorbed through skin. According to
these absorpticn studies, the nature of the chemical, the nature of the skin and skin site, the
size of the exposure area, the cancentration on skin (in gg/cm?), and the time are the major
factors governing the amount of pesticide absorbed.

4 EXPOSURE ASSESSMENT
The development of the dislodgeable residue methodology and procedures for measuring

the transfer of pesticide foliar residues to workers provided the environmental data for
estimating dermal dose.

4.1 Dislodgeable Leafl Residue Methodelogy

4.1.1 Application of Pesticides to Small Plots. The maximum hazard that a worker
might encounter in a treated field is typically estimated by applying the maximum
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TABLE 3. Parathion: Dermal Dose—Red Cell ChE Response in Male and Female Rats of
Variable Age® :

EDq{ug/cm? EDg{ug/cm® of ED;,(mgfkg
Sex, Age, Weight” Slopes of treated areay  total body surfacef’  of body weight
M, 10 weeks, 296g 1.7 24337 1.7+03 2.4
M, 5 weeks, 145 g 1.3 227 +£4.2 16403 29
F. 13 weeks, 279g 1.9 140+ 3.7 1.0+03 t4
F, 5 weeks, 147 ¢g 1.5 19.0+4.1 13403 1.5

“Total area treated (7% of bedy surface).
*Sprague—-Dawley rats, Simmonsea. Gilroy, CA.
“Values given with 95% confidence limits.
Sourve: Knaak etal. (46},

registered or proposed label rate, even though the normal use rale may be lower. The
equipment used for the pesticide application should be typical of that used by the growers.
The method of application should be selected such that the maximum foliar residue results.
For example, the maximum label rate can often be applied to citrus trees by using either an
oscillating boom sprayer or an airblast sprayer. Because the amount of water used with an
oscillating boom sprayer may be on the order of 1500 gal/acre while that for an airblast
spraver is about 100 gal/acre, the amount of pesticide deposiled on the outer foliage is
different for the two applications. Airblast applications deposit more pesticide than boom
applications.

The selection of the size of the test plot shoulid be based on the ability to simulate an
actual pesticide application made by a commercial operator. Ideally, the plot should be
part of a larger field of the saume crop so that the environmental conditions are
representative of the crop. An isolated row of citrus, for example, would experience
different climatic conditions than a row of citrus located within a grove of similar trees. [f
climatic factors, such as low humidity and high solar radiatien, are believed to produce
additional ioxic residues such as organothiophosphate oxygen amnalogues {oxons),
pesticide applications should be made in typically hot geographic regions and months of
the year. However, the geographic region and time of year should not be atypical for the
treated crop or the pesticide used, so as to produce atypical resuits of pesticide residues.

4.1.2 Development of the Leaf-Punch Sampler. Pesticide residue data are generally
expressed in terms of weight of pesticide per unit weight of matrix, such as micrograms per
gram of soil, or weight of pesticide per unit volume of matrix, such as micrograms per liter
of water, In both cuses, one is interested only in the ratio of the amount of pesticide to the
amount of matrix. When attempting to assess the hazards of reentry, it was recognized that
only that portion of the tctal residue which was transferable to the worker was of concern.
Pesticide residues inside plant tissues ot surface waxes are not available to the agricultural
worker, except through ingestion of the plant part, and therefore need not be considered.
Conversely, pesticide residues on the plant surlaces are clearly the chief concern.
Residues may also be present as a liguid or solid pesticide deposit on the leaf surface, or
they cun be present in dust particles or clay particles, especially when they are used as
(ormulation carriers. In peneral, surface residues require a surface area measurement so
that the amount of pesticide can be reported on a per unit area basis, such as micrograms
per square centimeter. Because foliage was initiatly suspected as the primary source of
pesticide exposure, i technigue to measure contamination was needed. An estimation of
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leafl area was possible using templates, but it was impractival. However, Gunther and co-
warkers (30) recognized that leaves, analogous to sheets of paper, could be punched in
standard sizes. By knowing the aperture of the leaf punch and the number of leaf disks
collected, the tatal area represented by the sample can readily be calcalated. Thus, the Jeal-
punch sampler was developed as the tooi of choice for collecting samples of foliage for
residue analysis {50). '
Two different apertures were initially used. A 2.5-¢m {1-in.) aperture was used for
sampling ciirus Jeaves. A [.8-cro aperture was used for peach leaves to accommodate the
thinner nature of these leaves compared 1o citrus and grape leaves lor excising purposes
and the nmarrower nature of peach leaves. The punch had a concave surface to avoid
disturbance of the surface residues. Unlike later leaf punches, the eartier models were
designed so that the punch rotated one-eighth of a turn during the downward stroke to
shear the leal tissue and enhance the excision process. The first leaf punch was based on the

Figure 9. Punch for obtuainfag teal disks for analysis of disledgeable residues.
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basic design of Smith and Little (51) and was privately manufactured by NMorman Willett.
Cureently, leaf-punch sampters are available from Birkestrand Company (2563 Loma
Avenue, South E1 Monte, CA $1733). A photograph of the leaf-punch sampler is shown in
Fig. 9. ’

The simplicity of this sample collection procedure allowed the collection of a targe
number of leaf disks per treated ficld. Both statistically adequate sample size and
appropriate field representation can easily be achieved. A collection jar for the sample
simply screws onto the sampler and is replaced with a clean jar after each batch sampie has
been collected (Fig. 9}. The jar containing the sample is simply capped and returned to the
laboratory. An 8-o0z jar is recommended to reduce the likelihood that the leaf disks will
remain clumped together during the dislodgeable residue removal step.

4.1.3  Collection with the Leajf-Punch Sampler. Leaf-djsk samples are collected such
that representative samples are obtained. In the case of tree crops, leaf disks are collected
such that leaves from each octant around the tree are sampied equally by using eight or
more trees. For row crops such as grapes, random samples from various heights are
collected from a representative length of a field row. The primary objective is to collect
samples from the type of foliage [rom which the worker will obtain the most contacl or
residues. A set of 40 disks per sample and three field replicates is deemed adequate. A
stroke-activated counter on the leaf-punch sampier is used to keep track of the number of
leaf disks collected. Variation among field replicates averages about 15%.

Field experience has demonstrated that the cutting edge needs to be cleaned after each
batch sample with a tissue paper or a cotton swab moistened with water or acetone to
remove plant jutces, to maintain easy operation of the punch and to prevent cross-
contamination between samples. It is best not to rely solely on the stroke-activated
counter but to keep track mentally of the number of leaves sampled. The leaves should be

ool |Ik|H

free of excess moisture at the time of sampling; moisture resulting from a spray application,

rain, overhead sprinkler irrigation, or morning dew should be allowed to evaporate before
sampling is undertaken. Sample storage has been addressed by Gunther et al. (52).

4.1.4 Removal of Dislodgeable Residues. The dislodgeable residue procedure
involves the removal of surface residues by shaking the leal disks with a dilute agueous
surfactant solution. The surfactant used was the American Cyanamid Company’s Sur-Ten
consisting of sodium dioctylsulfosuccinate. The first published procedure gave instruc-
tions that the leaf-disk sample be first shaken with 50 mL of the surfactant solution for-t h
and then with S0 mL of fresh solution for 30 min, and finally with 25 mL of solution for 5.
The three wash solutions were combined in a separatory funnel and extracted with an
organic solvent to recover the pesticide. This residue removal procedure with some
variations has become a standard method for recevering distodgeable residues (53).

4.1.5 Plotting Results and Determining the Half-Life of Residues. Following -

application, the dissipation of dislodgeable residues from foliage 1s a complex process. It is
dependent on the chemical and physical properties of the pesticides and their alteration
products. If the logarithm of the residue is plotted against time, the dissipation process
appears to have as many as three distinct parts. During the initial 1-3 days after
apphication, residues may decline at a very rapid rate. Pesticides may be lost through

~volatilization along with the water used as a diluent or may penelrale into plant tissues.

Between | day and 3 weeks after application, there is a much slower loss of residues, Then
finally, after 3—4 weeks after application there is a very slow loss of residues. The entire
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dissipation process is influenced by the presence of water, surfactants, emulsifiers,
hydrocarbons, clays, and other materials present in the formulations.

42 Examples of Dislodgeable Residue Dissipation Curves

Dissipation curves for foliar applications of parathion, azinphosmethyl, and methidathion
are given, respectively, in Figs. 10, 11, and 12. Paracxon was formed on citrus foliage from
parathion within the first 3 days postapplication (Gunther et al., 54). Whereas parathion
residues continued to decline, paraoxon residues appeared to remain stable on the foliage.
This high persistence of a very toxic compound was the main reason for the poisoning
episodes associated with this pesticide. Azinphosmethyl dissipated more slowly on citrus
with the formation of its oxygen analogue at the 6-1b Al/acre application rate (Kvalvag
et al,, 5. At lower rates of application, the oxon of azinphosmethyl was not detected. The
oxygen analogue of methidathion was formed from the parent compound shortly after its
application to citrus foliage {56). As the level of parent insecticide declines, the amount of
oxon lost matched the amount formed and led to a “steady-state” residue tevel. When the
parent insecticide reached lower levels, oxon dissipation was not offset by any additional
oxon being formed and the oxon level declined.
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Figure 10. Dissipation of parathion {¢losed symbols) and paraoxen (open symbols) on orange trees
by gas chromatography. M, and [l, 10lb Al parathion, 100 gal per acre. A and A, IbAI
parathion/1600 gal per acre. Figure taken from Knaak and Twalta (71}, (Reprinted with permission
from American Chemical Society book publications.)
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Figure 11. Dissipation curves for dislodgeable foliar residues of azinphosmethyl after a Guthion 2EC
application toorange trees at 61h AI/100 gal (B) and at 61t AL'L200 gal { A} per acre and at 2{@)and
1{¥)lb Alf500 gat per acre. Azinphosmethyl oxon{[1) was determined only at the 6-1b AI/1DG gal per
acre treatment rate. Vertical lines give the range of values for six field sample replicates analyzed for
azinphosmethyl and two field sample replicates analyzed for oxon. Data from Gunther et al, (54) and
Kvalvag et al. (35). (Reprinted with permission from American Chemical Society book publications.)

4.3 Transfer of Foliar Residues to Workers

Tnvestigative studies dealing with the hazards to workers contacting foliar residues of
organophospharus pesticides (OPs) principally involve ethvl parathion (Spear etal,, 19},
dioxathion (37), and phosalone (27) in California. Milby etal. (2) and Westlake et al. (57}
estimated dermal exposure by washing unabsorbed residues from skin and measuring the
residues in the washings by gas chromatography or by estimating the dermal dose
indirectly [rom the amount of dust removed by scrubbing and rinsing skin, assuming that
the pesticide concentration on skin was equal to the concentration in foliar dust.

The present and currently most acceptable method for measuring the dermal dose
makes use of a multilayered cloth patch attached to skin or clothing to collect residues.
The method was first used by Durham and Wolfe (58 in their investigations. Exposure
patches consisted of 10.2¢m x 10.2cm (4in. x 41in.) glassine weighing paper backing, a
din. = 4in. alpha-cellulose center, and a 10-ply 4in. x 4. surgical sponge outer dust
collection medium. The parches are attached on the inside or outside of clothing, on both
shoulders, chest, buck, both forearms, and both upper arms, thighs, and shins. Residues
on the hands are collected by washing the hands with soap and water or using alcohol.

Popendarf and Lelfingwell (44) published the first quuntitative model that relates hield
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Figure 12. Dissipation curves for disiodgeable foliar residues of methidathion {closed symbols) and
methidathicn oxon (open symbols) after a Supracide 2E application to orange trees at 5.61b AI/100
gal (M, T1)and 5.61b A1/2250 gal { &, A) per acre. Vertical lines give the range of values obtained for
six field sample replicates. Data [rom {wata etal. (56). (Reprinted with permission from American
Chemical Society book publications.)

worker exposure to foliar pesticide residues. The data used in this model were obtained
from a series of field reentry studies conducted in California with dioxathion, ethyl
parathion, and methidathion on grapes, citrus, and peaches. Each pesticide was applied by
commercial equipment according to the instructions on the label. Workers equipped with
dermal patches were allowed to reenter and harvest fruit on a daily basis from 1 te 3 days
after application. Patches were removed after the end of the workday or some fraction of
the day and analyzed for pesticide residues according to worker, day, and anatomical site.
During each workday, leal-punch samples were taken in the area of the vineyard or grove
being harvested. The leal samples were collected and analyzed according to the method of
Gunther et al. (50).

The procedures used by Popendorfl and Leffingwell (44) for calculating the rate of
exposure (total body exposure in pug/h) from dermally collected (patches) and extracted
residues are described by Davis (39) and Popendorf (60). These procedures extrapolate the
dose rate on the patch to that on the skin surrounding each patch. Data were adjusted {61)
based on the mensuration formula characteristic of each location and anatomic
dimensions of the 50th percentile man (62,63). Figure 13 presents key skin areas as a ‘
percentage of the total surface area (SA). Log-log regression analysis of the data showed
that the relation between residues and dose is essentially linear as indicated in Fig, 14.
Popendorl and Leffingwell (44} defined the dose to the worker by

D' =kR, (2}
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Figure 13. Human dermal surface area model derived from mensuration formula and anaiomic
dimensions. Each percentage corresponds to the proportion of the total surface area (SA) for each

location. Figure taken from Popendorf and Leflingwell {44). (Reprinted with permission from
Springer-Verlag, Residue Reviews.)

where [ is the dose (in mg), R is the measured residue (in ng/cm?), 7 is the occupational
exposure time (in hj, and k, s a crop or/and work practice-specific coeflicient. The slope of
the line (em?/h) of k, value relates a foliar residue (ng/cm?) to dose rate (ug/h) by simply
multiplying a foliar residue level in ng/cm? by the &, value in em?/h to give the dose rate in
©g/h for a one-sided leaf residue as shown in Fig. 14. To convert to a two-sided residue all
residue values must be divided by 2. A kq value of 5.1 was the transfer coefficient {ng/h
versus ng/cm?) most often used by investigators involved in estimating pesticide exposure
to workers reentering treated citrus, A k, value of 5100 is used to relate a dosein yg/htoa
foliar residue in-ug/cm?.

The use of the model developed by Popendorfand Leflingwell (44) to predict harvester
exposure to foliar residues in states such as Florida was questioned by Nigg et al. (64) who
suggested that differences m California—Florida foliar and soil particulate matter might
lead to a 10-fold greater California harvester exposure. This concern prompted these
researchers (64) to develop a Florida model for predicting harvester exposure. Chloroben-
zilate was applied to a mature block of Valencia oranges. Ten field workers wearing
patches entered the grove 2, 3, and 4 days after the pesticide was applied to harvest fruit.
Patches were collected at the end of the workday for analysis, All paich data were used in
estimating totat or partial body exposure (ug/em?-h). Good correlations were obtained for
upper body exposure {excluding hands) versus leaf residues, & = 0.70; hand versus leaf
residue, R = (1.97; lower body versus leaf residue, R = 0.98; and total body exposure versus
leaf residue, R = 0.98.

The predictive equation was ¥ {(cstimated total body exposure, pp/h)= (10652
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Figure 14. Composite dislodgeable residue versus dermal dose relations {rom Spear etal (19),
Popendorf etal. (27), and Popendorf (60): O, citrus, multiple pesticides; U, citrus, superoxon; &,
peaches, multiple pesticides. Figure taken from Popendorl and Leflingwell (44} (Reprinted with
permission from Springer-Verlag, Residue Reviews.}

+ 2393 em?/h)X + (— 74 + 430 ug/h), where X is the residue on the leaf surface in pg/em?.
No log—log transformations were required as used in the California model. A reanalysis of
the unmodified Popendorf and Lelfingwell (44) data by Nigg et al. (64) yielded smaller
ercors in estimating the dose from the regression line than transformed data. Since
Popendorf and Leflingwell (44) used one-sided leaf data in ug/cm?, their data were divided
by 2. The results indicated that there was no significant difference between the California
and Florida models. '

Nigg et al. (64) suggested that the two models for citrus fruit harvesters be averaged.
The Y intercept values are small and should be canceled, leaving a simple equation for
estimating total body exposure from foliar residues. This results in the following equation
for a two-sided residue: exposure (ng/h) = 10* times residue (in pg/cm?), where 10% is the
slope of the regression line or transfer coefficient in cm?/h.

This\iiscussion shows that there are obvious differences in the data base. The Florida
model is based on chlorobenzilate, an organochlorine miticide, while the California model
is based on several experiments involving organophosphates, different workers, and
different work conditions. The results, however, suggest that the differences in the work
environment have been overemphasized between Californin and Flortda. This also
provides some assutances that estimation procedures used to estimate the uptake of
chemicals by environmentally exposed persons are reasonably sturdy and not very
sensitive to many of these factors.

~
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5 EARLY AND CONCURRENT PROCEDURES FOR
CALCULATING A REENTRY INTERVAL

takes into co
reentey (R), th

. , . . o . . . response (cha
Simple mathematical equations telating toxic foliar residues and cholinesterase inhibition

were desired by regulatory olficials to determine reentry intervals. A discussion of the early
and concurrent procedures are given in this section.

51 Early Procedures

A mathematical procedure was proposed by Serat {63) to utilize organophosphorus
pesticide foliar residue and cholinesterase depression data in workers exposed to these
residues for estimating reentry times. The dissipation of the organophosphorus pesticide
(in gg/cm?® or ppm) was determined from leaf-punch samples taken at 2,4, 8, and 28 days
after a 7-lb/acre application. Ten workers were ailowed to enter the field. 3 days after
application to harvest oranges for a peried of 5 davs. Cholinesterase detivity was

determined in the blood of these workers prior to and during the 5-day work period. : where k,=p
Plasma activity was depressed. The residue data taken on each working day reflected the ' T=r
cumulative exposure of the workers. A semilogarithmic plot of ChE activity against oo ki=T
+ cumulative insecticide exposure gave a stratght-line relation. If a 10°% decrease of ChE is =
acceptable, the residue producing this effect may be obtained from the curve. A plot of the kg =z
residue data against titme was then used to determine the reentry time. m=t
Serat and Bailey {66} introduced the toxicological potential concepl as the ratio AACHE =1
- between the pesticide residue level on foliage and the dermal LD, value. In a latter study . k.=e¢
Serat et al. (67) suggested that worker reentry times could be estimated without exposing LD, =d

human beings to pesticide residues. The model combined the toxicolegical potential (66)

concept with the earlier method for calculating safe reentry times (65), but the model )
neglected the effect of crop on the levet of exposure and the toxicity of oxons in the - In.apply'iqgt
dislodgeable residue. using eq. {3)

In an unpublished paper by Spear (68) entitled “The Reentry Problem: Perspectives on
the Regulatory Implications of Recent Research,” the concept of setting safe pesticide
levels on foliage in conjunction with safe teentry intervals was discussed in relation to the
presence of ethion and the mono- and dioxons of ethion. The combined hazard of these
materials is proportional to the sum of the amounts present weighted by the toxicity of
each compound. According to Spear, the difficulties of indirectly estimating the relations This equatio
between foliar residues, the residues transported to skin (dermal dose), and the absorbed : sided residue
dose leading to a toxic response led the Milby Committee (23) to conclude that “there is no
substitute for basing worker safety re-entry intervals on carefully designed studies
involving human beings, at least until a sufficient data base and experience permit similar
latitude of design of reentry experiments.” )

Since the time of the report by the Milby Committee and the unpublished report by On the basis
Spear (68), the relation between exposure, absorption, and the toxic effect has been defined dermal LD
using the results of field studies and animal dermal dose—ChE effect studies. The results of
these studies and their wsefulness in establishing safe levels and safe reentry times are
presented in Sections 5.2 and 6.

be rearrange
shown in Eq

5.2 Concurrent Procedures

Popendorf and Leffingwell (44} developed a “uniferm field model” for evaluating foliar

: . . o . The uniform
residue hazards and setting reentry intervals for organophosphorus pesticides. This model

new pesticid.
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takes into consideration the residue initially deposited on foliage (R,), the residue at
reentry (R), the dose (mg) deposited on worker’s skin (1Y), the absorbed dose (D}, and the
response (change in AChE). The model is presented in the form of Eg. (3)-(6).

R=Rgexp(— k. T} (3)
D = kytR, )
kD
D=—"—, (%)
m
AAChE =1 ( — k"D) 6)
=1—ex — 1,
P\ 1D.,

where k, = pesticide specific residue decay coeflicient
T = reentry interval {days)
k, = residue transfer coeflicient {cm?/h)
t = exposure period (h)
k, = absorption coefficient for fraction absorbed
m = body mass {nominal 70kg)
AACHE = fraction of RBC cholinesterase inhibited
., = enzyme coefficient (use 6.0 for a topical dose and k,=1)
1.D,, = dermal dose required to kil half the population.

In applying this model, the fractional change in acetyicholinesterase activity is estimated
using eq. (3}-{6) or by combining them into Eq. (7).

B kek“(kdIRﬂ exp(— k,T))

AACHE = Lexp D " ) (7
50

This equation may be simplified further to Eq. (8) for citrus, where R, =1 ug/cm? (one-
sided residue), T=0, k;= 5.0cm?/h, and t =80h:

—3.
AAChE=1— cxp( 43 ) (8)
LDs, ’

On the basis of Eq. (8). the fractional change in cholinesterase activity is dependent on the
dermal LI, of the organophosphorus insecticide under investigation. Equation (7) may
be rearranged to detcrmine a reentry interval T for an organophosphorus insecticide a8
shown in Eq. (%)

— LD, In{l —AAChE
T ko a0 ) ©)
343

The uniform field model as described above has not been used 1o set reentry intervals for
new pesticides such as chlorthiophos or carbosulfan as carried out in Sections 6.3 and 6.4.
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Popendorf and Leffingwell (44) have used this madel for calculation reentry intervals for TABLIéI?-E i
parathion during high oxon preduction and high-oxon slow-decay conditions. Under PL
conditicns of high oxon production, a 33-day reentry interval was calculated for a 2%
change in AChE activity. Under conditions of high oxon production and slow-decay rates,

e a 53-day reentry interval was determined for this change. This model was adjusted by E‘fﬂf‘i_
: S Popendorf and Leffingwell {(44) to take into consideration the combined toxicity of the Paraoxen
parent pesticides (LD,,), their alteration products, and their rates of formation and - ' Methidathio
1 dissipation (k,}. If the rate of absorption is significantly different for each of the products Azinphosme
" formed on the surface of the leaf, individual absorption rates may need to the determined M_’E“?id“thi‘
e for the pesticide and each alteration product. The Popendorf and Leflinawell (44) unified Diglifor
i field model is conceptually sound but requires the development of enzyme, absorption, Pzr%ﬂ;m?
, residue transfer, and residue decay coefficients in conjunction with dermal toxicity data izz?s};::w
‘ ﬂ: and residue data to set reentry intervals. In the development of this madel many of the Dimethoute
: 4 parameters were estimated from a number of studies conducted with organophosphorus —
pesticides. Pesticide s
iz : PEY3gq of po
f&rﬁ . ‘Relative to
o N 6 MATHEMATICS OF SETTING SAFE LEVELS ON FOLIAGE . 93pear et al
) ‘ “Estimated
1 ! Current mathematical procedures developed in California and used by the California ' J'P_"P'mdc’rr
:ﬁ Department of Food and Agriculture are described in this section along with procedures lﬂlehla'r‘f;i
it recommended by the U.S. Environmental Protection Agency (12). ource. 14
|
6.1 Dermal Dose—ChE Response Studies and Field Worker Observations 0
i anophz
i i The results of dermal dose—ChE response studies were used in conjunction with the results g::;a (EPD:
iy of field worker studies for estimating safe foliar residue levels for a number of ofbody w
Hi ' ' : cell inhibi
b - TABLE 4. Dermal Dose~ChE Response Expressed in Terms of Total Body Surface, Body for parao
Weight, and Safety Index thoate. In
s ‘ Richards
. EDqq (pg/cm?® ] . Derma]' Safety ln.dex estimate
Pesticides of body surface)® EDy, (mg/kgf  LDs, (mg/kg) LDso/EDg,imarke) azinphosr
1 Paraoxon 033+02 0.5 200 4.0 0.02 ugfcr
1 Parat'hmn . 24403 14 21.0;‘ 6.2 standards
o+ ]];).r{c?;dathmn i93 f gi ;;8 150.0 10.0 oxon, dia
Lalikor =J. 5 B . —_— —
Azinphosmethyl 250405 350 2000 6.3 Table 4.1
Phosalone 188.0 +04 265.0 1450.0° 5.5 and the p
Dimethoate 4320+2 611.0 1420,0¢ 2. pesticide
“Pesticides were individually applied in 1.0mL of acetone to the clipped backs (25cm?) of 220-240-p safe I
4] malc rats. Blood was taken 72 h after application for ChE determination. Response expressed in terms
of total bedy surface (325 em?) from dermal dose—ChE response curves in Figs. 2 and 3. Values are =
given with 93 conlidence limits.
*Yalues determined from dermal dose-ChE TESPONSE CUrves. ’ :
“Bstimated. . 6.2 Rec
"Gaines (400 Ye oxid.
“CIBA-GEIGY Toxicoloygy Data Bulletin.
"Mazuret (49). . ;:_E roi(l:.)en(s:
Gaincs (41).

; }. Source: Knaak et al. (42). methida:
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TABLE 5. Establishment of Safe Levels {(pg/em?) on Tree Foliage Using Results of Dermal
Dose—ChE Response Studies in Male Rats and Field Reeniry Studies

Sale Level

ED., (pg/cm? Relative on Foliage
Pesticides® Slopes of body surface) Toxicity” {peg/em?y
Paraoxen 23 033 10 o002
Methidathion 2.9 10.00 30.0 0.60
Arzinphosmethyloxon 20 .82 ‘ L0 0.05¢
Methidathicnoxen 1.8 22 30 Q.15
Dialfor 1.3 230 0.12 0.8
Parathion 1.3 24 0.013 {.09
Phasalone L5 188.0 1.0 7.0f
Azinphosmethyl G5 250 1.0 NN
Dnimethoate 0.7 432.0 17.0 530

“Pesticide standard in italic.

*ED,, of pesticide uader investigation divided by EDy, of pesticide standard.
“Relative toxicity multiplied by sale level of standard. '

ISpear et al. {69).

‘Estimated.

TPopendorf etal. (27).

fRichards etal. (70}

Source: Table is composite of data from Knaak ¢tal. (42} and Knaak and Iwata {71).

organophosphorus and carbamate pesticides, Table 4 gives the dermal dose~ChE response
data (ED.,) in terms of body weight and total body surface. and the dermal LD, in terms
of body weight. On the basis of total bedy surface, the quantities producing 507 red blood
cell inhibition were 0.33, 2.4, 10.0, 23.0, 25.0, 188.0, and 432.0 pg/em? of skin, respectively,
for paraoxon, parathion, methidathion, dialilor, azinphosmethyl, phosalone, and dime-
thoate. [n Table 5, these values and the results of studies conducted by Spear et al. (69),
Richards etal. (70), and Popendorf etal. (27) were used by Knaak etal (42,43,71) to
cstimate sale levels on foliage. The field exposure studies established safe levels for
azinphosmethyl, azinphosmethyl oxon, phosalone, and paraoxon of 3.1, 0.05, 7.0, and
0.02 pg/om?, respectively. These pesticides and their safe foliar levels were used as
standards for establishing additional safe levels on foliage for methidathion, methidathion
oxon, dialifor, parathion, and dimethoate using their relative toxicities as shown in
Table 4. In practice this was accomplished by grouping the pesticides under investigation
and the pesticide standards according to their slopes, and determining a safe level for the
pesticide under investigation using Eq. (10}

safe level (ug/om?) for pesticide under investigation

= safe level of standard = ED., {(ug/cm?) of pesticide + ED;,, of standard.  (10)

6.2 Reentry Intervals for Thions and Oxons

Tle oxidative conversion of methidathion, azinphosmethyl, and parathion on leaf surfaces
to oxons necessitated the development of a procedure for establishing safe levels on foliage
for the combined hazard posed by thion and oxon residues. This was accomplished lor
methidathion, azinphosmethyl, and parathion {71} by ullowing the oxon to be present ata
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- TOTAL

PARAT HION
RESIDUES

DISLODGEABLE FOLIAR RESIDUES | ug/cm?)

s -

005

[aXel! L 1 I 1 1 1 L L.
o3 10 2G 30 40 50 50

DAYS AFTER SPRAYING

Figure 15, Dissipation of combined residues (thion + oxon) of parathion and paraoxon on orange
wrees, — M-, 101b AT parathion/100 gal per acre; — & -, 1G1b Af parathion, 1600 ga) per acre. Dashed
jine is safe level {or thion + oxon. Curves are drawn from Fig. 10, Figure taken from Knaak and Iwata
{71). (Reprinted with permission from American Chemical Society book publications.)

safe level and by reducing the combined residue of oxon and thion to 0.06, .02, and
1.6 pgfem?, respectively, for parathion, methidathion, and azinphosmethyl; see Table 6. A
safe level for the mixture may also be estimated by determining the toxicity (ED,) of the
oxon and thion mixture using the method of Finney (72) in Eq. (11}

EDy, (mixture, ug/cm?) [ Py + i + -+ Py :]ﬁ1 (1)
50 » ME/ = f
EDsqy  EDsqa EDsq » )

where P, and P, are the proportions of oxon and thion, respectively, on foliage after 10, 20,
or 30 days as shown in Table 6. In the case of parathion—paraoxon at 10 days, the ED 50 OF
the mixture was 23.4 pg/em?, while the safe level for the mixture was 0.067 upgfem? as
determined by Eq. (12). This value is equivalent to the one given in Table 5 for parathion—
paraoxon, 10 days after application.

EDy,, thion + oxon

SL, mixture (ugfem?) = x SL, phosalone. (12)

ED;,, phosalone

The relation between total parathion—paracoxon residues, their rate of dissipation, and the
safe level for total thion and oxon is shown in Fig. 15, The dashed line is the safe level,

6.3 Reentry Interval for Chlorthiophos

These studies by Knaak etal (42) and Knaak and Twata (71} provided a method for
determining a reentry interval for a new pesticide, chiorthiophos, on citrus. Figure 16
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Figure 16. Dislodgeable residues of chlorthiophos and its oxidation products on orange foliage after
application of Celathion 40WP at a rate of 9.5 1b AT/1900 gal per acre. Vertical lines indicate the range
of values found for six replicate field samples. Figure taken from Iwata etal. (73). (Reprinted with
permission from American Chemical Society, Journal of Agriculture, Food and Chemistry.)
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Figure 17. Chemical structure of chlorthiophos and five ChE-inhibition oxidation products. Figure

taken from Jwata et al. {(73). (Reprinied with permission from American Chemical Saciety, Journal of

Agriculture, Food and Chemistry.)
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Figure 18. Percentlage of red blood cell ChE inhibition in rats sacrificed 72 h alter treatment of nature
of skin surface with chlorithiophos or one of its five oxidation products. Figure taken [rom [wata et al.
{73). (Reprinted with permission from American Chemical Society, Journal of Agriculture, Food and
Chemistry.)

(Iwata etal, 73) shows the dislodgeable residue data obtained when a commercial
formulation of chlorthiophos, Celathion 40W, is applied to citrus at a rate of 9.51b
AI/1900 gal per acre. The chemical structures of the dislodgeable residues are given in
Fig. 17. Chlorthtophos and five toxic oxtdation products were found. Dermal dose—ChE
response studies in the rat were performed on each toxicant to determine its ED ., value as
shown in Fig. 18. The oxons were similar in their toxicity, while chlorthiophos,
chiorthiophes sulfoxide, and chlorthiophos sulfene were less toxic. Safe levels on foliage
were determined for each toxicant using the procedure of Knaak et al. (42). Paraoxon,
parathion, and azinphosmethyl were used as pesticide standards (Table 7).

Two procedures were used to calculate safe reentry levels for chlorthiophos and its
oxidation preducts on citrus, The first method used the procedure of Knaak and Twata (71)
for the combined thion and oxon residues as shown in Table 8. This method may be
simplified using Eq. (11) and (12). Equation (}1) first determines the ED, of the mixture
(thions and oxons). The value (15.1 pg/cm?, 20 days after spraying) was used in Eq. 12,
where it was divided by the ED;, of the oxon sulfoxide (40.3 pg/an?) and multiplied by the
safe level (SL) for chlorthiophos sulfoxtde (0.19 ug/cm?®) 1o give 0.07 ug/cm? as the safe level
for the combined foliar residues in Table 8.

The second procedure {lwata etal, 73) used to determine a safe reentry level was a
modiftcation of one proposed by the U.S. Environmental Protection Agency (12); sece
Table 9. A no observable eftect level (NOEL) was determined (ED ) for the combined
restdues of chlorthiophos sullone and sulfoxide, and chlorthiophos oxon sulfoxide and
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TABLE 7. iZstablishment of Safe Residue Levels (ugfcm?) on Citrus Tree Foliage Using Results
of Dermal Dose—ChE Response Curves and Field Reentry Studies according to Knaak etal. (42)

Insecticide Slope of . EDgq (pgicm? Sale Level

or Alteration Dose—Response of total body Relative on Fohage,

Product” Corve® surface)” Toxicity* |ugfom?y

Chlerthicphos 25 a1 9.4 019
sulfoxide

Chlorthiophos x4 8.8 27 0.54

Paraoxon 23 .33 1 0.027

Chlosthiophos 20 1.2 36 0.07
oxon sulfone

Chlorthiophos 1.9 G.69 0.29 0.03
oxon sulfoxide

Parathion 1.3 2.4 1 0.094 -

Azinphosmethyl 09 25 . 1 306

Chlorthiophos 0.8 13 0.53 1.6
sullfone

“Reference compound is in italics; this compound is one [or which actual [teld salety infarmation is
available.

*Slopes derived fcom Fig. 18 for chlorthiophos and fts alteration products. Data used to construct the
figure were statistically analyzed according to the log—prebit analysis procedure of Finney (72},
‘ED,, in gg/cm® multiplied by 25 cm? (treated arca) and divided by 323 cm? (total surface area of the
rat).

4ED,, of the compound under investigation divided by the ED;, of the reference compound.
*Relative toxicity multiplied by the established safe level of the reference as determined by actual
reentry studies.

ISpear etal. (69).

fRichards etal. (70).

Source: Iwata etal. (73).

TABLE 8. Procedure for Establishing Safe Levels (ng/cm?) of Total Thions Plus Oxons of
Chlorthiophos on Citrus Tree Foliage According to Knaak and Iwata (71)

(Thion + Oxon)/
{Thion + Oxon

Residues {ug/cm?) %x RT) = SL
Days After Thion + Oxon for Thian?
Spraying - Thion®*  Oxon'  Thion+ Qxon x RT* (ug/em?)
20 0.12 0.11 0.23 . 0.0 007
40 0.04 0.09 0.13 0.43 0.06
60 0.04 0.07 0.11 0.37 0.06

“Since no chlorthiophos is present at or after 20 days, thion residues are the sum of chlorthiophos
sulfoxide and sulfone. Values were obtained from Fig. 16.

*Since no chlorthiophos oxon is present at or after 20 days. oxon residues are the sum of chlorthiophos
oxon sulfoxide and sullone. Values were obtained lrom Fig 16,

“RT (relative toxicity) is the EDyy, of the chlerthiophos sulfoxide divided by the EDg, of the oxon
sulfoxide. This RT differs in definition from that in Table 7.

81 {sale level) for the thion is 0.19 pg/cm? as given in Table 7 for the most toxic thion, chlarthiophos
sulfoxide.

Source: [wata et al. {73).
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TABLE 9. Calculation of Reentry Intervals According to U.S. EPA Guidelines (12) with Slighe
Modifications’

Tatal Reentry
Compound NOEL* AELY Dose* Level!
Day Ratio® (ug/kg-day) (ug/ke-day) {pg/h) {pgfem?)
20 4:1:1:3 391 39.1 342 0.08
40 2:1:2:4 RIE:S 304 266 0.06
60 2:1:2:3 309 309 270 0.06

The medilication invelves taking into account all toxic residues present on the foliage and using a
total toxic residue level curve.

*This is the ratio of sulfoxide : sulfone : oxen sulfoxide: oxon sulfone present on foliage as shown in
Fig. 16.

‘No effect level (NOEL) calculated [rom data from dermal dose~ChE response curve. NOEL =ED,
(25 cm?)/(0.23kg/duy). Predicted ED o =[P,/ED 4 ; + Po/ED o+ -+ Py /ED  4]7", where
P = proportion of compenent in mixture (Finney. 72). ED, 4 values were extrapolated from Fig. 18.
ED, , for chlorthiophos, its sulfoxide, its sulfone, its oxog, its oxon sulfoxide, and its oxon sulfone were
35,12, 4, 2, 2, and 3.5 pgicm?, respectively.

{Allowable exposure level (AEL)= NOEL/SF. Salety factor (SF) = 10.

¢Total dose = (AEL)(body weight, 70 kg)/{duration, 8 h/day).

fFrom total dose determine reentry level from graph of whole-body dermal dose {ug/h) versus
dislodgeable foliar residues (ng/em?®} from data of Papendorf (60} as abbreviated by US.
Environmental Protection Agency (12).

Source: Iwata et al. [73).

sulfone on foliage, 20, 40, and 60 days alter spraying. The ED |, values from the dermal
dose—ChE response curves (Fig. 18) were used. The ED,, value for the mixture was
determined using Eq. {13). The NOEL was calculated using the EID, , value for the mixture
in Eq. (14), while an acceptable exposure level (AEL) was determined by Eq. (15).

ED, o(mixt cm?) |: it W L ]71 {13)
mixture, pg/em*) = ) 3
" EDyo; ED,q; EDjox

, ED,, {25cm?) _
L3 KBS

wg/kg-day —,
7 total dose = (AEL)(bOd_V weight, 70 kg) (duration, 8 h;’day). (16)

A total dose was caiculated using the AEL value in Eq. (16). Finally. in Eq. (17), a reentry
level was determined bty dividing the tolal dose by o transler coefficient &, = 5.1,
determined graphicallv by Popendorf and Leflingwell (44) refating whole body dermal
dose {ug/h) to dislodgeable foliar residues (ng/cm?):

reentry level (ng/cm?) = ——ee— =~ 17
’ e ky=51cm*h a7
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The reentry or safe levels determined by these two procedures gave almost equivalent
values because the same dislodgeable residue and toxicological data base were used.
Differences, however, exist in the manner in whick these two methods used exposure data.
In the first method, results of worker exposure studies were used to estimate sale residue
levels for certain pesticides in the field using dislodgeable residue data and red blood cell
cholinesterase measurements in the worker. The safe level for the pesticide was then used
as a field standard in conjunction with relative animal potency data to relate the safe level
of the standard to a pesticide under investigation. The second procedure did not use
cholinesterase values from exposed workers, but rather developed a graph relating foliar
residues (ug/em?) to dose (ug/h) for workers harvesting crops. Anmimal dermal dose~ChE
response data were used to determine an acceptable AEL, total dose, and sale level from
the graph.

Either method is acceptable for setting reentry intervals for organophosphorus
pesticides. However, the Knaak and Iwata (71) method required field observations relating
residue on foliage to changes in fteld worker cholinesterase values [or the pesticide
standard. Blood cholinesterase measurements in field workers are not required by the
modification of the U.S. EPA procedure (12). In either case, workers should be monitored
for AChE inhibition after a reentry interval is established on a new organophosphorus
pesticide. On the basis of the calculated safe reentry levels determined for chlorthiophos, a
70-day reentry interval was proposed by Iwata etal, {(73). Because of this long reentry
interval and the marginal efficacy of this organophosphate, Celathion 40 W has not been
registered n California.
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6.4 Reentry Interval for Carbosulfan

The procedure used to determine a safe level and reentry period for chlorthiophos was
recently used by Twata et al. (74) to establish a reentry interval for Advantage 2.5EC, a new
insecticide containing carbosulfan as the active ingredient. This insecticide was applied to
mature orange trees at a rate of £.51b AI/200 gal per acre. Foliar dislodgeable residue data
given in Fig. 19 were obtained over a period of 45 days. Carbosulfan is degraded on foliage
to carbofuran and a metabolite, 3-hydroxycarboluran. A safe reentry level was determined
by Iwata et al. (74) for total restdues of carbosulfan on oranges using the procedure used for
chlorthiophos in Section 6.3,

Figure 20 gives the dermal dose—ChE response curves obtained for these products in
the rat. Safe levels were determined using parathion as the reference standard for which

~actual field information was available. Carbosulfan, carbofuran, and 3-hydroxycarbo-

furan were all found to be less dermally toxic than parathion, as shown in Table 10. Safe
levels varied from 0.3 to 1.3 ug/em? with carbosulfan and carbofuran being equally toxic
via the dermal route. In Table 11 the procedure of Knaak and Iwata (71) was used to
determine safe levels for the the total carbamate residues of carbofuran on citrus foliage.
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Figure 20. Percentage of red blood cell ChE inhibition in rats sacrificed 24 h alter treatment of 25 ecm?
of skin surface with carbosulfan, carboluran, or 3-hydroxycarbofuran. Figure taken from Twata el al.
(74). (Reprinted with permission [rom American Chemical Society. Journal of Agricufture, Food and
Chemistry.)




ad L

otk o —rmn e 4 e

e o)

834 1B KNAAK, ¥. IWATA. AND K. T. MADDY

TABLE 18, Calculation of Safe Residoe Levels (pgfcm?) on Citrus Tree Foliage Using Results of
Dermal Deose—ChE Response Curves and Field Reentry Studies According to Knaak et al. (42)

EDs,

Insecticide or Slope of (pg/cm? of Safe Level on
Alteration Dose—Response total body Relative Foliage
Product\l Curve® surface)® Toxicity {ngiem?y
Carbofuran 142 66+ 04 28 0.3
Carbosulfan 1.35 7R +04 33 03
3-Hydroxy 1.95 344403 14.3 1.3

carbofuran
Parathion 13 24403 1.0 0.09¢

“Values for the three carbamate compounds were calculated from the data used to construct Fig. 19.
Data were subjected to the log—probit analysis procedure of Finney (72},

YED;y, in pgfem® multiplied by 25 em? (treated area) and divided by 325 cm? {total surface area of the
rat).

‘ED, of the compeund under investigation divided by the ED.,, of parathien, a reference compound
fer which actual field safety inlormation is available.

“Relative toxicity multiplied by the established safe level of parathion, which was determined by
actual reentry studies,

“Spear et al. (69).

Source: Twata et at. (74).

Equations (11) and (12) may also be used to calculate a safe level for the mixture {total
carbamates). In Eq. (12), the ED,; of the mixture (1, 3,7, and 10 days after spraying) was
divided by the ED, of parathion and multiplied by the safe level determined in Table 10
for carbofuran (0.3 ug/em?). The small differences in the dermal ED,, values of
carbosulfan (101 gg/em?) and carboluran (R6 ug/cm?) and the small quantities of 3-
hydroxycarbofuran formed on foliage resulted in safe levels for the mixture equivalent to
carbosulfan or carbofuran.

Somewhat lower reentry levels were obtained in Table 12 when the reentry levels were
calculated using the modified U.S. Environmental Protection Agency guidelines (12) as
described in Section 6.3 for chlorthiophos. The lower values are probably a result of using
the ED, ; values in place of the ED ;,, values for the mixture of carbamates and the transfer
coefficient of 3.1 {k, for citrus). On the basis of these results and the dislodgeable residue
data, a 7-day reentry time was selected as being sufficient to protect the health of workers.

Nigget al. (75) conducted a similar study in Florida using carbosulfan. In experiment 1,
Advantage 2.5EC was applied twice during the summer at the rate of 41b Alj750gal per
acre to mature Valencia oranges. A similar spray program, experiment 2, was conducted
by Nigg etal. {75} in Florida using a 1-1b rate. Carbofuran was the principal metabolite
present on foliage.

Reentry intervals for the 4- and 1-1b Al/acre application rates in experiments 1 and 2
were caleulated according to each of the two procedures used by Twata etal. (74). The ED
and EDg, values determined by Iwata etal. (74) for carbosuifan and carbofuran from
dermat dose—ChE response studies were used in conjunction with dislodgeable residue
data from experiments ! and 2 to Jetermine a safe reentry period for total carbamate
residues using the procedure of Knaak and Iwata (71) in Table 13 and the modified 1.5.
Environmental Protection Agency method (12) in Table 14. This table indicates that safe
reentry levels are reached in these experiments on days 2 and 3. The California-Florida
citrus studies (Twata etal, 74; Nigg etat., 73) with carbofuran were the first studies to

O \”‘H,il‘\ ol vl ﬂ\lm ol



L) L2 eBA] faunog

‘spunaduson 91EARGIED 23IY} A1) JO X1 A[PILIAR TSOW 41 (0] AIYRL) 4D 10] punoj se LU/ £ 81 (2421 3jes) TS,

01 3IgRL Ul us1T JrYy) WOL) UOUYIp ut s1a1p 1 SIUL "A0H JO U1 o) AQ papALp 83 Jo "SI oYi st (A1191%01 2anw|R)) 1Y,
‘61 ‘914 1oN1H5U00 0} PISN JFOY[) AFE SIN[EA,

Te0 610 1o <100 £200 LI'D o1
1£°0 0L'0 [£0 100 6t00 LT0 ) L
0t'o oo £9°0 o= 9¢00 850 £
0go 860 660 100> 8L0°0 P60 I

A wo B D ) ) {101D {42) (83) Fuifeidg

10] 1§ * (g/¥) A1¥ % IDH) AeweqIe)y [TI0], uvinjoqrrafxoIpAH-£ URZInJogIe] uR)|nsoqIe) 1))y SAR(T

2NN +{12+ 8D -
JOH+ A0+ ‘sjuayeamby o W1o/31) sanprsay Ieo] S[qrISpoisid
10§ 19A27| S X0

ale1jo,] AL SNNLY U0 URNSOGIE) JO SINPISIY ARWEQIEY) [FI0] U6 Pasey {;wa/31) spAY ajEg Jo BoNEINED L A'IHV.L

833




TABLE 12. Calculation of Reentry Intervals According to U.S. Environmental Protection Agency
{12) Guidelines with Slight Modification®

Days Compound Tatai Reentry
After Ralio® NOEL” AELY Dose® Level”
Spraying CS:CFHCF (eg/kg-day) (ug'kp-day) {pg/h) (pgfem?)

i 94:3.8:1 1224 122 1068 0.21

3 58:3.6:1 1209 121 105 0.21

7 22.5:2.4:1 1197 120 1050 0.21,
i0 14.2:1.9:1 1200 120- 1050 0.21

“Modification involves taking into accouat all loxic residues present on the folinge and using a total

toxic residue curve.

*Ratios calculated frem values used to construct Fig. 19.

“No effect level (NOEL) calculated from data from dermal dose—ChE response curve, NOEL =

ED, (25 cm?)/{0.23 kg/day). Predicted ED,q=[P,/ED,,, 4+ P1/ED 54+ = Py/EDyox] b

where P = proportion of component in mixture (Finney, 72). ED |, values were extrapolated from

Fig. 19, ED,, values for CS, CF. and HCF werc 11.5, 6.24, and 98.8 up/cm?, respectively.

4 Allowable exposure level {AEL) = NOQEL/SF. Safety factor (SF} = 10.

“Total dose =({AEL){body weight, 70 kg)/(duration, B h/day).

fFrom total dose, reentry level was determined from the graph of whole—bodw dermal dose (ug/h)

versus dislodgeable leliar residues (ng/em?} from the data of Popendorf and LeMingwell (44). Total

dose was divided by 5.1, the k, for citrus; derivation was based on the area of only one side of the leaf.
" Source: Iwata et al. (74).

TABLE 13. Reentry Levels and Intervals for Total Carbamate Residues an Leaves

Dislodgeable Foliar Residues

(ugfem*y
Reentry
Days Totai Level
Alter Carbosullan Carboluran Carbamates (pe/em? total
Spraying (CS} (CF) {CS+CF) carbamates)”
Experiment 1
1 0.782 0.042 0.824 0.3
2 0.288 0041 0.329 .3
3 0.194 0.029 0.223 0.3
Experiment 2
1 0.243 0.013 0.256 0.3°
2 0.165 0.025 0.190 0.3
3 0.157 0034 0.151 0.3

“Values from dislodgeable residue tables.

“Safe reentry level is 0.3 ggjem? for €8, CF, and total carbamates (CS + CF) according 1o Twata
et al. {74),

“Reentry interval is 3 days for expertment 1 and 1day for experiment 2.

Source: Nigg et al. (75).
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TABLE 14. Calculation «
Agency (12} Guidlines’

Days Compo:
Alter " Ratic
Spraying CS:C7
i 15.6:
2 1.0
3¢ 8.7
1 18.7:1
2¢ 6.0:1
3 16:1

?A slight modilication of
residues present on the fo
®Ratios calculated from d
*Noeffect level (NOEL) ca
WOEL = ED, (25 cm™)/(

+ Py /ED g 5, Where P, =
extrapolated from Fig. 19

respectively.

“Allowable exposure leve
(AEL){body weight, 70kg
fFrom total dase the ree
versus dislodgeable feliar

dose divided by 5100 cm*
“Reentry interval (total ¢:
experiment 2.

Source: Nigg et al. {75).

provide dislodgeable e
same toxic organophos
The transfer coeffi
California was used b
repeat worker exposure
this chapter yielded a &
5.1¢cm?/h. Popendorf
dislodgeable residue da
the leaf. Iwata etal (73
terms of a two-sided r:
residue data be divide
unnecessarily long ree:
menial Protection Ager

. and Iwata (71),
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TABLE 14, Calculation of Reentry Intervais According to U.S. Environmental Protection
Agency (12) Guidfines”

et kg

Total

Allowable CS+CF
Days Compeund CS+CF Reentry
After Ralio® NOQEL- AELS Dase® Level
7 Spraying CS:.CF (ugrkg-dayl  {ppike-day) {rg/h) (ugfem?)
Experiment 1
1 18.6:1 1198 120 1050 0.21
0] 1131 113 989 0.19
34 67:1 1127 113 039 0.f9
Experiment 2
1 18.7:1 1199 120 1050 0.21
L) 6.6:1 1123 113 989 0.19
3 4.6:1 1087 109 954 0.19

2A slight modification of these guidelines is introduced here, which takes into account all toxic
residues present on the foliage.

*Ralios calculated from dislodgeable residue tables.

“No effect level (NOQEL) calculated from data from dermal dose—ChE response curve (Iwata et al., 74).
NOEL = ED, (25 cm?/(0.23 kgl Effective ED,, for mixture from 1/ED,,=F,/EDyq,+ «
+ Py/ED, g v, where P, = proportion ol component { in the mixture (Finney, 72). ED, ¢ ; values were
extrapolated from Fig. 19 Iwala et al. (74), and found to be 11.5 and 6.24 pg/cm?-day for CS and CF,
respectively,

4Allowable exposure level (AELY=NOEL/SF. Salety factor |SF) =10. “Total allowable dose =
{AEL)bedy weight, 70kg)/{duration, 8 h/day}).

/From total dose the reentry level is determined from a graph of whole-body dermal dose (ug/hi
versus dislodgeable foliar residues {ug/em?) from the duta of Popsadorf and Leflingwell (44). Total
dose divided by 5100em?/h is &, for citrus for a ene-sided dislodgeable residue.

?Reentry interval {total carbamates from Table 13} is about 3 days for experiment 1 and 2 days for
experiment 2.

Source: Nigg et al. (73).

provide dislodgeable residue data and estimate reentry intervals in these states for the
same toxic organophosphate or methylcarbamate insecticide.
The transfer coefficient (k;=5.1) developed by Popendorf and Leffingwell in
California was used by Iwata etal {73,74) and Nige et al. {75) to estimate exposure, A
repeat worker exposure study carried out by Nigg et al. (64} and discussed in Section 4.2 of
this chapter yielded a &, value of 5.3cm?/h, in close agreement with the California k, of
5.1cm?/h. Popendorf and Lelfingwell (44) developed their graphs using one-sided
dislodgeable residue data, They assumed that all the residue was present on the top side of
_ ’ the leaf. Iwata et al. {73, 74) and Nigg et al. (75) reported their dislodgeable residue data in
terms of a two-sided residue. Popendorf and Leflingwell (44) sugpgest that the two-sided
2 residue data be divided by 2 to obtain one-sided data. If this procedure is carried o,
unnecessarily long reentry intervals would be required by the modified U.S. Environ-
mental Protection Agency procedure {12) when comparad to the method used by Knaak
and Twata (71).
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7 DISCUSSION

The large number of variables associated with the reentry problem prevented researchers
[rom coming up with an easy and quick solution to the problem. However, by dividing the
. problem up into three distinct parts—(i) dissipation of the foliar residue, (i) transfer of the
residue to the skin and clothing of workers, and (iii) percutaneous absorption/dermal
dose—ChE response—the reentry problem was resolved. A substantially targe number of
studies were conducted dealing with the dissipation of the foliar residues. These studies
involved such factors as air temperature, humidity, ozone concentrations in air, rain, dust,
season of the year, and a variety of other factors. The studies indicated that all these factors
played a role in the conversion of foliar residues to toxic products, such as oxons, and in the
dissipation of these residues. Several simple equations were written by California
Department of Food and Agriculture scientists in the early 1970s in an atternpt to describe
the overall process. The equations did not adequately describe the process and the
problem was finatly solved as indicated in this chapter.

The overall dissipation process is still best described by a dissipation curve ona graph
for the parent pesticide and each of the alteration products. Additional transfer studies are
being conducted to relate foliar residues to residues on skin and clothing of workers. In a
number of these new and unpublished studies conducted in Florida, the transfer
coeflicients are somewhat different from those described in this chapter. The reason for the
discrepancy between the old and new data is unknown, but the results suggest that
additional studies may be needed to understand fully the transfer process and the
multitude of variables involved. .

The recognition that a safe level on foliage exists for each pesticide, and that the safe
level of one pesticide is related to that of another pesticide by their ability to inhibit
cholinesterase when applied 1o skin, provided a practical procedure for establishing safe
levels for new pesticides when a foliar safe level was known for an old pesticide. Dermat
dose—ChE response studies in the rat provided a simple and inexpensive way of relating

TABLE 15, California Reentry Intervals

Crop
All
Peaches and  Other
Pesticide Apples Citros Corn Grapes Nectarines Crops
Anilazine (Dyrene) 2 2 2 2 2 2
Azinphosmethyl

(Guthion) 14 10 — 21 14 —_
Carbophenothien

{Trithion} 2 14 2 14 14
Chlarpyrifos (Lorsban,

Dursban) -~ — 2 — — - —
Demeton (Systox} 2 5 2 7 7 2
Diazinon — 3 — 5 5 —
Dicrotophos (Bidrin} 2 2 2 2 2 2
Dimecren

(Phosphamidon) 2 14 2 2 2 2
Dimethoate {Cygon) — 2 — 2 — —
Dioxathion (Delnav) — a0 — 30 30 —
Disulfoton {Di-syston) 2 2 2 2 2 2

TABLE 15 (Continue:|

Pesticide

Endosulfan (Thiodan)
EPN
Endrin
Ethion
Malathion
Methamidophos {Mor
Methiocarb (Mesurol)
Methidathion (Suprac
Methormyl (Lannate,
Nudrin)
Mevinphos {Phosdrin
Meonocrotophos (Azoc
Waled (Dibrom)
Oxamyl {Vydate)
Onydemeton-methyl
{Metasystox-R)
Parathion-ethyl

Parathion-methyl

Parathion-methyl
(encapsulated)

Phorate (Thimet)

Phosalone (Zolone)

Phosmet {Imidan)

Propargite (Omite)

Sulfur

TEPP

All calegory 1 pestici

“For all applications
rates of 81b or less pr
PFor all applications
rates of more than §
“For atl applicalions
f Any reentry interval
Madera, and Tulare
May 15.shall havea v
15, which is reduced
footnotes a, b, and ¢
“For applications o
applications ol less 7
YThe reentry imerval
#When 11b or less 1«
*When more Lhan |
"For applications of
Stanislaus, Merced.
harvest, there is a




TABLE 15 {(Consinued)

Crom
B All
Peaches and ~ Other

Pesticide Apples  Citrus Carn Grapes  Neclarines Crops
Endosulfan (Thiodan}) 2 2 2 2 2 2
EPN 14 14 h 14 id I
Endrin 2 2 2 2 2
Ethion 2 30 2 14 14 P
Malathion — 1 — ! 1 —_—
Methamidophos (Manitor} 2 2 2 2 2 2
Methiocarb (Mesurol) — — — — 7 —
Methidathion (Supracidej 2 a9 2 2 2 2
Methomy] {Lannate,

Nudrin) 2 2 2 P 2 —
Mevinphos (Phosdrin} 2 4 2 4 4 2
Monocrotophos (Azodrin) 2 2 2 2 2 2
Naled (Dibrom} — 1 — 1 1 —
Oxamyl {Vydate) 2 2 — — 2 —
Onydemeton-methyl

(Melasystox-R} 2 2 2 2 2 2
Parathion-ethyl 14 3 14¢ 2t 21 tge

4jb.d I _ _ .
6o
Parathion-methyl 14 147 147 147 2 149
Parathion-methyl ‘

(encapsulated) 2 2 2 2 2 2
Phorate (Thimet) 2 2 2 2 2 2
Phosalone (Zelone) -— 7 — 7 7 —
Phasmet (Imidan) — — -— 5 3 —
Propargite {Omite) — 14 — 14 — —
Sullur — | — t 1 —
TEPF 2 4 2 2 4 2
Al category 1 pesticides 1 1 1 1 1 1

“Far all applications with spray mixtures containing 2 Ib or less of parathion-ethvl per 100 gal, with
rates of 81b or less per acre, and z total of ne more than 101b/acre in the previous 12 months.
"For all applications with spray mixtures containing 2 lb or less of parathion-ethyl per 100 gal, with
rates ol more than 8lb/acre, or more than 10 1b/acre in the previous {2 months.

“For all applications with spray mixtures containing more than 21lb of parathion-ethyl per 100 gal.
¢Any reentry intervai for parathion-ethyl still in effect on May L5 in the counties of Fresno, Kern,
Madera, and Tulare is extended to 90 days [rom the application date. All applications made after
May 15 shall have a 90-day teentry interval excepl for any reentry interval still in effect on Seplember
15, which is reduced to 30, 45, or 60 days, respectively, rom the date of application, in accord with
footnotes a, b, and c.

“For applications of 0.5-1.0Tb/acte of paratbion-cthyl, there is a 7-day reentry interval. For
applications of less than Q.54b/acre, the reentry inlerval is 2 days.

FThe reentry interval for nonencapsulated parathion-ethyl on grapes in Monterey County is 6 days.
“*When tlb or less per ucre of parathion-methyl is applied there is a 2day reeniry intecval.
"When more than 1]bjucre of EPN is applicd there is a 14.day reentry interval.

"For applicalions of sulfur in Riverside Country during March and April, and in San Joaguin,
Stanislaus, Merced, Madeca, Fresno, Kings, Tulare, and Kern Countics from May 15 through
harvest, there is a 3-day reeniry interval.
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one pesticide to another in terms of potency or ability to inhibit cholinesierase. This
procedure simplified the process, becausc a transfer coefficient and an acceptable exposure
level {AEL) were not required,

The conversion of the parent peslicide to one or more highly toxic alteration products
increased the complexity of the process by requiring ChE potency data for each product
and potency data for the mixture present on [oliage during the dissipation process. The
toxicity of the mixture (ED,, or ED.,) was easily obtained using a simple equation.

California used the information obtained in these studies to establish reentry intervals
for a number of organophosphorus and carbamate pesticides, Monitoring studies were
conducfed after the reentry intervals were established to determine if they were adequate
to prote[ct the health of ficld workers, Disiodgeable foliar residues were found to be below
the calculated safe levels and no worker illnesses were associated with these levels.
California has developed the most comprehensive regulatory response to prevent
exposure during reentry. The current California reentry intervals specified in State
Regulations are provided in Table |35,
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