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Chol i nesterase-inhibiting (ChE-1) pesticides, which include
both organophosphates (OP's) and carbamates, together constitute
a very significant proportion of pesticides used inthe US
and worl dwi de. ChE-1 pesticides are known to disrupt nervous
systemfunctioning in animals and humans, and OP's are
inplicated in human poisonings more often than any other
class of pesticides. The U 'S Environmental Protection Agency
(EPA) uses ChE-1 to characterize the risks of these pesticides
since ChE-1 is a sensitive predictor of exposure.

Assessing the risks of OP's and carbamates on the basis
of ChE-1 involves many uncertainties. The decisions
and assunptions made to resolve these uncertainties are
science policy decisions, and can have a significant inpact
on the final characterization of the risk. This report
identifies the principal uncertainties throughout each of the
four stages of risk assessment (as described by the National
Research Council), discusses the nature and public health
inplications of these uncertainties, suggests an approach for
describing and resol ving uncertainties, and provides
recommendat i ons useful in developing a science policy for ChE
| pesticides. It is concluded that the EPA's use of an uncertainty
factor as small as tenis not justified by the available

scientific evidence.
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l. | ntroducti on

Chol i nest erase-inhibiting pesticides, which include organic
phosphorus pesticides (COPs) and carbamates, together constitute
over half of the total volume of insecticides used in the United
States (Doull, 1980), and a very significant proportion of pesti-
cides used worldw de. In 1976 annual production of OPs exceeded
10" Kg. OPs and carbamates have been rapidly replacing the
persistent chlorinated hydrocarbon pesticides (e.g. DDT, endrin,
kepone, toxaphene), nost of which have been banned or severely
restricted.

Both OPs and carbamate conpounds share an ability to inhibit
chol i nesterases (ChEs), principally acetylcholinesterase (AChE)
In nerve tissue. AChE i's an enzyme critically inportant to
central and peripheral nervous systemfunctioning, which hydro-
|yzes acetylcholine (ACh), a neurotransmtter. OP pesticides had
their origins in 1937, when CGermany devel oped extremely potent OP
conpounds known as nerve gases (e.g., N-dinethyl phosphoram do-
cyani date [tabun] and isopropyl methyl phosphorofluoridate [sarin]
as potential chemcal warfare agents, OP insecticides are inpli-
cated in nore human poisoning than any other class of pesticides
(Doul I, 1980).

Cholinesterase inhibition (Che-1) is frequently considered
the nost sensitive health endpoint; i.e., other effects (e.g.
reproductive, ocular) which may be caused by these conpounds,
general |y occur at higher doses. As nore sensitive methodol ogi es
are devel oped, neurobehavioral effects may be found to be an even
more sensitive indication of exposure to Chi-1 pesticides, but at

I - 1
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the present tine no generally accepted neans of assessing
neur obehavi oral changes resulting fromexposures to toxic
substances in human popul ations exists (Gtto and Eckerman, 1985).

As the scientific data base on the risks associated with

these conpounds has been devel oped and refined over the years, so
have the procedures for assessing and managing risk. The
Nat i onal Research Council's Risk AaspRHmn t-_in thp Federal
Governnent: Managi ng the Process (1983) describes the nost
recent approach (which EPA has adopted) for conducting and under-
standing risk assessments (EPA, 1986).

Ri sk assessment, the largely scientific process of charac-
terizing the potential adverse health effects resulting from
human exposure to environmental hazards, is distinguished from

risk managenent, the largely political process which considers
scientific factors fromthe risk assessment as wel| as economic,

| egal , technol ogical, admnistrative and other factors to

eval uate and select alternative regulatory actions. In this
approach, a risk assessment woul d usual l'y include the follow ng

four stages:

1) Hazard identification: Wat are the adverse health
effects associated with exposures to the chemcal under
st udy?

2) Dose- Response Assessnent: How is the probability of
the occurrence of adverse health effects related to the

magni tude and duration of exposure to the chemcal?
3) Exposure Assessnent: \What is the extent of human ex-
posure (past, present and future) to the chemcal?
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4)  Risk Characterization: Wat are the risks to public
health (a function of hazard and exposure) associ ated
with the chemcal? Wat are the uncertainties in
assessing this risk?

Uncertainties are present in each of these procedures which
require a decision or assunption to be made in order to proceed
with the assessment. The points at which these decisions are
made are referred to as conponents. The questions involved in
reaching a decision at a conponent are science policy questions,
so cal l ed hecause both science and policy considerations play a

role in their resolution:

The ch0|8es encountered in risk assessnent est to

ses
varg g egr ees, on a mxture of sc e ntific fact and
gs on 1 nformed scientific AH

nts ?nd on

B35t S8 e TR REDEA0RT QRN ‘Fs?e o Lo

More specifically, this type of science policy is known as
risk assessment policy, defined by the NRC as "policy related to
and subservient to the scientific content of the process, in
contrast with policy invoked to guide risk managenment decisions,
whi ch has political, social, and econom ¢ determnants."

The lack of a consistent, rational risk assessment policy
for dealing with uncertainty in assessing risks of ChE-inhibiting
pesticides has resulted in the use of different criteriato
define "no observed effect |evels" (NCELS) (both by researchers
performng dose-response studies and by EPA reviewers of those
studies), different uncertainty factors (UFs) being selected by
different EPA offices, and conflicing estimtes of acceptable
daily intakes (ADIs) for the same pesticide. Athough an intra-
Agency group has decided on which ADI to use in the cases where
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conflicting ADis have heen proposed for the same pesticide, there
are mny conponents in the risk assessment process which have
been inconsistently evaluated for different pesticides. This
probl em has been recogni zed by various EPA scientists in regard
to ChE-inhibiting pesticides but has not been resolved. (EPA
i nternal neno, 1986).

It shoul d be enphasized that the present state of affairs
regarding the inconsistent treatment of uncertainties in the risk
assessment of ChE-inhibiting pesticides is not due to either a) a
failure to mintain a clear conceptual distinction between
assessment of risks and consideration of risk management alterna-
tives, as recommended by the NRC (1983), or b) faulty judgment on
the part of Agency scientists. Excellent scientists can reason-
ably and rational |y disagree over the human heal th inplications
associated with varying degrees of cholinesterase inhibition due
to Ch-1 pesticides. However, as the NRC (1983) points outs

L a0 SHLASHY YRR 68 o1 SR Wl

JESPLES e P o, 0F S Sd i TR
e used r |ona”P ?RII?QC f% :

In addition, differential treatment of uncertainties is
unfair to industry as well as the public potentially at risk.
For exanple, the judgments and assunptions (all valid) made by a
more conservative EPA risk assessor could ultimtely lead to
greater costs to the industry than if a different, less conserva-
tive scientist prepared the assessnent (Fisher, 1980).

The objective of this reviewis to inprove the risk assess-
ment process for ChE-1 pesticides by identifying and discussing
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| nportant conponents, particularly in the first two stages of the
assessment, which can influence the outcome of the process. The
results of this reviewcould be a first step towards the devel op-
ment of a consistent and rational risk assessnent policy for ChE
| pesticides. The NRC four stage nodel of the risk assessment

procedure will be used to structure the analysis. Mst exanples
were obtained fromhuman and ani mal data on cholinesterase inhi-

bition by malathion, parathion, and aldicarb. These particu-
| ar pesticides were chosen because:
(a) they represent three main classes of ChE-1 pesticides
(phosphor odi t hi oat es, phosphor ot hi onates, and car ba-

mat es, respectively)

(b) they have high risk potential due to their toxicity

and/ or extensive use

(c) there is anple health-related data, including studies
in humans
(d) they have received public attention.
ChE-| was chosen as the health endpoint in this reviewsince it
is an early predictor of exposure and is often selected as the
basis for characterizing risks. Data have been obtained from
a) EPA risk assessment docunents (e.g. registration

st andar ds, criteria documents)

b) EPA reviews of original studies (e.g., "Caswell file"
reviews by scientists fromthe Ofice of Pesticide
Prograns (OPP))

c) open literature.

The maj or conponents to be anal yzed in this review include

t he foll ow ng:


NEATPAGEINFO:id=0C86668D-4223-43A0-88C8-8E188C21B9A3


EAZSJLA Identification

0 \Wat degree of cholinesterase inhibition (ChE-1) is
significant (i.e., regarded as an effect)?

Dose- Response Assessnent
0 \Wat dose-response assessnent methods shoul d be used to
extrapol ate fromexperinental doses to exposure doses?
o What uncertainty factor shoul d be enployed for inter-
speci es variation of ChE-l between animals and humans?

0 What uncertainty factor should be enployed for intra-
speci es variation of ChE-17?

Exposure Assessnent

0 what special considerations should be included in expo-
sure assessnents for ChE-l pesticides?
Ri sk Characterization
0 \Mat are the uncertainties in estimting the extent of
health effects for these conpounds? How shoul d they be
estimated and presented to Agency decision makers?

Some of the uncertainties contributing to these conponents are
i ncluded in Appendix V-1.
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[1. Hazard ldentification

A Chol i nesterase Inhibition

Types of ChE

In mamals there are two types of enzynes which can react
wth CnE-| pesticides: acetylcholinesterase (AChE) (also called
specific, "true" or "e" type cholinesterase, and acetylcholine
acetyl hydrolase) and butyrylcholinesterase (BuChE) (also called
nonspeci fi¢ or pseudochol i nesterase, "s" type cholinesterase, and
acyl chol ine acyl hydrol ase). These can be distinguished by |oca-
tion and substrate specificity. AChEis found in the centra
nervous system notor end plates of skeletal muscle, and erythro-
cytes, whereas BuChE is found in smooth nuscle, |iver, adipocytes
and plasma. BuChE has been found in alnost all major body
systens including the white matter of the brain, vascular system
respiratory system digestive system urogenital system and also
In certain endocrine and exocrine glands. AChE hydrol yzes
acetyl chol ine (ACh) and acetyl beta methylcholine but very little
benzyl chol i ne, propionylcholine, or butyrlcholine, which BuChE
readily hydrolyzes. BuChE can also hydrolyze ACh, but differs
fromAChE in that it is inhibited by ACh at concentrations
greater than 100 mcronoles (m, whereas AChE is inhibited by
ACh concentrations greater than 4 mM(in vitro). Chk-l pesti-
cides differ intheir ability to selectively inhibit these

gﬂiXQanﬁi'éﬂchE?an my inhibit only (or mainly) AChE, and
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AChE

Like all esterases, cholinesterases are hydrolases which
split ester (specifically choline ester) honds. AChE plays a key
role innormal nervous systemfunctioning by splitting the neuro-
transmtter acetylcholine (ACh). ACh, stored in synaptic
vesicles, is released fromthe presynaptic cell into the synaptic
cleft once an action potential reaches the nerve termnal. It
then diffuses across the synaptic cleft and interacts with speci-
fic receptor sites in the postsynaptic menbrane. This interac-
tion triggers changes in ion conduction which lead to, for
exanple, firing of a second neuron or a muscle contraction. ACh
can have an inhibitory effect (e.g., slowing the heart rate) or
excitatory effect (e.g., producing a skeletal muscle contrac-

tion). ACh interacts with muscarinic receptors (found primarily
In smooth nuscles, heart, and exocrine glands), nicotinic
receptors (at autonomc ganglia and neuromuscul ar junctions) and

receptors in the ONS. AChE is present in the synapse and
destroys ACh very soon after it is released:

@D
et 0. R W ') EOC Foo + A0

Ac*

%%&%Er)ever& é:ﬁ conpl ex enz Iﬁ;emate

Wien a ChE-1 pesticide is present, it reacts wth ChE
.preventing ACh fromreacting with ChE. The only difference
between a ChE-1 pesticide (an inhibitor) and ACh (a substrate) in
the reaction is the rate of the reaction (principally due to ka).
The acyl ated enzyne formed fromACh hydrol yzes very quickly,
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whereas the phosphorylated or carbanyl ated enzyne forned froman

organophosphate or carbanate nhydrolyzes very slowy. This reac-
tion (the restoration of the enzyme fromits acylated (inhibited)
state) IS know i as spontaneous reactivation or deacylation, or
dephospho ylation in the case of OPs, and decarbanylation in the

case of carbamates.

In the case of OPs the k3 step of dephosphoryl ation s so
slow that these conpounds are sonetines called "Irreversible'
inhibitors of Che. Wth carbamates, k3 is significantly slower

than it is for ACh but faster than for CPs, while "2 ™ sl ower
than for OPs, so that once the carbamate i s renoved, the enzyne

recovers (due to reversal of the reversible conplex and decarhba-
mylation (by k3)). Hence, carbamates are considered "reversible’
innibitors of ChE Acute toxicity and death from OPs and carba-
mates are thus really due to ACh poisoning as ACh accumul ates.

Symptoms of acute poisoning mmc the nuscarinic, nicotinic, and
CNS actions of ACh (Table II-1).

Phosphoryl ated ChE can be reactivated, not easily by water
as with acetylated Ok, but by nucleophilic conpounds which can
di splace the phosphate fromthe enzyne, such as pralidoxine (2-
PAM, used as an antidot e Thi s antidote 'S not effective for CP

conpounds which undergo "aging," or loss of one of the R-group
si1 de cC hal ns - C

ANN O.l
enzynet EOtt&t ! Mtﬁpm HX "Mt P

The negative charge on the aged phosphorylated AChE repels
2-PAM'so that reactivation cannot occur. SOme nerve gases age

I - 3


NEATPAGEINFO:id=1F1D309D-8EA4-46A0-A5DE-C6CA0B347B07


rapidly, precluding the effective use of these antidotes. Atro-

pine, another antidote for ChE-l pesticides, works by competi-
tively inhibiting ACh at the receptor,

The role of AChE found in the synapses of nervous tissue is
actual |y much more conplicated than the preceding description
inplies, since AChE exists in a number of different varieties or
mol ecular forns, each of which is thought to serve a different
role, and mght possibly be requlated separately (Brimjoin,
1983). However, it is typically the AChE found in erythrocytes
that I's neasured to determne CP and carbamate toxicity, since it
IS inpractical to measure synaptic AChE activity. The function
of RBC AChE is not as well established as that of synaptic AChE,
RBC AChE may protect synaptic AChE by reacting with some of an
absorbed dose of AChE-1 pesticide before it reaches the synapses,
al though this would vary between different ChE-l pesticides.
Wils (1972) maintains that "there i's no good evidence that that
enzyne [RBC AChE| does anything more than control to a certain
extent the permeability of the erythrocyte." Non-synaptic AChE
IS thought by some to maintain excitability and to initiate and
propagat e action potentials in nerve and muscle through regul a
tionof electrolyte transport (Namba, 1971), although this has
been disputed (Herz and Kaplan, 1973). Fromobservations that
RBC AChE level's increase after blood [oss and are altered in
several different types of anema, it was inferred that RBC AChE
activity is related to cell age, high levels being associated
Wth rapid production of erythrocytes (Herz and Kaplan, 1973),
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Tis Is & potential source of variability In using measuremnts
of AChE as indicators of exposure to ChE-l pesticides,

Not only are AChE levels high dur |n? the formtion of RBGs,
but Drews (1975) observed el evated ChE levels in the blastem
ceIIs of developing organs in several species. Once the organ

structure becane establ i shed, ChE activity disappeared. OIE
activity was al vays found in cel |5 which, in the course of organ
formation, moved actively. Drews hypo thesized that ACh'is
vol ved i the short range regulation of movenents in devel oping
organs. Specificity tests were run on the enbryonic ChE to
determne its type, which was discovered to be AChE in the
anphi bi an and chick enryo, as well as in human carcinom, and
nonspeci fic or BuChE in the rat enbryo and |uvenile rat mammry
gland and uterine epithelium Because Chk pI ays arolein
enbryoni ¢ devel oprent which is different fromits known function
Inthe adult, it is called "enbryonic ChE." The presence of
enb yon|c 00F my partially explain me the fetus 1S more sensi-

tive to ChE-1 pesticides than the adult. Differences in sensi-
tivity due to age are discussed later in th|s section.

Al'though BuChE has been detected in alnost all major

memel i an body systens, its biological function has not been
estab||shed and 1ts natural substrates and inducers are unknown.

tis fa||y Wel | established that it i's produced inthe liver,
Severaksz¥gpt 85es 8 10 1S funct|on have been suggested (Kutty,
S O)
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a) My be a precursor of AChE.

b) My be involved in myelin structure (BuChE has been
found in Schwann cells of nerves and between fol ds of
melin in some central axons).

¢c) May control choline levels in plasm (used to
synt hesi ze ACh).

d) My act as a backup for ACNE to destroy circulating

e) May be involved in structure and/or synthesis of beta-
Iipoprotei ns (is found coraplexed with beta-li po-

protein) .

f) My remves toxic esters forned by fatty acid

t abol i sm

0) May be involved in assimlation of food (serumBuChk

activity decreases after fasting, parallels |evel of
food intake in undernourished children, and is el evated

[N obese and diabetic patients, and persons with hyper-
[Ipoproteinema (abnormal Iipid netabolisn).

Thus, al though BuChE and AChE share many simlarities

(mechani smof action, molecular shape, etc.) It IS not known how
| at all,lgtgg]e_y are related physiologically [Edwards and

Brimjoin,

Hazard |dentification |ssues Re: ChE-i

A'though there are still many questions to be answered, it
shoul d be remembered that AChE has heen characterized as "one of

the best studied of all enzymes’ [Brin'iLoi,n, 1983]. Despite
incertainties regarding the roles of ACAE In erytfirocytes and
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BuCnE in plasma, substantial inhibition of these enzynes is
associated wth overt adverse effects in the whole organi sm
followng admnistration of OPs and carbamates and is currently
used as a measure of toxicity as well as a measure of exposure to
these pesticides (Table [11-2).

|f we assume ChE-1 in RBCs and plasma to represent an

adverse effect, the followng questions should be considered:

a) How do AChE and BuChE I evel s respond to prol onged
exposures to ChE-1 pesticides (i.e., how does ChE-|
relate to length of study?) Wat is the significance
of such prolonged exposures?

b) What is the effect of age, sex, diet, race, health and

other genetic and environmental factors on ChE |evels?
How does this affect susceptibitily to ChE-l pesti-
ci des?

¢c) How accurate and reliable are available nethodol ogies

for measuring ChE-1?  How do they differ?
Each of these issues will be considered in turn.

Chronic Exposure to ChE-1 Pesticides

The preceding description of ChE-l reflects the immediate
biochem cal events followng exposure to a ChE-l pesticide.  What
happens when the exposure s continuous, for months or years?

t 1 known that animls repeatedly exposed to certain ChE-|
pesticides develop tolerance to the (acute) toxicity of these
pesticides (i.e., signs of acute poisoning di sappear with con-

tinued admnistration). According to Chanbers and Yarbrough
(1982) this is due in som cases (e.q. disulfoton) to a decreased
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nurber of nuscarinic receptors in target tissues that are capanle
of binding the ACh which accumulates when AChE i's being

inhibited, and in some other cases (e.g. propoxur) due to en-
hanced enzymatic detoxication.

Inspite of this, ChE levels may remain inhibited or
decrease even nore in [ong-termexposures. Fgures H1-1 - 1114
show the inhibition of ChE'S in plasma and erythrocrtes by
parathion in dogs over two, four, and twelve nonths. In this
experinent the percentage decrease (fromcontrol values) is the
3reatest at 12 months at every dose (except for RBC ChE of femle
00s). In other words ChE was inhibited nore after one year than
after two or four months. Taole I1-3 conpares Chk-1 NCELS for
the same species, pesticide, route of admnistration, and site of
ChE (i.¢., plasma or red blood cell (RBC) but differing study
lengths, for seven pesticides (see Appendix [11-3). In the
mjority of cases the NCELS are |ower in longer (chronic) studies
than in shorter (subchronic) studies. Possible differences in
study designs (e.q., method used to determne ChE-l, comparisons
t0 unexposed ani mal s vs. pre-exposed animals, strain) and the
smal | nunber of conparisons made (16) prevents any definitive
conclusion, but the results suggest that ChE-I NCELS vary by
duration of exposures such that chronic ChE-l NCELS are | ower
than subchroni ¢ NCELS. According to Barthol omew et al. (1989), a
decrease (or absence) of acute toxic effects occurs despite
continued Inhibition of brain ChE activity and elevation of ACh

concentrati ons.
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WIls (1972) mintains that "In general, prolonged or re-
peated exposures to inhibitors of cholinesterases have enphasized
the unreliability of estimtions of the activities of plasm, or
serum and red blood cells for judging the severity of intoxica-
tion by these inhibitors." Levels of ChE-l fluctuate over the
course of chronic and subchronic exposure. For exaitiple. Wlls
cites an exanple in which pigs fed 1.7 my/kg/day of parathion had
increased |evels of plasma ChE at first, and then decreased
levels until maxinuminhibition (43% occurred on about the 50th
day. RBC AChE |evels remined unaffected for 8 days of dosing,
and then fell gradually until maximuminhibition (86% occurred,
al so on day 50. Studies in which ChE activity is infrequently
measured may not be able to determne maximuminhibition. In
addition, there is some indication that the x"is. of ChE-l may
affect toxicity (Wlls, 1972). Jensen (1965) found that the
Igthalfdosefof paraoxon in guinea pigs increases at an increased

Al'though tol erance appears to develop to the acute toxicity
associated wth ChE-l, what are the chronic toxic effects asso-
ciated with ChE-1? (Recal | that both acute and chronic effects

may result fromeither acute or chronic exposures). Investiga-
tions to date have yielded conflicting clains regarding the
exi stence of chronic neurobehavioral effects (Duffy et al., 1979;
Ecobi chon and Joy, 1982; Karczmar, 1984: Levin, 1976; MIler,
1982; National Research Council, 1985, Savage et al., 1982).

These and other chronic effects (carcinogenic, nephrotic) |inked
to some ChE-| pesticides or their metabolites will not be con-

si dered her e.
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ofnl-r;"species Variation of ChE

Not only i's ChE activity affected by exposure to ChE-|
pesticides, but it also varies among species (see section HD),
and is affected by age, sex, diet, genetic status, race, pregnan-
cy, obesity, season, |iver disease, myocardial Infarction, and

other health and environnental factors. Plasma ChE |evels
fluctuate more than RBC AChE | evel s,

O GCGenetic Factors -

A smal| sub-group of the popul ation (estimated by WIlians
(1985) to be 4.5% possess genetical [y determned atypical plasma
ChE. Atypical ChE was first discovered when the nuscle relaxant
succinyl chol ne, used in anaesthesia, was found to produce an
unusual |y Tong period of paralysis and apnea (tenporary suspen-
sion of breathing) in some patients. These individuals were
found to have atypical or [ow serumChE, which is responsible for
the hydrolysis of succinylcholine, thus ending the drug's
effects. Genetic studies since then have shown that nost people
wth atypical BuChk are homozygous for a recessive gene
((esignated E'a E/%). The gene allele E™ directs the synthesis
of a ChE which i's unable to hydrolyze succinylcholine at pharma-
col ogical doses and which is also ess sensitive to certain Chk
|'s (e.g., dibucaine). The latter property is used to classify
serum Ches, by use of the dibucaine nunber (DN), a neasure of the

degree of Inhibition (expressed as a percentage) of serum cho-
| I nesterase obtained wth dibucaine under standardized conditions

é,KaI ow, 1957). Vhereas nost people (with normal genotype E**
") have aDNbetveen 76 and B those who are heferozygoles

(E" E™) have a DN betueen 55 and 69, have about Seventy-ei ght
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percent as much ChE as normal, and may display a mld increase
in sensitivity to succinylcholine, and those who are honpzygous

for the recessive gene (E-j* EM) have a DN bel ow 21 and have | ow

BuChE activity (about twenty-five percent of nornal) and sensi-
tivity to succinylcholine [Ashby et al. (1970), Udsin (1970)].
O her genetic variants of plasnma ChE have been identified,

including a fluoride-resistant form(directed by E* allele), a

conpl etely ineffective or absent "forni (directed by the
"silent" allele EM), and the J and K phenotypes (associated with
reductions in neasured enzyne activity of ca. 66% and 33%
respectively). The J and K phenotypes can only be identified
with certainty when they occur with the atypical variant (i.e.,
AN AN ANA AT AN have distinctive inhibitor nunbers). A
variety of conbinations are possible (e.g., /" 1 ' "M M
EjAU Ers, =i EAME-AA a LA, E-M EjAA’ EjAA EAAE-AMEAAEATA EAA"A)
(Evans and Wardell, 1984).

Cenetic variants with an atypi cal nunber of el ectrophoreti-
cal ly-detectable i soenzynes have al so been detected (Sil ver,
1974). Al though nost individuals possess bands C, C2, C3 and
4, afifth band (C5) was identified in fourteen of three

hundred randomy selected adults in Engl and, and has been de-
tected in other populations as well (e.g., Brazilian). Three
addi ti onal bands are present in serumfromcertain Africans. The
| evel of serum ChE is about 30% hi gher in subjects with C5 than
in C*-negative subjects. (Silver, 1974).

Apart fromincreased sensitivity to succinylcholine, there
are no reports of clinical abnormalities in people with rare

genetic variants of serum ChE. Silver (1974) reports that in one
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instance where other tissues (including brain) were investigated
In a person with atypical serumenzyme, the tissue enzyne was
simlarly atypical. It is not apparent whether these people
woul d be msULS. susceptible to ChE-| pesticides, since their serum
ChE is unable to hydrolyze accumul ating cholines; [sss
susceptible, since their serumChE is |ess sensitive to certain
ChE-1"s (e.g. dibucaine, fluoride); or equally susceptible.
Cal abrese (1978) maintains that individuals wth such pseudo-
chol i nesterase variants shoul d be considered potentially at high
risk to ChE-1 pesticides. Calabrese also notes that the dibu-
caine variant has been found to be extrenely sensitive to R02-
0683, and cautions that this is of "particular significance in
light of the widespread use of carbamate insecticides." However,
the OP's TEPP and DEP isof | uorophosphate do not inhibit differen-
tially among pseudocholinesterase variants and would not cause a
higher risk to those individuals wth atypical variants.

Another indication that genetic factors may affect suscepti-
bility to ChE-| pesticides is provided through selective breeding
experinents in animals by Overstreet et al. (1979). Mle rats
determned to be nost resistant and nost sensitive to DPP on the
basis of drinking behavior, body weight, and core body tem
perature were bred with the nost resistant and sensitive (respec-
tively) female rats in an attenpt to establish resistant and
sensitive |ineages. Although the former attenpt failed,
Querstreet et al. were successful in establishing a sensitive
|ine of rats. However, the genetic differences in sensitivity
were not found tobe related to differences in brain or erythro-
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cyte AChE or serum BuChE activity. The authors specul ate that
the genetic differences could be due to changes in sensitivity of
AChE isoenzyne, changes in ACh synthesis or turnover, or changes
In sensitivity of postsynaptic receptors for ACh. Subsequent
studies (Overstreet et al., 1984) have shown that the latter two
factors do indeed contribute to the enhanced sensitivity
observed. Regardless, the data suggests that ChE-l may not
al ways be an adequate neasure of toxicity in genetically-
suscepti bl e individuals.

Besi des genetic differences in ChEs, there is another
esterase that is affected by organophosphates and carbamat es,
known as aryl esterase, for which genetic variants exist.
Arylesterases have not been as well studied as other esterases.
Paraoxonase, an enzyne hydrol yzing paraoxon, the active
metabol ite of parathion, is an arylesterase which has been found
to be polynorphically distributed in several popul ations (LaDu
and Eckerson, 1984). Two al leles determ ne paraoxonase activity:
A alowactivity allele, and B, a high activity allele. Hetero-
zygotes (AB) also exhibit high activity. About one-half of the
U.S. Caucasian popul ation is homozygous for the low activity
allele (AA), which is speculated to place these individuals at
higher risk of parathion poisoning than those with higher |evels
(Ortigoza-Ferado et al., 1984). Non-caucasian popul ations of
African, Oriental, or Arerican Indian subjects, for exanple, do
not show the same distribution, but it is not known whether this
|'s due to the presence of additional alleles or quite different

gene frequencies (LaDu and Eckerson, 1984). Ortigoza-Ferado et
al. state "It my be postulated that such differential  suscepti-
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bility would be particularly significant at lowor internediate
| evel's of exposure to parathion since with narked exposure even
high level's of paraoxonase would not be sufficient for protection
against toxicity."

It appears, then, that both ChE and arylesterases (e.g.,
paraoxonase) affect the toxicity of ChE-l pesticides. A nodel
describing the interaction of paraoxon with serum ChE and para-
oxonase was devel oped by LaDu and Eckerson (1984). The level of
paraoxonase was found to influence the degree of serum ChE-1 in
vitro. The authors recommend that the in vitro nodel system be
applied to estimate what is |ikely to occur in vivo, and that
epi dem ol ogi cal studies be undertaken to determne whether indi-
vidual response to ChE-1 pesticides shows the expected relation-
ship to the type and |evel of paraoxonase.

o Sex D fferences

Sex related differences in susceptibility to ChE-l pesti-
cides are most |ikely to occur for those compounds which require
metabol i ¢ activation to produce ChE-1 (e.g., parathion). (Doull,
1980). Agarwal et al. (1982) found that the percentage of ChE|
by parathion was 2.6, 1.2, and 2.7 tines greater in femle than
male rats neasured in plasma, erythrocytes, and brain, respec-
tively, followng a single oral dose. Paraoxon treatnent, how
ever, resulted in comparable inhibition of plasma, erythrocyte

and brain ChE in both sexes. Castration increased the suscepti-
bility of male rats to a simlar level as females. Pre-treatment

W th testosterone enabl ed these castrated mles to recover from
this increased sensitivity, whereas estradiol enhanced their
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sensitivity slightly. Gonadectony had little effect on ChE
levels in the females. Pre-treatment with testosterone decreased
the sensitivity of ovariectom zed females. The authors concl uded
that testosterone plays an inportant role in determning

parathion toxicity.

VWhile it is well established that the fenmale rat is nore

susceptible to the acute toxic effects of parathion (e.g., LD'q
and ChE-1) than male rats, this sex difference is not as obvious
for chronic or subchronic ChE-1. For exanple, in a 2 year feed-
ing study in rats prepared by Daly (1984) for Mnsanto (in Gali,
1985), no consistent pattern is observed.

Sex differences exist in absorption, distribution, and
excretion of ChE-1 pesticides also. For exanple, Khaak et al.
(1984) found that |ess parathion was |ost by evaporation fromthe
skin of male than female rats, males having a |arger percentage
of the dose in their carcasses. Simlar anounts in both sexes
were excreted in the urine and feces. Al though the anount
absorbed fromthe skin was about the same over a 120 hour period
in mle and female rats, males absorbed parathion fromthe skin
much nore rapidly. Fenal es absorbed nmore in heart and |iver
ti ssue than nal es.

The plasma and red blood cells of human nmal es have hi gher
ChE activities than human females (WIls, 1972). Serum ChE is
significantly decreased in women using oral contraceptive pills
(Robertson,  1967). Hw this affects susceptibility in humans s

not clear, although in the rat, the female is nore susceptible
and has higher ChE activities than the nale,
o Age
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Kacew and Reasor (1984) report that "it is clear that neo-
nates are nore susceptible than adults to AChE inhibitors."
Al'though the hepatic cytochrome P450 systemwhich catalyzes some
OPs to their active netabolites (e.g., parathion to paraoxon) is
poor|y devel oped in neonates, neonates are still more sensitive,
apparent|y due to differences in detoxification, excretion, or
redistribution. For exanple, the level of the enzyme that
degrades mal aoxon (carboxylic ester hydrolase) is |ess than the
level of the activating enzyne for the first thirty days of life
of the rat. By thirty days of age malaoxon inactivationis equal
to its rate of production (Kacew and Reasor, 1984).

Besi des such differences in detoxification ability, the
specific activity of brain AChE increases froma mnimmin the
one day old rat, either due to an increase in the amount of AChE
or its catalytic activity (Kacew and Reasor, 1984).

In the human, adult [evels of AChE are not reached until
three to five nonths of age. Even though bl ood from neonates has
a higher proportion of young cells (which have higher activity
than more mature cells) than adults, AChE activity in newborn
circulating erythrocytes is [ess (Herz and Kaplan, 1973). Thus,
for a given concentration of ChE-1 pesticide, nmore AChE is
expected to be inhibited in newborns compared to adults (Kacew
and Reasor, 1984). This has been found to be the case with beef
cattie given ChE-l pesticides to control parasites, according to
Kacew and Reasor. Chlorpyrifos is thirty-fold more toxic to
calves than adult cattle. Brodeur and Dubois (1963) conpared the
' 060" s of sixteen ChE-1 pesticides given intraperitoneal |y for
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twenty-three day old weanling and adult rats. The acute toxicity
was fromone to five times greater for weanlings than adults,
except for OWPA, for which adults were five fold more sensitive.
On average, weanlings were twce as sensitive as adults. Mendoza

and Shields (1977) conpared the LDbg's of rat pups treated with
mal athion (99.3% by gastric intubation and found that one-day

ol d pups were three tinmes more sensitive than six day ol d pups
and nine times nore sensitive than eighteen day ol d pups.
Simlarly, the 150 (concentration of malathion required to
inhibit ChE by fifty percent at specified conditions) of one day
ol d pups measured for brain AChE was one-third, one-fourth, and
one-ei ghth the amount in six day, twelve day, and eighteen day
old pups, respectively. Lu, Jessup and LaVallee (1965) conpared
oral LDq's for malathion (99.6% in rats of different ages and
observed that newborns were twenty-eight tines more sensitve than
adults and seven times more sensitive than pre-weaning rats.
They al so observed that dividing the dose over four days reduced
the toxicity in adults but increased the toxicity in pre-weaning

Parathion, malathion and aldicarb all pass through the
placenta and are toxic to the fetus. Malathion and parathion
have been shown to have teratogenic effects [Cal abrese (1978),
Fish (1966), Hoffman and Eastin (1981), Wttenbach and Thompson
(1985), etc.]. Canbon et al. (1979a) found that AChE in the
brain and blood (but not liver) of rat fetuses was consistently
more inhibited than that of the dams treated by gastric intuba-
tionwth aldicarb on the eighteenth day of gestation. Carbo-
furan consistently inhibited brain AChE more in the damthan in
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the fetus, while for pirimecarb, no consistent pattern was
observed. Canmbon et al. (1976b) hypothesize that the reason for
the observed differences in sensitivity are due to differences in
fixation of carbamate derivatives on the fetal versus maternal
i soenzynes.

The sensitivity of the elderly to ChE-I1 pesticides is |ess
clear than for the very young and unborn. Rider et al. (1957)
found that plasm ChE showed a small but definite increase with
age in both sexes. CQther investigators [Calloway et al (1951),
Gage (1969)] did not find age to bhe a factor influencing the
magni tude of variability of ChEin adults. Ando et al. (1984)
found that serum ChE activity increased according to age in
females, while it decreased slightly according to age in males.
The ChE activity was higher in males than in females under fifty
years of age, whereas the reverse was found in persons over
fifty-five years of age. They also detected seasonal variation
(higher activity in wnter than summer) in females but not males.
There does not appear to be any conclusive evidence indicating
that adults of any specific age may be more sensitive to ChE-|

pesti ci des.
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o] Nutrition
Nutritional deficiencies have been found in some cases to
increase the susceptibility of test animls to ChE-1 pesticides.
Parathion, malathion and banol all produced greater ChE-1 inrats
on low protein diets than on high protein diets (Casterline at
al. (1969a, b, 1971 a, b) , Vaishwanar and Mallik (1984)). Para-
thion-induced serum ChE-1 was nore dependent on dietary protein
| evels for subchronical | y-exposed rats (28 days) than for acutely
exposed animals (single dose) (Casterline and Wllians, 1971).
Behavioral changes were noted more often in rats on [ow protein
diets exposed to parathion or hanol than in unexposed rats on |ow
protein diets or exposed rats on high protein diets (Casterline,
Brodie and Sobotka, 1971). These behavioral changes consisted of
a higher proportion of "No escape" rats (i.e., rats failing to
press a lever to either avoid or escape a negative stimilus
[electric shock] after training in a standard operant condition-
ing chanber). None of the diet-pesticide groups tested were
associ ated with significant changes in avoi dance only behavior
(l'ever pressing during conditioned stinuli [light and sound]
preceding the unconditioned stinmulus [shock fromelectric
grids]). Inthis experiment, although behavioral changes were
noted, the activites of ChE (and monoam ne oxidase (MAQ)) in the
cerebel lumand cerebrumwere not significantly affected by the
| ow casein diet and/or the presence of a ChE-1 pesticide. Since
brain ChE can not be assayed until the end of the experinent (at
9 weeks in the parathion experinment and 10 weeks in the banol
experiment), it is possible that inhibition may have occurred
earlier in the experinent, preceding adaptation to chronic

11-19


NEATPAGEINFO:id=4B693F9C-33B2-4CB3-BCF2-04D72EA3D319


exposure. In fact, brain ChE-1 was noted ina simlar 28 day
experinent by the same investigator (Casterline and WIlians,
1971). It is noteworthy that behavioral effects can be observed
fol | ow ng subchronic exposure to a ChE-| pesticide even when
brain AChE levels are not inhibited. Subchronic exposure to
parathion was found to decrease serumand |iver triacetinesterase
(AlTE) activities in protein-deprived animals as well as ChE
activities, thus reducing the detoxification ability in those
animal s and naking themhighly susceptible to poisoning, even at
low doses (Casterline and Wlliams, 1971).

Inaddition to protein (casein), varying dietary levels of
cal cium(Ca) and magnesium (M) al so affected ChE-1 by parathion
and banol (Casterline and WIlians, 1969a). Both high and | ow
| evel s of these cations decreased serumand brain ChE-1 by para-
thion and hanol. Liver ChE-1 was also decreased by parathion and
banol , except by | ow magnesi um which increased ChE-1 by para-
thion. Serumand brain AliE by parathion and banol was un-
affected or decreased by altered cation |evels, while [iver AllE
| by parathion and banol was significantly increased by high My
or high Cainthe diet. These results are difficult to inter-
pret, since they inply that lowor high dietary concentrations of
My or Ca mght decrease susceptibility to parathion and bano
since ChE-1 by these conpounds is reduced. However, the changes
in ChE and Al E that occurred after pesticide admnistration did
not influence the lethal action of the pesticides, except wth
the casein-free diet, where the mortality was increased.
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Animals on food restricted diets, or deprived of water, were
al so shown to be nore susceptible to subchronic (via diet) and
acute exposures (via intraperitoneal injection) of parathion and
paraoxon (Baetjer, 1983 and Villeneuve et al., 1978). Food
restriction had a significantly greater effect than water depri-
vation on blood ChE-1 by parathion, but not paraoxon.

In the subchronic study, food restriction increased plasm
ChE-| elicited by parathion, but brain ChE was not inhibited by
the doses of parathion used, either alone or with food restric-
tion. Increased inhibition of plasma ChE in animls subjected to
food restriction was not observed at the NCEL for the study.

o Pr egnancy

During routine blood ChE monitoring at a pesticide industry,
it was observed that a marked fall in plasma ChE occurred in
pregnant wonen in their first trinmester who had not been exposed
to ChE-1 pesticides (Howard et al., 1978). A nore extensive
survey by Evans and Woe (1980) on 941 pregnant women distributed
evenly throughout the 40 weeks of gestation revealed that a rapid
fall occurred in the first trimester to a | evel which did not
alter significantly during the remainder of pregnancy. Even
| ower val ues were observed in the 105 patients exam ned during
the week follow ng delivery. Three of the wonen surveyed
possessed abnormal genotypes (i.e., EMA AJARAPA AJAT ANA
E* A ) and were excluded fromthe study. Nevertheless, sone
wormen were determned to be at risk to succinylchol ine on the
basis of ChE activity between 1.68 and 2 units/nl. The nunbers

of pregnant women at risk for each time period investigated
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closely paralleled the changes in nean enzyme activity over tine,
with the highest risk of apnea and prol onged effects of succinyl-
choline occurring immediately after delivery.

How do | ow | evel s of plasma ChE occurring during pregnancy
affect susceptibility to ChE-1 pesticides? Recall that it was
uncl ear whether individuals possessing non-normal genotypes and
| ow | evel s of plasma ChE woul d be nore susceptible to ChE-|
pesticides due to the decreased ability of plasma ChE to hydro-
| yze cholines, or |ess susceptible since their plasma ChE was
found to be less sensitive to fluoride, dibucaine, and sonme other
ChE-I conpounds. Weitman et al. (1983) found pregnant mce to be
nore susceptible to single doses of parathion and paraoxon than
virgin female controls. In pregnant mce, signs of cholinergic
stinulation (tremor, weakness, lacrimation, salivation) were nore
Intense, brain and plasma ChE activites were |ower, blood and
brain concentrations of parathion and paraoxon were higher, and
serum paraoxonase activities were |ower, conpared to controls.
\Whet her pregnancy-induced al terations of hepatic function, ChE
activity, serumprotein binding, serumesterases or a conbination
of these are responsible for the enhanced susceptibility is

uncl ear,

o0 M scel l aneous Health and Environnental Factors

The susceptibility to ChE-|l pesticides can be affected by

exposures to physical factors (e.g., cold), biological agents

(e.g., viruses), and other toxic substances (e.g., pesticides,
drugs) .

Not only can the toxicity of ChE-1 pesticides be altered in
individuals with hypo- or hyperthermia, but ChE-1 pesticides my
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have hypothermc effects. Doull (1980) reports that hypertherna
i ncreases the toxicity of parathion, while Chattopadhyay (1982)
found that half the LD50 dose of parathion was |ethal under cold

t enper at ure.

The percent whol e bl ood ChE-1 by DDVP was significantly |ess
In cold-exposed rats than in rats at roomtenperature, but by
parathion was significantly more at one-half the LD*q dose and

unal tered at one-quarter of the LD5Q dose. Chattopadhyay (1982)
al so noted hypothermc efects of OPs in rats under cold exposure.

Body tenperature decreased as the dose of OP increased, and the
hi gher the ChE-1 the |ower was the body tenperature of the
animals under cold tenperature.

Whol e- body radi ation produces a dose-dependent decrease in
BuCh activity of the iliain rats and mce, but there is no
significant change in the acute toxicity of ChE-l pesticides in

aninmals given |ethal exposures of whole-body ionizing radiation
(Doul |,  1980).

Doses of parathion ordinarily considered sublethal were
|ethal to mce infected with the virus MOW (nurine cytonegal o-
virus),, apparently due to a decrease in the ability of infected
mce to detoxify parathion (Belgrade et al., 1984). MCW is wel |
established as a nodel for human cytomegal ovirus, a ubiquitous
herpes virus which infects a large portion of the popul ation and
remains with the host in a latent state for a [lifetine.

The effects of human cytomegal ovirus are usually subclinical
or indistinct, but infections can be manifested congenital Iy,
perinatally, in individuals who are immunosuppressed, and in sonme
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ot her instances. Serum ChE was inhibited nore by infected mce
conpared to wuninfected mice.

Synergistic interactions anong ChE-1 pesticides are known to
occur. Most of the studies of synergi smanong these conpounds
have tested for acute toxicity. According to Doull (1980),
conbi nati ons of several OP pesticides fed at "recomended tol er-
ance levels" failed to produce significant synergistic toxicity
in chronic feeding studies.

Mal athion is potentiated by many OPs since it is detoxified
by carboxyl esterases that are inhibited by other OPs. Potentia-
tion of malathion is known to vary across species. For exanpl e,
TOTP (triorthotolyl phosphate) given at a dose which al one did
not significantly affect brain AChE potentiated the anti -
chol i nesterase action of malathion by 29-fold in mce, 17-fold in
quail, 100-fold in frog, 11-fold in sunfish and 12-fold in bull -
heads (Cohen and Murphy, 1970). |sonmal athion and other inpuri-
ties in technical malathion potentiate nalathion and are believed
responsi ble for an epidem ¢ poisoning in Pakistan in 1976 during
a mal aria eradication program (A dridge et al., 1979). Potentia-
tion of malathion by these inpurities is significantly less in
the mouse conpared with the rat (Uretsu et al., 1977).

Potentiation can al so occur between drugs and ChE-I pesti=
ci des. For exanple, chlorpromazine, a tranquilizer, has been
shown to potentiate dichlorvos toxicity in rats, producing about
twi ce as nuch ChE-1 as dichlorvos alone. Drugs that deplete
gl utat hione (e.g., acetam nophen) may potentiate the toxicity of
some OPs which are detoxified by glutathione transferases

(Marqui s, 1986) .
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I n contrast, organochlorine (OC) insecticides protect
agai nst the acute toxicity of several OP insecticides. This is
probably because OC s stinulate detoxification of OPs by |iver
m crosones and increase noncatal ytic binding sites for OPs
(Doul |, J980), Lead was observed not to potentiate parathion
toxicity (Phillips et al., 1973). However, both |ead and cadm um
decreased AChE in rat brain follow ng chronic exposure in,the
animal s' drinking water (Marquis, 1986). Marquis (1986)
summari zed her review of heavy netal interaction with pesticides:
"Clearly, the CNS is rendered nore susceptible to the hazards of
ChE inhibition in animals chronically intoxicated by heavy
netal s. "

ChE levels are known to vary with certain disease conditions
(Silver, 1974). A decrease in serum ChE | evel s has been asso-
ciated with sonme fornms of anem a, |iver disease, carcinom,
epi | epsy, eczema, rheumatic fever, typhus, tetanus, kwashi orkor,
and tubercul osis, while an increase in serum ChE | evel s has heen
associated with diabetes, asthma, obesity, kidney disease, hyper-
thyroi di smand hyperlipoproteinema (abnormal |ipid netabolisn.
Patients with nental abnormalities, including psychopathic
patients, had raised levels of serum ChE nmore often than contro
subjects, A decrease in the ChE's of both serumand erythrocytes
has been noted in cases of renal ischaema. Spastic children
have higher activities towards ACh in serumthan either mongol oid
or moronic children, who have activities within normal limts.
ChE levels in erythrocytes are bel ow normal in schizophrenics.
According to a study reported by Silver, the stress associated
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wth sitting university examnations can cause an increase in ChE
| evel s in whole blood fromhealthy students. A cohol and nico-
tine have been shown to depress brain AChE |evels. It is not
clear whether or to what extent individuals with these diverse

conditions may have altered susceptibility to ChE-l pesticides.
Individuals wth lowChE activities may be at high risk

Met hodol ogy

Several reviews of the methods for determning ChE activity
are available [Silver (1974), Wlls (1972), Augustinsson (1971)].
These nmethods vary in their accuracy, conplexity, efficiency, and
units measured. The conditions to which the enzyme i s subjected
differ according to the method used, and thus the results ob-
tained by different methods are not directly conmparable (Silver,
1974). Tenperature, pH substrate, buffer, and contam nants
(e.qg. salts, detergents) can affect the neasurenment of ChE acti-
vity. Activities may be reported as the change in pHin a weak
buffer solution due to the release of acetic acid fromACh (e.g.
M chel nethod); the amount of CO2 evol ved from bicarbonate by
acetic acid released fromACh (e.g. \arburg manonetric method);
the vol ume of sodi um hydroxide needed to hold the pH of the
reaction mxture constant (e.g. Hall and Lucas continuous titra-
tion or pH Stat method); or the amount of substrate (e.g., ACh,.
BzCh (benzoyl choline), BuCh) hydrolyzed. Reporting ChE activity
interms of mcromoles of substrate hydrolyzed per m per mnute
makes conparisons nore valuabl e (Cornish, 1971). Analysis of ChE
following inhibition by carbamates requires special methods.
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since the conplexes formed wth ChEs by all but a few of the
carbamates are readily dissociable by dilution (Wlls, 1972).

As previously mentioned, it is inportant that ChE activity
be assayed frequently to detect peak inhibition during chronic
studies of ChE-l by pesticides. Different pesticides reach peak
ChE-1 at different times in different species. Aso, a lack of
ChE-1 shoul d not be considered as a true absence of effect when
ChE is measured at only one site (e.g., plasmy). For exanple
Cornish (1971) cites a study with guthion in which brain ChE
activity was inhibited by 60%while serum ChE was unaffected.
Measuring only serum ChE woul d have resulted in a serious under-
estimation of the risk posed by guthion. Brain and blood contain
both AChE and BuChE, so it is reconmended that activities be
determned separately. Reporting activities in terms of percent
of mean control activity, while permtting comparisons between
| evel's, does not provide informtion on the pre-exposure condi-
tion of the animal nor the variability involved. Evenin studies
using laboratory animls, where one woul d expect little varia-
tion, considerable variation my be present (e.g., see figures
[l 1-4). Gage (1967) has pointed out the [imtations of comn
paring individual ChE activities to a popul ation average since
the coefficients of variation in control studies range from10 to
25 percent. A much better control is a series of pre-exposure
levels on the individual or animal to be studied. Reporting the
variability encountered in a study provides more flexibility in

the choice of dose-response assessment methods (see Section ||
of this report).

11-27
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Table 1-1: Effects of ChE-l Pesticides Linked to ACh
Accunul ation at Various Receptor Sites

Recept or E£ff £C

Muscarini c a) bronchoconstriction and
(smoot h nuscl es, i ncreased bronchi al

heart, exocrine secretions, resulting in

gl ands) wheezi ng and chest tightness.

b) increased salivation, :
| acrimation, and sweating

c) increased G tone and
peristalsis, resulting in
nausea, vomting, abdom na
cramps, diarrhea, tenesnus,
and involuntary defecation

d) bradycardia

e) snooth nuscle contraction in
bl adder, resulting in
i nvol untary urination

f) contraction of pupils

2. Ni coti nic a) easy fatigue, weakness,
neur onuscul ar i nvol untary twitching, cranps,
junction fasiculation, and respiratory
muscul ar weakness |eading to
dyspnea and cyanosi s
aut onormi ¢ b) pallor, elevated bl ood
ganglia pressure, hyperglycenia, and

ot her effects which can nmask

I T-1
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Recept or

3. Central nervous

syst em

[ Adapt ed from Doul |

1980]

Ef f pct -

muscarinic effects (e.qg.,

tachycardi a)

a) behavioral effects: tension,

anxi ety, restlessness,

i nsotmmi a, headache, enoti onal
instability and neurosis, *
excessi ve dream ng and

ni ght mares, apat hy, confusion

b) neurol ogical effects: slurred

T-2

speech, trenor, generalized
weakness, ataxia, convul sions,
depression of respiratory and

circulatory centers, coma
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Table 11-2: I nci dence of Synptons from Poi soning by ChE-I
Pestici des Assocliated with ChE-I in Red Bl ood

Cells *
I nci dence of Synptons I nci dence of Synptons
Strongly Correl at ed Associ ated with ChE-1,
(no.90) with Anmpunt but not Strongly
of ChE-I Correl ated wi th Anpunt
of ChE-I
Eye Nose
M osi s Rhi nor r hea
Lacri nation, Pain
Di mmess of Vi sion Respiratory
| npai red Acconodati on Constriction of Chest
Pai n on Acconpbdati on Cough
I njection Conjunctiva Wheezi ng and Ral es
Dyspnea
Central Nervous System
Dreans, Poor Sleep Central Nervous System
I ncreased Perspiration Headache (r=.89)
D zzi ness. Fatigability
Par est hesi a and Col d Nervous and Irritable,
_ ) Mood Changes (r=.82)
Gast roi nt esti nal Trenor and Twi t ch,
Anor exi a and Nausea Fasicul ation (r=.74)

Derived from 449 cases of anticholinesterase poi soning.
Amount of RBC ChE-1 determ ned using an average of pre-

?§ ggure val ues as the control (adapted from Hol nes and Gaon

I T-3
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Table 11-3: ChE-l NOEL (ng/kg/d) and Length of Feedi ng Study
Pesti ci de, Species Length of Study Trend
33-34d. 56d. 90d. 6 nm. 1yr. 2 yr.

Par at hi on, rat (SD)

Pl asma <. 125 .. 025 ca. ) 2
Par at hi on, dog (beagle)

pl asnma <.3 <.01 (J.)?

RBC . 3(mal e) <.01

Mal at hi on, rat

RBC 5 5.0
Chl ort hi ophos, rat
p| asnma . 025 .02 4' (:)
RBC .1 . 08
Chl ort hi ophos, dog (beagl e)
p| asm <. 025 .05 1-
RBC . 025 . 025 =
Et hi on, dog
pl asma . 025 .15 t
Chl orpyrifos, rat
RBC <.3 .15 1 i (?)
Di net hoate, rat
pl asma N .16 . 05 4,
RBC VARS .16 .05 4
Al di carb sul fone, rat
pl asma 2.4 1.2 6
RBC 2.4 1.2 6
SD:  Sprague-Dawl ey strain
Studi es from sanple, described in Appendix 111-3

Trend as increase study length: 4" indicates NCEL dec-
reases as study lengh increases; T indicates NCEL in-
creases as study length increases; = indicates no
change

Dosi ng by intraperitoneal injection

I T-4
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I11. Dose-Response Assessnent
A.  Approaches to Dose- Response Assessnent

There are four main appproaches to using experinental dose-
response data to obtain estimates of a response at |ow policy-

rel evant doses:

1) the NOEL uncertainty factor approach

2) the "benchmark dose" uncertainty factor approach pro-
posed by Crunmp (1984))

3) mathematical nodeling of the entire dose-response curve

4) linear extrapolation.

NCEL- Uncertainty Factor Approach

In this approach, an acceptable daily intake (ADI) is esti-
mat ed by

ADI = iiOHL
uncertainty factor

where the NCEL is the "no observed effect level," defined by EPA

as

The | evel uant|t of a sybstgnce admnistered to a
gr oup 0? x% n|né1 ﬁ%lch ennnstrates the

h senciio | veTse %h ects obs%rve or neasure
ose | evels uces no biol ogi
% *'&ant mfferen imtmee$t31 grou ? che \\&
an|na é nexp se coﬁ) (Hr %9
con ns.

S nmal nt alne un er rdentica
J;gs EPA 1985] (Enphasi s added fron1earI|er

Underllned terns Ver e on1tted inthe def|n|t|onIMW|tten
he decade before ? hree OPP scientists |n Un|te

S f at es Fe ticlde Tolerance %y Sf.e as re orted

;

phbd Al LR Tt e

artne era |ons el ture
Dig}@e m|m tee on9§95|cu turer| 9§th C%ngr i r'st
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An ADlI is defined as the amount of toxicant in mlligrans

per kil ogram bodywei ght per day (or in mlligrans per day for a
70 kg person) which is not anticipated to result in any adverse
effects after chronic exposure to the general popul ation of
humans, including sensitive subgroups [U S. EPA, 1980]. An un-
certainty factor is a nunber intended to account for the uncer-
tainties in using a response at a single dose (the NOEL) from an
experimental study to estimate a level of risk for the diverse
human popul ati on.

Traditionally, the uncertainty factor is a multiple of 10.
The appropriateness of selected values for uncertainty factors
for ChE-inhibiting pesticides has been an area of debate within
the Agency, reflecting the larger debate over uncertainty factors
in general. The determnation of a NOCEL for these conmpounds is
al so controversi al .

EPA uses the NOEL- UP approach for ChE-I pesticides and other
substances (referred to by EPA as "system c toxicants") believed
to exhibit a threshold (EPA, 1986). This approach is not
consi dered appropriate for agents that do not exhibit a
threshol d, which is usually the assunption for carcinogens. The
NCEL, although actually a subthreshold dose level, is used to
estimate the threshold dose, which in reality |lies between the
true NOCEL and "I owest observed effect level,"” or LOEL. The
measur ement of the actual or true NOEL, LCEL, or threshold dose
Is a "trans-scientific" problem|[see Section V] since these
val ues can not be nmeasured due to practical limtations on the
size and sensitivity of experiments. The termthreshold is

general |y applied to individuals, although in establishing an

Il - 2
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ADI, a popul ation threshold is inplied. A population threshold
i's theoretically the threshold of the nost sensitive individua
in a popul ation [EPA, 1986].

In keeping with the approach recomended by the NRC (1983),

EPA conceptual [y separates risk assessment fromrisk managenent,
and recommends that the term"reference dose" (RfD) be used in

lieu of "ADI" [EPA (1986)]. It is argued that the use of the
val ue-laden word "acceptable" is inappropriate in the largely
scientific process of risk assessnment. Qther non-scientific
factors also determne what [evel may be considered "acceptable. "
Use of the termADl inplies that doses higher than the ADI are
"unacceptabl e" and that all doses |ess than the ADI are "accept-
able" or "safe." Inreality, there are many uncertainties in
estimating an ADl which do not permt such a strict interpre-
tation. The concept of a "reference dose" (RfD) is presented as
a dose to be used as a reference point for gauging the potential
effects of other doses, as a way of circunventing these connota-
tions. For simlar reasons, the term"uncertainty factor" is
preferred over "safety factor." The REDis estimted in the sane
way as an ADI. The nore the RfD is exceeded (both in frequency
and in mgnitude), the nore [ikely it is that adverse effects may
be observed in a human popul ation. Likew se, the more the EfDis
avoi ded (in frequency and in magnitude) the less likely it is
that adverse effects may be observed in a human popul ation.

"Benchmark Dose" —Uncertainty Factor Approach
In response to criticisms of the NOEL- UF approach (e.g.,
problens in measuring a NCEL), Crunp (1984) suggested a new

rr - 3
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method for determning ADIs which uses a "benchmark dose" (BD) in
lieu of a NOEL. He defines the BD as the statistical |ower

confidence limt of a dose producing sone predetermned increase
in response rate such as 0.01 or 0.1 percent. Although the BDis
cal culated using a mathematical nodel, this approach is different
fromthe mathematical nodeling approach described bel ow since it
does not attenpt to nodel the response at |ow doses. In fact,
the particular nodel used is not very inportant since the method
does not involve extrapolation nuch bel ow the experinental range.
Thi s approach can be applied either to data where responses are
quantal ("all or none") or (as is the case with ChE-l) to con-

tinuous ("graded") responses. It also requires the use of
uncertainty factors.

Mat hematical  Modeling Approach
This approach is used by EPA to assess the risks of sub-

stances believed to pose a risk at any dose, no matter how smal
(e.g., carcinogens). For these non-threshold toxicants, a mathe-

matical nodel is fitted to animal dose-response data and used to
predict risks at [ower doses which correspond to those experi-
enced by humans. The choice of a nodel, although partially
based on biological plausibility, is a mtter of policy (degree
of conservatism, since the choice of nodel can result in risk
estinmates which may differ by orders of magnitude. There is no
inherent property of threshold toxicants which renders them un-
suitable for dose-response nodeling; the choice of the NOEL-UF

approach for these conpounds appears to be largely based on

tradition.
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Two types of nodels are often used: (1.) tolerance-

di stribution nodels and (2) stochastic or probabilistic nodels.

Tol erance-distribution nodel s assume that every person in the
popul ation has their own tolerance to the toxicant. These nodels
(which include the probit, [og-probit, logistic, and Wibull) can
be used for "non-threshol d" toxicants by assum ng that the popu-
| ation tol erance (the mninum of the individual tolerances) is
zero. A number of factors (e.g., gender, race, diet) appear to
affect individual susceptibility to ChE-l1 pesticides, so that the
assunmption of a distribution of tolerances appears to be well

founded for these (and nmany other) conpounds. In contrast, the
stochastic nodels (which include the one-hit, nulti-stage and
multi-hit) assume that a response happens as a consequence of a
random occurrence of one or nore biological events, and that each
individual in the popul ation has an equal probability of respond-
ing. The one-hit, nulti-stage, and nulti-hit nodels were derived
fromtheories on the mechani smof carcinogenesis, and are not

applicable to ChE-| pesticides. However, it is possible that

ot her stochastic nodels (based on our know edge of the mechani sm
for ChE-inhibition) could be devel oped. The nerits of one such
model (WIkinson, 1983) will be discussed.

Linear Extrapolatign (Interpolaticn) ftpprcach

Partially in response to the criticismthat the choice of a
particul ar mathenmatical nodel could not be scientifically justi-
fied, the U S. Food and Drug Admi nistration adopted a procedure
recommended by Gayl or and Kodel| (1980) for dose-response assess-
ment of carcinogens which does not depend on any mathenati cal
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nodel for extrapolation. This procedure assunes that the dose-
response curve has a signoidal shape (a fundamental toxicol ogica
prem se supported enpirically), and rather than providing an
estimate of risk in the low dose region, it places an upper limt

on the potential risk at | ow doses. This procedure consists of

four steps:

1) Approximate the dose-response relationship in the
experinental data range using any appropriate nathe-

mati cal nodel which adequately fits the data.

2) Obtain the upper confidence Iimts on the response

above background (control) levels in the experinmental

dosage range,

3) Connect a straight line fromthe origin to the point
representing the upper confidence limt at the | owest

experi nental dosage.

4) otain upper limts of risk for | ow dosage or dosages
corresponding to upper liiaits of small risk fromthe

interpolation line obtained in step 3.

Not e that although the interpolation Iine goes through the
origin, this does not inply that it assunes a no threshold
response, since it provides an upper limt, not an estinate, of
the actual risk in the | ow dose region. The procedure is
actually interpolative since it is estimating a val ue between two
known data points. Several variations of this basic procedure

have al so been suggested (Krewski et al. 1984).


NEATPAGEINFO:id=09DE9F55-1DFC-4C41-9EFC-1032AFDAE5C6


B. Selecting the Best Approach
A key consideration in the choice of a dose-response assess-
ment method is the way in which uncertainties necessarily
involved in |ow dose extrapolation are handled. Since the goa
is a consistent and rational risk assessment policy, the approach
shoul d be justifiable on scientific and policy grounds. Wth
this in mnd, each of the possible approaches can be eval uated
using existing data on ChE-l pesticides.
1. NCEL- UF  Approach
Al t hough the NCEL- UF approach has been the method used for
threshol d toxicants for many years by many agencies, using this
approach for ChE-1 pesticides has some |imtations, including:
1) the uncertainty regarding the meaning and estimtion of
a NOEL for ChE-I
2) the uncertainty regarding the appropriate UP to use
when cal culating an ADI for ChE-l pesticides
3) the effect of study design on establishment of a NOEL
(e.g., sanple size and choice of experimental doses)
4) neglect of available information on the dose-response
relationship
5) it is not a cost effective way of using available data.
As discussed in the Hazard Identification section of this

report, there are several uncertainties in regard to establishing
a NCEL for ChE-I:

1) Wat is the biological significance of ChE-1? How does
ChE-1 relate to inpairnent of normal physiological

functioni ng?
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2) s it possible to establish a biological threshold for
ChE-1 that is indicative of a NOEL? If so, how shoul d

it be neasured?

There are several science policy options for handling this
uncertainty:

1) Establish a level of ChE-1 which will be considered an
effect for regulatory purposes, stipulating the

paraneters under which it will be applicable. Th'ese
paraneters may include:

a) whet her post-exposure values of ChE are to be
conmpared to control values or to pre-exposure
val ues to determ ne the anount of inhibition
(e.g., inaspecies with a large degree of intra-
species variation in ChE values, such as humans,
conparison to pre-exposure |evels may be nmuch nore
meani ngf ul .

b) nunber of pre-exposure baseline determnations
(e.g., afall inactivity could be regarded as
significant (p < .05 if it exceeds a value given
by the expression [1.65 s->/n+l]/n (Gage, 1967*)
where s is the standard deviation around the indi-
vidual average and n is the nunber of determ na-
tions on which the pre-exposure average i s based

. . .
The , F4RLGSSI Oy altn c\j i, % Dipeats 4 b0 GRE 3
[1ICe | nereas) g pre- ex re ase e 06 er i Nat | ons. | §
ecteases €0 n néeded 1.0 sho
statistica mg| |cnce |w ebyn, not multiply).
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c) site and type of ChE measured (e.g./ a snaller
amount of brain AChE-1 may be nore significant
than AChE-1 in erythrocytes)

d) length of study/age of animal (e.g., a conparison
of pre-exposure ChE level s when an animal is young
Wi th post-exposure ChE levels near the end of its
life span may be confounded by age)

e) species or strain of experimental subject (e.g.,
depression of RBC ChE by 25% may be of greater
bi ol ogi cal significance in rabbits than dogs)

f) neasurement method of ChE-I

g) type of pesticide (e.g., OP or carbamate)

h) rate of ChE-|

1) severity of other effects seen at higher doses.

2) Determne a statistical level(s) for which differences
in ChE measurenents will be considered significant for
regul atory purposes (e.g., p <0.5), stipulating the
conditions under which it wll be applicable (see a-i,
above) .

3) Specify the conditions for which ChE-l1 per se may not
be an adequate toxicological endpoint (e.g., carbamates
for which the inhibition of ChE is rapidly reversible).

4) Use a dose-response assessnent approach that does not
require the establishment of a NCEL (e.g., for all ChE
|, or only for some, such as carbamates).

5) Incorporate this uncertainty as a conponent of the UF.
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The second criticismconcerns the choice of an UF. Wat
factors should be considered in establishing the UF? How shoul d
they be quantified? Various federal governmenal agencies and
scientific organizations have recomended different UFs, as
summarized in Table I11-1. However, the actual UF enployed does
not always adhere to these recommendations. For exanple, a
variety of UFs have been used in calculating ADis (RfDs) for ChE:
| pesticides. These may be justifiable inlight of the recently
articulated "modifying factor" (M). To assure consistency in
the selection of a M, some sort of guidance will be required.

There have been various attenpts to justify the selection of
UF values, with [ittle success. Dourson and Stara (1983) of EPA
have characterized the uncertainty represented by a | OOX UF as
being basical 'y of two types: interspecies variability and
Intraspecies variability. Mst of the justifications for a | QOX
UF givenin Table II1-] fall into one of these two categories,
with the exception of uncertainties arising frompossible syner-
gistic action with other contamnants,and small sanple sizes. A
|OX UF i's generally ascribed to interspecies and intraspecies
variability. Section I'11C docunents the evidence to support an
UP for these two types of uncertainty in the dose-response
assessment of ChE-| pesticides, in an attenpt to resolve sone of
the controversy over the nost appropriate UF to choose.

The third criticismof the NCEL-UF approach is its depend-
ence on study design. EPA's use of this approach discourages a
registrant fromplanning nore sensitive studies using a large
nunber of animals. Alarger study has a higher probability of
showing a statistically significant result at a given dose | evel
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and thus will more [ikely result inasmaller ADI. Gaylor (1983)
iI1ustrates this using results fromtwo hypothetical experinments:

Proportion of diseased animals (%
Dose Units Ej“E£j:iment 4 E3tpE7.inierLt B

O 0O/ 20 o 0O/ 60 O

L 238 (sl 488 A
3 10/ 20*(( 50) 30/ 60*(( 50

* Statistically different fromcontrol (p < .05)

Al'though the results of both experinents are proportionally
identical, the NCEL in experiment Ais 2 and in Bis 1 dose unit.
This is because the results at 2 dose units are statistically
significant only at the p < 0.244 level in Experiment A whereas
in Bthey are significant at the 0.05 |evel. Dividing by an DF
of 100 yields an ADI (RfD) for Experinent A of 0.02 dose units
and 0.01 dose units for B. W would have expected Experinent B
to produce a larger ADI than A since there is [ess random varia-
tion, but that is not the case if this approach is used.

Anot her study-design related concern in using the NCEL-COF
approach is the selection of experinmental doses. The hi ghest
true NCEL may be anywhere between the NCEL determined in the
study and the LCEL. Thus, the NCEL is either an unreliable
estimtor of the threshold dose (assumng a threshold exists).
O, it may not be possible to determne a true NCEL if it is
above or bel ow the experinmental dose range. Proponents of the
NOEL- UF approach mght counter these criticisns by pointing out
that Good Laboratory Practice Standards and other EPA guidelines
specify the mnimum numbers of ani mal s/ dose |evel to ensure an
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adequate stuady design. Although this ensures that "unacceptably"
small (i.e. substandard) studies will not be used, studies using

larger than the mnimlly acceptable sanple size to denonstrate
greater evidence of safety are discouraged.

One partial solution to this problem (of discouraging |arge
sanpl e sizes) woul d be a policy guiding the use of modifying
factors (Ms). Sample size is, infact, cited as a justification
for enploying a MF other than the default value of one in a draft
EPA concept paper introducing the term M (EPA 1986). However,
Wi thout a risk assessment policy in place to offer guidance,
different scientists wll [ikely select different Ms in a given
case, since the value is largely arbitrary. Such inconsistency
|s scientifically unjustifiable and woul d undoubtably |eave the
Agency vul nerable to charges that personal values had entered
into the risk assessment. In contrast, a well-established policy
rqurding the use of MFs coul d encourage larger, more accurate

The fourth major criticismof the NCEL-UF approach is that
It ignores dose-response information, since the NCGEL is [imted
to the dose |evels tested. Two alternatives are possible: (a)
utilize a different approach, such as the BD concept, or (b)
devel op a risk assessment policy based on the dose-response curve
to guide the choice of Ms. Since uncertainty in the estination
of a NCEL can result in a much greater underestination of risk

when the dose-response curve is steeply rather than shallowy
sloped, larger Mrs coul d be applied.
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Lastly, the NOEL- UF approach does not use available data
cost-effectively. In three out of five studies attenpting to
det ermne subchronic or chronic NCELs for ChE-l cited in an EPA
risk assessment document for parathion (Gali, 1985), NCELs for
ChE-1 coul d not be determned since effects were observed at all
doses tested. Under the current approach, the only information
gl eaned fromthese studies (which can cost between $500,000 and
$1 mllion) is that the NCEL is less than the |owest dose tested.
|f another approach was used, this same data could be utilized to
estimate that dose producing sone smal| additional Ievel of risk.
2)  Benchmark Dose (BD)-UF Approach

The BD-UF approach suggested by Crunp (1984) was devel oped
inan attenpt to respond to the criticisms |odged against the
traditional NOEL-UF approach. Specifically, it addresses the
followng criticisns of the traditional approach:

the effect of the study nethod in establishing a NOEL
| arger experiments tend to produce |arger BDs (in con-
trast with NCELs) and BDs are not limted by having to
be one of the doses tested.
the disregard of existing information on the dose-
response relationship: BDs reflect the dose-response
pattern to a nuch greater degree than NCELs, since
estimtion of the BD involves fitting a nodel to the
dose response dat a.

- the inability to make cost-effective use of data: any

properly conducted and reported study can be used to
calculate a BD, unlike a NOEL.
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—the uncertainty regarding the meaning and estimation of
. a NOEL: although it is true that it 1is not necessary
to define a NCGEL to determine an R'D using this
approach,  the hiological significance associated wth

the dose used to determne the RFD renains unresol ved.

For continuous data (such as ChEl) the BD is defined as the

dose which corresponds to a specified amunt of absolute change
in the mean value relative to the mean value in the absence of
the dose (the “"extra response"):
BD = nfd) - mQ
m( o)

where d = dose and n(d) = nmean response at dose d. Since ChE-|
IS a continuous response showing a snooth dose-response trend it
is difficult to pinpoint a threshold for a given subject and even
nore difficult for a large human population. [If it is assumed
that exposure to ChE-l pesticides is capable of producing sone,
al beit inmmeasurable, inhibition of ChE, a policy decision could
be made to establish what portion of the extra response (% would

constitute the BD.

Crump suggests three nodels for continuous data: (1) the
continuous |inear regression (CLR) nodel

md) =c +q2(d- dg) for d 2 dg
= c¢c for d < dg

where dg "0 and c and g are unrestricted, (2) the continuous
pol ynomal regression (CPR)  nodel

md =c gt (d-d) ¢ o gM{d oot fordla
=c¢c for d < dQ
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where dg 2. 0 and gj™'s are either all positive (increasing dose
response) or all negative (decreasing dose response) and (3) the
continuous power (CP)  nodel

md) =c¢  +q2d - dgk.

The assunption is made that the responses of subjects in a
dose group are normal [y distributed with mean n{d|) and variance
cy™ Wth this information a maxinum|ikelihood estimte can be
conputed. Unfortunately, ChE-l data is often reported as nean
ChE/ dose group, without reporting the variance. Since the ani-
mal s used in a given experiment are genetically honogeneous, one
could assunme a relatively small variance. However, as Figures
|11 1-4 show, this may not be a valid assunption. \Men investi-
gators do not report variance, these methods can not be used.

As with the NCEL- UF approach, there is also the problemin
selecting the apropriate UF. Gaylor (1983) suggests an alterna-
tive to the use of Urs (Table II1-1) in which the size of the
safety factor is chosen so that a specified low |evel of disease
risk will not be exceeded. Although Gaylor uses quantal data,
continuous data may also be used. Once the BDis estimated for a
predetermned extra response (say, 10% above controls), then (a)
select (via a policy decision) the level of extra response which
is of interest for the study ("acceptable") (e.g., 1in 1,000
animals, or R=0.001), (b) determne the upper confidence |imt
(e.g., 95% on the percentage of extra response associated with
the BD (call this value D), (c) calculate UF = UR (d) calculate
RfD = BO/ UF. This method of determning UFs can also be used
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Wth the NCEL-UF approach. — Awpendix [11-1 illustrates this

method using actual data for ChE-l pesticides.

3) Mathenat i cal Mbdeling of Dose-Response Curve

It seens paradoxical that mathematical nodels have been
devel oped to describe carcinogenesis, which is solittle under-
stood, and not ChE-1, for which detailed know edge of the
mechani smof toxic action is known and which is an effect caused
by the majority of insecticides inuseinthe US (see Introduc-

tion). For exanple, Awad (1984) has described the molecul ar

mechanismand rate equations for ChE-l by malathion. Although it
|'s beyond the scope of this paper, it would certainly be worth-
while to take advantage of the available literature and explore
the use of kinetic nodels, as well as tolerance distribution
model s al ready devel oped (such as the probit) for dose-response
assessment of ChE-1  pesticides.

W1 kinson (1983) has in fact developed a kinetic nodel for
al dicarh, using available human data. Data on whole blood ChE-|
over time (t) for each dose were fitted to an exponential

equat i on:
- kMt -k t
Y = A (e e )
where kj® is the rate of ChE-|
kj. is the rate of ChE recovery

and Ais the Yintercept (of the recovery portion of the curve).

\hen using the available human data, this nodel (1) bypasses
the need for interspecies extrapolation, (2) the dose aproximates
the exposure condition of interest (i.e., exposure via aldicarb-
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contamnated water) and (3) dosing conditions represent the
worst-case situation (i.e., single bolus). The principal disad-
vantages of the data used were the small sanple size (only 12
subj ects), whole blood ChE was measured rather than ChE in RBC
and plasma, and the study was never published. However, our
principal interest isinthe merits of this method of dose-
response assessment, not the data used in Wlkinson's example.
|t addresses several of the criticisms of the NCEL-UF approach:

1) It does not require the definition of a "NOEL" or
threshold level. It assumes that any exposure to aldi-
carb i s capable of producing some ChE-1, even if not
measurable. ChE-1 is thus used as a neasure of expo-

sure, not effect.

2) Mathematical nodeling does not generally enploy UFs,
thus bypassing this controversy.

3) The limtations of the study design are not as pro-
nounced as with the NCEL- UF approach, although stil
my be present, WIlkinson averages the values of kj*,
k. and A obtained for each of the doses used to obtain
the general formof the equation, whichis then used to
predict the effects at other doses. The general form
of the equation tends to predict sonewhat higher values
of ChE-l (except immediately after dosing) than do the
dose-specific equations. Using a |arger number of
doses woul d reduce the overestimtion predicted by the
general formof the equation, thus rewarding studies
wth a larger nunber of doses. Uncertainty resulting
fromsmal| sanple size, on the other hand, does not
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appear  to be considered. Cther  mathematical  nodel ing
approaches (e.g., probit) do consider sanple size.

4) Mathematical nodeling does utilize information fromthe

dose-response relationship.

5) Wlkinson's nodeling approach can be used for studies

in which NCELs can not be established, as long as data
on ChE-1 over tiiiLa are provided. This approach coul d
obviously not be used for many studies, but is a cost-
effective way of using single dose human studies which
otherwi se mght not be utilized to determne a RID
The level of ChE-1 fromrepeated exposures over |ong
periods of time can be estimated if the followng
assunptions are made: (a) subsequent exposures occur
before the effects of previous exposures are elim-
nated, (b) the magnitude of all exposures is simlar,
(c) the intervals between exposures are equal, and (d)
the kinetic paraneters remain constant throughout
exposur e.

Anot her advantage to the mathematical modeling approach is
that the effects of these and other assunptions can be expl ored.
Assunptions that have a large effect on estimates of doses or
responses can be explored in nmore detail.

In conclusion, the mathematical modeling approach is an
alternative to the NCEL- UF approach which nerits more attention
through validating existing nodels (such as the kinetic nodel for
aldicarb by Wikinson et al.) and through research into other
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model s, particularly for data which is applicable to the human
experience and coul d otherwi se not be used to determne a RfD.
4) Li near Extrapol ation

While linear extrapolation may often be thought of as a type
of mathematical nodel, it can also be interpreted as a variation
on the NCEL- UF approach. Rather than connecting a straight line
fromthe origin to the point on the upper confidence limt at the
| owest experimental dosage (step 3 of procedure |isted previous-
ly) to obtain the upper limts of the response at a | ow dose, an
equi val ent procedure is to divide the upper confidence limt (U
on the response produced by the NCEL by a (policy predeterm ned)
extra response of interest R (say, R=1%ChE inhibition) to
obtain an UF = UR (Gyl or, 1983).

The RFD is then obtained as usual by dividing the NCEL by

this UF. This approach can also be applied to an ED (e.g. EDyg
representing 10% ChE-1). This is illustrated in Appendix I11]-]|

using data for parathion.

The main advantages to linear extrapolation are that:

1) an upper limt on the level of risk in the experimental
popul ation can be obtained, since as the dose is de-
creased, the risk response decreases proportionately
nore rapidly (zero is the lower bound on the risk),

2) the influence of sanmple size is controlled through the
use of confidence [imts (so that smaller experinments
are not rewarded by higher allowable doses),

3) the problemof selecting or devel oping an appropriate
mat hemati cal nodel is circunvented,
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Applying this approach to an ED (dose for which the BDis an
upper limt) also incorporates many of the advantages attributed
to the BD-UF approach (e.g., a threshold dose need not be

denonstrat ed) .

Sunmary

In conclusion, there are situations in which each of the
four approaches to dose-response assessnent of ChE-1 appears to
be advant ageous. \Wen information on kinetics and resources to
devel op, refine and validate the nethod are available, a mathe-
matical nodeling approach is desirable. Wen ChE-1 data is
expressed as nmean Chk activity  standard error, the BD-UF or
| inear extrapol ation approach are desirable.

Final Iy, the NOEL-UF approach can be.used in the remaining
situations, if the recommendations outlined for developing a
clear, sound science policy are followed. Policy that allows
sone flexibhility in the choice of dose-response assessnent
method  will result in a nore productive use of available data.
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C. Selection of Uncertainty Factor

1. Animal  to Human  Eytrapol ation

In an attenpt to quantitatively estimite the uncertainty in
extrapol ating experinental results fromanimals to humans, human
NCELS for ChE-1 were conpared to other animal NCELs for nine
pesticides (Appendix I11-3). Unfortunately, differences in
study design and inadequate reporting of human data in severa
cases made valid conparisons difficult. Mich of the human data
were col lected on prisoners or "volunteers" (usually male) and
thus did not reflect the human population at large. |ndividual
body weights of human subjects were not always reported. The
experiments on humans were typically of shorter duration than the
ani mal experinents to which they were conpared, making such
conparisons questionable. In two instances human and ani mal
studies of ChE-1 were of conparable duration:

Mal at hi on:

Rat  (RBC) ChE-l NCEL (33 day) 5.0 mylkg o
Himan  (RBC)  ChE-1 NCEL(47 day) 0.23 g/ kg

Di r aet hoat e:

Rat | (ReC, plasma, and brain) OE| NCEL(S4 oay) 0.7 miky ..
Himan  ("whole blood" and RBG)  ChE-1 NCEL(39 day) 0.2 mylkg

This inplies that healthy adult men are 22 tinmes nore sensi-
tive to ChE-1 by malathion than rats, and adults (presumbly
heal thy men and wonen) are 3.5 times nore sensitive to ChE-1 by

dimethoate than male rats. However, this should be interpreted
cautiously since (for malathion):
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0 Only 5 men (prisoners) were tested with malathion

0 Body weights of men were not recorded (assumed 70 kg

0 Dosing procedure was not clear (e.g./ not indicated
whether dosed on full or enpty stomach), although both
rats and humans were dosed orally

0 Dosing schedule was unusual (i.e., admnistered 8ng to
each man every day for 32 days, gave no treatnent for 3
weeks, then admnistered 16 ng/d for 47 days)

0 Age of rats and men not reported in available reviews

(assuned adult age)

and for dinethoate:

0 Only nine humans (gender not reported) were tested at
this dose | evel

0 Route of admnistration differed (intraperitoneal in-
jections for rat and oral aqueous solution for humans),

0 Age of rats and humans not reported (assumed adult age)

Hwever, the human study of dinethoate was rated as "supplemen-
tary upgraded to mninunt by EPA's Office of Pesticide Prograns
and "H gh Confidence" by EPA's ADl work group. The human study
of malathion is the basis for the ADIl set by the Wrld Health
Organi zation  (WHQ, 1982).

Table I11-2 conpares NCELs for studies of comparable |ength
among different species. Studies where the NCEL was |ower than
the [owest dose tested or higher than the highest dose tested
resulted in mninumor maxinum ChE-1 ratios (e.g., (Rat NCEL)/
(Dog NCEL) 119 inplying that thedog s nomorethan 1.9 tines
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nore sensitive to ChE-1 by chlorthiophos than the rat). Inter-
species differences ranged fromno difference (ratio = 1) to
greater than 25 fold difference (x=5*). Conparisons nade on a
per unit surface area basis rather than a weight basis did not
consistently reduce the variability observed.

Conparisons of sensitivity to ChE-|l pesticides among non-
human species is useful in estimting the uncertainty in aninal-
to-human extrapol ation because (a) if different species of test
animals differ fromeach other in sensitivity, it is likely that
humans will differ fromtest animals and (b) directly conparing
the sensitivity of humans to test animals is difficult due to
scanty reliable human data and ethical prohibitions against
collecting additional hunman data.

Due to the small nunmber of conparisons which were made and
differences between studies (e.g., in how when, and for how many
animal s ChE I evels were neasured), no firmconclusions can be
drawn fromthe data in Table 111-2. However,

a) Dogs are often (but not always) nore sensitive than

rats to ChE-1.

b) ChE-1 neasured at a particular site (i.e. plasna,

erythrocytes, or brain) did not vary nore (across

species) than at other sites.

Mean calculated after |nvert|ng ratios Iess than one, and
ssunlnﬁ qqnuns and Lmuns re reseqJ he actual rafio
notgﬂﬁna% trﬁlggnber of mnimumratios balances the numoer
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c) ChE-1 neasured after chronic exposure did not vary nore
across species than ChE-1 measured after subchronic
exposure to the pesticides anal yzed.

d) Humans were nore sensitive to ChE-l1 than rats in the
two instances where conparisons coul d be made.

Edson (1964) conducted several studies conparing ChE-1 NCELS
inthe rat, pig, and human. This reduced the variability expected
when studies conducted in different |aboratories are conpared.
These results are shown in Table [11-3. One problemin esti-
mating NCELs fromthese studies is that only a qualitative
description of some of the results is provided. For exanple,
when Edson reports that "Red cell ChE was slightly reduced at
0.025 ppm" it is not apparent whether this dose is the NCEL or
LCEL. The difficulties are conpounded by inconsistencies in the
article summrizing the data. For exanple, he reports 0.05 ppm
as the NCEL for rats exposed to parathion, yet concludes that the
NOEL is 0.02 ny/kg/d. According to the diet conversions used by
the ADI work group (from Layman's tables), the percent of body
wei ght consumed as food, F, is 0.05 for rats, and F tinmes X ppm
of pesticide in feedis 0.05 x 0.05 = 0.0025 my/kg.

The ratio of ChE-l measured in red blood cells ranged from1l
to 48 and from1 to 480 (and possibly as high as 960, depending
on the interpretation of Edson's data) in plasm. These results
should al so be interpreted cautiously (due to small sanple sizes,
variabl e dosing schedul es, poor reporting of data, etc); however
much of the uncertainty in the data which would result from

different study designs, methods, individual techniques, and
scientific judgnent were probably mnim zed.

T - 24


NEATPAGEINFO:id=6087DCE1-2A73-48BE-A41C-3544F9811538


Undoubtably the msjor factor contributing to the inter-
species variation in sensitivity to ChE-l pesticides is differ-
ences in metabolism although differences in absorption, plasm
protein binding, and other factors alsoplay arole.  Table [11-4
provides some exanples of these differences  (from Hol[ingworth
(1971) and Calabrese (1983) reviews of the [iterature on conpara-
tive metabolismand sensitivity to OPs and carbamates.) Wlls
(1972) provides estimtes of the "normal" activities of red blood
cell and plasma cholinesterases in 15 species. Humans have the
highest activity of plasma ChE of the 15 species conpared, about
15 times the activity of rabbits (the largest difference) and
twice that of dogs. Estimates of plasma cholinesterase in rats
varied greatly (22 fold for males, even when measured by the same
met hod), probably due to strain differences. Humans, rabbits
and pigs had higher ChE activity in RBCs than in plasm, although
the opposite was true in the dog. Exactly how differences in Chk
activities may translate to differences in susceptibility to ChE
| pesticides is unclear, although it is interesting to note that
the species with high ChkE activities (human, monkey, dog)
general |y appear to be nore susceptible (Tables [11-2 and [11-3)
than those with lower ChE activities (rat, mouse). According to
WIls, the ChE in the blood of various species seens to fall in
the followng order of decreasing concentration: human, horse
and nonkey, cattle, turkey, dog, rat, duck, cat, goose, nouse,
and rabbit. Only in 3 of the 24 conparisons shown in Table I11-2
was the correlation between higher ChE activity and greater
sensitivy to ChE-l pesticides not as predicted. These three were

Ir - 25

(/\


NEATPAGEINFO:id=EEF6FAC1-9150-4CDA-B9CE-104DE7FC8972


conparisons between the rat and dog. Some of the estinates given
by WIls for the plasm ChE activities of the rat were |ower and
some higher than those for the dog.

In addition to differences in ChE activities across species,
other differences in metabolismalso contribute to interspecies
variability in response to CnE-1 pesticides. Serum paraoxonase

activities are higher inrabbits than in rats, for exanple (La Du
and  Eckerson,  1984).

2. Variation in Human Sensitivity

Section 1B outlined the major factors accounting for (or
potentially contributing to) differences in sensitivity amng
people to ChE-| pesticides. Factors which generally seemto be
(or are likely to be) associated with increased sensitivity
I nclude young age (including pre-natal), genetically determ ned
ChE and arylesterase (e.g., paraoxonase) wth lowactivity, preg-
nancy, food or water deprivation, malnutrition, stress due to
tenperature or viral infection, and exposure to certain other
substances (e.g., other Chk-1's, alcohol, nicotine, chlorproms-
zine). Certain disease conditions may also contribute to
enhanced sensitivity to ChE-l pesticides (e.g., anema, |iver
di sease, carcinoma, epilepsy, renal ischaema, schizophrenia,
eczens). Since ethical prohibitions prevent the deliberate expo-
sures of potentially high risk individuals to pesticides under
controlled experimental conditions, it is difficult to quantita-
tively determne with certainty the variation in human sensitivi-
ty to ChE-1 pesticides. The contribution of some of the above
mentioned factors to increased sensitivity in animls sometines
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exceeds the custonary ten-fold factor for intraspecies variation.
For exanple (see Section II1B) chlorpyrifos (used to control
parasites in cattle, and widely used for indoor pest control) is
thirty tines nore toxic to calves than adult cattle, and
mal at hion (al so wdely used in the hone or by honeowners) is

twenty-eight tines nore acutely toxic to newborn rats than

adul ts.

3. Recommendat i ons

The evi dence adduced in Sections IIB and HI D i ndi cates that

an uncertainty factor as snmall as ten is clearly inadequate to
account for the inter- and intraspecies variability in response
to ChE-1 pesticides. Ten is the UF usually applied to NOEL's
based on Che-I, even when derived froman ani mal study (Federal
Regi ster, 1981).

In keeping with the recommendati ons of NAS, WHO, FDA, and
EPA (for, non-carci nogeni c conpounds ot her than ChE-1 pesticides),
it is recomrended that an uncertainty factor of one hundred be
used when enpl oyi ng the NCEL- UF or BD UF dose-response assessnent
nmet hods. I n cases where avail abl e data denpbnstrates that the
inter- and intra-speciea variation is significantly different
fromone hundred, a nodifying factor (MF) m ght be used to

account for this difference. Docunmentation to justify the sel ec-
tion of a MF other than one should be included in the risk

assessnent.
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a) May be a precursor of AChE.

b) May be involved in nyelin structure (BuChE has been
found in Schwann cells of nerves and between fol ds of
melin in some central axons).

c) May control choline levels in plasm (used to
synt hesi ze ACh).

d) My act as a backup for AChE o destroy circulating
ACh.

e) My be involved in structure and/or synthesis of beta-
lipoproteins (is found conplexed with beta-li po-

protein).

f) My removes toxic esters formed by fatty acid

net abol i sm

g) May be involved in assimlation of food (serum BuChE

activity decreases after fasting, parallels |evel of
food intake in undernourished children, and is elevated

in obese and diabetic patients, and persons with hyper-
lipoproteinema (abnormal  lipid netabolisn).

Thus, although BuChE and AChE share many simlarities
(nechanisn1of action, nolecular shape, etc.) it is not known how,

|f at all, they are related physiologically [Edwards and
Brimjoin, 1982].

Hazard Identification |ssues Re:ChE-|

Although there are still many questions to be answered, It
shoul d be remenbered that AChE has been characterized as "one of

the best studied of all enzymes" [Brimjoin, 1983]. Despite
incertainties regarding the roles of ACE in erythrocytes and
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nurber of muscarinic receptors in target tissues that are capanle V
of binding the ACh which accumulates when AChE is being

inhibited,: and in some other cases (e.g. propoxur) due to en-
hanced enzynat|c det oxi cati on.

Inspite of this, ChE [evels my remain inhibited or
decrease even nore in long-termexposures. Figures [H1-1 - I11-4
show the inhibition of ChE's in plasma and erythrocytes by
parathion in dogs over two, four, and twelve months. In this
experinent the percentage decrease (fromcontrol values) IS the
greatest at 12 nonths at every dose (except for RBC ChE of female
dogs). In other words ChE was inhibited nore after one year than
after two or four nonths. Table I1-3 compares ChE-1 NCELS for
the same species, pesticide, route of admnistration, and site of
ChE (i.e., plasma or red blood cell (RBC) but differing study
| engths, for sever pesti cides (see Appendix I11-3). In the

mej ority of cases the NOELS are lower in Tonger (chronic) studies
than in shorter (subchronic) studies. Possible differences in

study designs (e.g., method used to determne ChE-I, conparisons
t0 Unexposed animel's Vs pre-exposed animal's, st ra|n) and the
smal | number of comparisons nade (16) prevents any definitive
conclusion, but the- results suggest that ChE-1 NCELS vary by
duration of exposures such that chronic Chk-l NCELS are | ower
than subchroni ¢ NCELS. According to Bartholomew et al. (1985), a

decrease (or absence) of acute toxic effects occurs despite
continued inhibition of brain ChE activity and elevation of ACh

concentrati ons.
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WIls (1972) maintains that "In general, prolonged or re-
peated exposures to inhibitors of cholinesterases have enmphasized
the unreliability of estimations of the activities of plasm, or
serum and red blood cells for judging the severity of intoxica-
tion by these inhibitors." Levels of ChE-l fluctuate ever the
course of chronic and subchronic exposure. For exanple, WIls
cites an exanple in which pigs fed 1.7 ng/kg/day of parathion had
increaged levels of plasma ChE at first, and then decreased
| evel s until maxinmuminhibition (43% occurred on about the 50th
day. RBC AChE |evels remained unaffected for 8 days of dosing,
and then fell gradual ly until maximuminhibition (86% occurred,
al so on day 50. Studies in which ChE activity is infrequently
measured may not be able to determne maxinuminhibition. In
addition, there is sone indication that the rate of ChE-l1 may
affect toxicity (WIIs, 1972). Jensen (1965) found that the
| ethal dose of paraoxon in guinea pigs increases at an increased
rate of i nfusion

Al though tol erance appears to develop to the acute toxicity
associated with ChE-1, what are the chronic toxic effects asso-
ciated with ChE-1? (Recall that both acute and chronic effects
my result fromeither acute or chronic exposures). Investiga-
tions to date have yielded conflicting claims regarding the
existence of chronic neurobehavioral effects (Duffy et al., 1979;
Ecobi chon and Joy, 1982; Karczmar, 1984; Levin, 1976; MIler,
1982; National Research Council, 1985, Savage et al., 1982).

These and other chronic effects (carcinogenic, nephrotic) |inked
to some ChE-1 pesticides or their metabolites will not be con-

si der ed here.
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Tntraspecies Variation of ChE

Not only is ChE activity affected by exposure to ChE|
pesticides, but it also varies among species (see section HD),
and is affected by age, sex, diet, genetic status, race, pregnan-

cy, obesity, season, |iver disease, nyocardial infarction, and

other health and environnental fac tors. Plasma ChE Ievels
quctuate nmore than RBC AChE | evel s.

0 CGenetic Factors

A smal | sub-group of the population (estinated by WIliams
(1985) to be 4.5% possess genetically determned atypical plasm
ChE Atypical ChE vas first discovered when the nuscle rel axant
succi nyl choline, used in anaesthesia, was found to produce an
unusual [y Tong period of paralysis and apnea (tenporary suspen-
sion of breathing) in some patients. These individuals were
found to have atypical or |ow serum ChE, which is responsible for
the hydrolysis of succinylcholine, thus ending the drug's
effects. Genetic studies since then have shown that nost people

wth atypical BuChk are homozygous for a recessive gene
(de5| gnated E'* E*™). The gene al [ele Ej* directs the synthesis
of a ChE which i's unable to hydrolyze succinylcholine at pharm-
cologi cal doses and which is also less sensitive to certain ChE:
|'s (e.0., dibucaine). The latter property i's used to classify
serum ChEs, by use of the dibucaine number (DN), a measure of the

degree of inhibition (expressed as a percentage) of serum cho-
|inesterase obtained wth dibucaine under standardized conditions

éKaI o, 1957). V\he eas m)s J)eogjle (w'th normal genotype E"
") e a O betveen 76 and 8L, those who are heteozygotes

(B" E") have a DN bet ween b5 and 69, have about Seventy-el ght
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i nstance where other tissues (including brain) were investigated
inaperson wth atypical serumenzynme, the tissue enzyne was
simlarly atypical. It is not apparent whether these people
woul d be nore susceptible to ChE-1 pesticides, since their serum
ChE is unable to hydrolyze accunulating cholines; |£££
susceptible, since their serumChE is |ess sensitive to certain
ChE-1's (e.g. dibucaine, fluoride); or equally susceptible.
Cal abrese (1978) maintains that individuals with such pseudo-
chol inesterase variants shoul d be considered potentially at high
risk to ChE-1 pesticides. Calabrese also notes that the dibu-
caine variant has been found to be extrenely sensitive to R02-
0683, and cautions that this is of "particular significance in
light of the widespread use of carbamate insecticides." However,
the CP'S TEPP and DEP isof | uorophosphate do not inhibit differen-
tially anmong pseudocholinesterase variants and woul d not cause a
higher risk to those individuals with atypical variants

Another indication that genetic factors may affect suscepti-
bility to ChE-l pesticides is provided through selective breeding
experinents in animals by Overstreet et al. (1979). Male rats
determned to be nost resistant and nost sensitive to DFP on the
basi s of drinking behavior, body weight, and core body tem
perature were bred with the nost resistant and sensitive (respec-
tively) femle rats in an attenpt to establish resistant and
sensitive lineages. Athough the former attenpt failed,
Qverstreet et al. were successful in establishing a sensitive
line of rats. However, the genetic differences in sensitivity
were not found to be related to differences inbrainor erythro-
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cyte AChE or serum BuChE activity. The authors specul ate that
the genetic differences coul d be due to changes in sensitivity of
AChE isoenzyme, changes in ACh synthesis or turnover, or changes

In sensitivity of postsynaptic receptors for ACh. Subsequent
studies (Overstreet et al., 1984) have shown that the latter two

factors do indeed contribute to the enhanced sensitivity
observed. Regardless, the data suggests that ChE-1 may not
al ways be an adequate measure of toxicity in genetically-
suscepti bl e individual s.

Besi des genetic differences in ChEs, there is another
esterase that is affected by organophosphates and carbamates,
known as arylesterase, for which genetic variants exist.
Aryl esterases have not been as well studied as other esterases.
Paraoxonase, an enzyne hydrol yzing paraoxon, the active
metabolite of parathion, is an arylesterase which has been found
to be polymorphically distributed in several populations (LaDu
and Eckerson, 1984). Two alleles determne paraoxonase activity:
A alowactivity allele, and B, a high activity allele. Hetero-
zygotes (AB) also exhibit high activity. About one-half of the
U.S. Caucasian population is homozygous for the low activity
allele (AA), which is speculated to place these individuals at
higher risk of parathion poisoning than those with higher |evels
(Ortigoza-Ferado et al., 1984). Non-caucasian popul ations of
African, Oriental, or Anerican Indian subjects, for exanple, do
not show the same distribution, but it is not known whether this
|'s due to the presence of additional alleles or quite different
gene frequencies (LaDu and Eckerson, 1984). Otigoza-Ferado et
al. state "It may be postulated that such differential suscepti-
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bility would be particularly significant at |ow or intermediate
| evel s of exposure to parathion since with marked exposure even
high levels of paraoxonase woul d not be sufficient for protection
agai nst toxicity." -

|t appears, then, that both ChE and arylesterases (e.g.,
paraoxonase) affect the toxicity of ChE-l pesticides. A nodel
describing the interaction of paraoxon with serum ChE and para-
oxonase was devel oped by LaDu and Eckerson (1984). The |evel of
paraoxonase was found to influence the degree of serumChE-l in
vitro. The authors recomend that the in vitro nodel system be
applied to estimte what is [ikely to occur in vivo, and that
epi dem ol ogi cal studies be undertaken to determne whether indi-
vidual response to ChE-1 pesticides shows the expected relation-
ship to the type and |evel of paraoxonase.

o Sex Differences

Sex related differences in susceptibility to ChE-1 pesti-
cides are most [ikely to occur for those conpounds which require
metabol i ¢ activation to produce ChE-l (e.g., parathion). (Doull
1980). Agarwal et al. (1982) found that the percentage of ChE-|
by parathion was 2.6, 1.2, and 2.7 tinmes greater in female than
male rats measured in plasm, erythrocytes, and brain, respec-
tively, followng a single oral dose. Paraoxon treatment, how
ever, resulted in conparable inhibition of plasma, erythrocyte

and brain ChE in both sexes. Castration increased the suscepti-
bility of male rats to a simlar level as females. Pre-treatnent

Wi th testosterone enabled these castrated males to recover from
this increased sensitivity, whereas estradiol enhanced their
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sensitivity slightly. Gonadectony had little effect on ChE
levels in the femles. Pre-treatment with testosterone decreased
the sensitivity of ovariectomzed females. The authors concluded
that testosterone plays an inportant role in determning

parathion toxicity.
While it is well established that the female rat is nore

susceptible to the acute toxic effects of parathion (e.g., LD5Q
and ChE-1) than male rats, this sex difference is not as obvious
for chronic or subchronic Chk-1. For exanple, in a 2 year feed-
ing study inrats prepared by Daly (1984) for Monsanto (in Gali,
1985), no consistent pattern is observed.

Sex differences exist in absorption, distribution, and
excretion of ChE-l pesticides also. For exanple, Khaak et al.
(1984) found that less parathion was lost by evaporation fromthe
skin of male than femle rats, males having a larger percentage
of the dose in their carcasses. Simlar amounts in both sexes
were excreted in the urine and feces. Although the anount
absorbed fromthe skin was about the same over a 120 hour period
inmale and female rats, males absorbed parathion fromthe skin
mich nore rapidly. Females absorbed nore in heart and |iver
tissue than nal es.

The plasma and red blood cells of human nal es have higher
ChE activities than human females (Wlls, 1972). Serum ChE i’
significantly decreased in women using oral contraceptive pills
(Robertson,  1967).  How this affects —susceptibility in humns s

not clear, although inthe rat, the female is more susceptible
and hQ%ehigher ChE activities than the male.
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Kacew and Reasor (1984) report that "it is clear that neo-
nates are more susceptible than adults to AChE inhibitors."
Although the hepatic cytochrome P450 systemwhich catalyzes some
OPs to their active netabolites (e.g., parathion to paraoxon) is
poor|y devel oped in neonates, neonates are still more sensitive,
apparent|y due to differences in detoxification, excretion, or
redistribution. For exanple, the level of the enzynme that
degrades mal aoxon (carboxylic ester hydrolase) is less than the
level of the activating enzyme for the first thirty days of life
of the rat. By thirty days of age malaoxon inactivation is equa
toits rate of production (Kacew and Reasor, 1984).

Besi des such differences in detoxification ability, the
specific activity of brain AChE increases froma mnimmin the
one day ol d rat, either due to an increase in the amunt of AChE
or its catalytic activity (Kacew and Reasor, 1984).

In the human, adult levels of AChE are not reached until
three to five months of age. Even though blood fromneonates has
a higher proportion of young cells (which have higher activity
than more mature cells) than adults, AChE activity in newborn
circulating erythrocytes is less (Herz and Kaplan, 1973). Thusr
for a given concentration of ChE-1 pesticide, nore AChE is
expected to be inhibited in newborns conpared to adults (Kacew
and Reasor, 1984). This has been found to be the case with beef
cattle given ChE-l pesticides to control parasites, according to
Kacew and Reasor. Chlorpyrifos is thirty-fold more toxic to
calves than adult cattle. Brodeur and Dubois (1963) conpared the

LD q's of sixteen ChE-l pesticides given intraperitoneal |y for
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twenty-three day ol d weanling and adult rats. The acute toxicity
was fromone to five times greater for weanlings than adults,
except for OWPA, for which adults were five fold more sensitive.
On average, weanlings were twice as sensitive as adults. Mendoza
and Shields (1977) compared the LDbo's of rat pups treated with
mal athion (99.3% by gastric intubation and found that one-day
old pups were three times more sensitive than six day ol d pups
and nine times more sensitive than eighteen day old piips.
Simlarly, the 150 (concentration of malathion required to
inhibit ChE by fifty percent at specified conditions) of one day
ol d pups measured for brain AChE was one-third, one-fourth, and
one-eighth the amount in six day, twelve day, and eighteen day
old pups, respectively. Lu, Jessup and LaVallee (1965) conpared
oral LDyQs for malathion (99.6% in rats of different ages and
observed that newborns were twenty-eight times nore sensitve than
adul ts and seven times nore sensitive than pre-weaning rats.
They al so observed that dividing the dose over four days reduced
the toxicity in adults but increased the toxicity in pre-weaning

Parathion, malathion and al dicarb all pass through the
placenta and are toxic to the fetus. Mlathion and parathion
have been shown to have teratogenic effects [Cal abrese (1978),
Fish (1966), Hoffman and Eastin (1981), Wttenbach and Thompson
(1985), etc.]. Canbon et al. (1979a) found that AChE in the
brain and blood (but not [iver) of rat fetuses was consistently
nore inhibited than that of the dans treated by gastric intuba-

tion wth aldicarb on the eighteenth day of gestation. Carho-
furan consistently inhibited brain AChE more in the damthan in
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the fetus, while for pirimecarb, no consistent pattern was
ohserved. Cambon et al. (1976h) hypothesize that the reason for
the observed differences in sensitivity are due to differences in
fixation of carbamate derivatives on the fetal versus maternal
i soenzynes.

The sensitivity of the elderly to ChE-l pesticides is |ess
clear than for the very young and unborn. Rider et al. (1957)
found that plasma ChE showed a small but definite increase wth
age in both sexes. Qther investigators [Galloway et al (1951),
Gage (1969)] did not find age to be a factor influencing the
magni tude of variability of ChE in adults. Ando et al. (1984)
found that serum ChE activity increased according to age in
females, while it decreased slightly according to age in males.
The ChE activity was higher in males than in females under fifty
years of age, whereas the reverse was found in persons over
fifty-five years of age. They also detected seasonal variation
(higher activity inwnter than sumer) in females but not males.
There does not appear to be any conclusive evidence indicating
that adults of any specific age may be more sensitive to ChE-|

pesti ci des.
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o Nutrition

Nutritional deficiencies have been found in some cases to
increase the susceptibility of test animals to ChE-|l pesticides.
Parat hion, malathion and banol all produced greater ChE-1 in rats
on low protein diets than on high protein diets (Casterlne et
al. (1969a, b, 1971 a, b) , Vaishwanar and Mallik (1984)). Para-
thion-induced serum ChE-1 was nore dependent on dietary protein
| evel' s for subchronical | y-exposed rats (28 days) than for acutely
exposed animals (single dose) (Casterline and Wllians, 1971).
Behavi oral changes were noted more often in rats on low protein
diets exposed to parathion or banol than in unexposed rats on | ow
protein diets or exposed rats on high protein diets (Casterline,
Brodi e and Sobotka, 1971). These behavioral changes consisted of
a higher proportion of "No escape" rats (i.e., rats failing to
press a lever to either avoid or escape a negative stimulus
[electric shock] after training in a standard operant condition-
ing chanber). None of the diet-pesticide groups tested were
associated with significant changes in avoi dance only behavior
(I ever pressing during conditioned stinuli [light and sound]
preceding the unconditioned stimulus [shock fromelectric
grids]). Inthis experinment, although behavioral changes were
noted, the activites of ChE (and nonoam ne oxidase (MAQ)) in the
cerebel lumand cerebrumwere not significantly affected by the
| ow casein diet and/or the presence of a ChE-1 pesticide. Since
brain ChE can not be assayed until the end of the experinent (at
9 weeks in the parathion experiment and 10 weeks in the banol
experiment), it is possible that inhibition my have occurred
earlier in the experinent, preceding adaptation to chronic
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exposure. In fact, brain ChE-1 was noted in a simlar 28 day
experinment by the sane investigator (Casterline and WIIiarns,
1971). It is noteworthy that behavioral effects can be observed
fol | ow ng subchronic exposure to a ChE-l pesticide even when
brain AChE | evel s are not inhibited. Subchronic exposure to
parathion was found to decrease serumand |iver triacetinesterase
(AlTE) activities in protein-deprived animals as well as ChE
activities, thus reducing the detoxification ability in those
ani ml s and making themhighly susceptible to poisoning, even at
| ow doses (Casterline and WIlians, 1971).

In addition to protein (casein), varying dietary |evels of
cal cium (Ca) and magnesium (M) also affected ChE-1 by parat hion
and band (Casterline and WIlians, 1969a). Both high and | ow
| evel s of these cations decreased serumand brain ChE-l by para-
thion and banol. Liver ChE-1 was al so decreased by parathion and
banol, except by | ow magnesi um which increased ChE-1 by para-
thion. Serumand brain AliE by parathion and banol was un-
affected or decreased by altered cation levels, while [iver AliE-
| by parathion and banol was significantly increased by high My
or high Cainthe diet. These results are difficult to inter-
pret, since they inply that lowor high dietary concentrations of
My or Ca mght decrease susceptibility to parathion and banol
since ChE-1 by these conpounds is reduced. However, the changes
in ChE and Ali E that occurred after pesticide admnistration did
not influence the lethal action of the pesticides, except with
the casein-free diet, where the nortality was increased.
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Aninmals on food restricted diets, or deprived of water, were
al so shown to be nore susceptible to subchronic (via diet) and
acute exposures (via intraperitoneal injection) of parathion and
paraoxon (Baetjer, 1983 and Villeneuve et al., 1978). Food
restriction had a significantly greater effect than water depri-
vation on bl ood ChE-1 by parathion, but not paraoxon.

In the subchronic study, food restriction increased plasm
CheE-1 elicited by parathion, but brain ChE was not inhibited by
the doses of parathion used, either alone or with food restric-
tion. Increased inhibition of plasma ChE in animals subjected to

food restriction was not observed at the NCEL for the study.

(o} Pr egnancy

During routine blood ChE nonitoring at a pesticide industry,
It was observed that a marked fall in plasma ChE occurred in
pregnant wonen in their first trimester who had not been exposed
to ChE-1 pesticides (Howard et al., 1978). A nore extensive
survey by Evans and Woe (1980) on 941 pregnant wonen distributed
evenly throughout the 40 weeks of gestation reveal ed that a rapid
fall occurred in the first trinester to a |level which did not
alter significantly during the remai nder of pregnancy. Even
| ower val ues were observed in the 105 patients exam ned during
the week follow ng delivery. Three of the wonen surveyed
possessed abnormal genotypes (i.e., EMA A[AY AJA ALATATA
El E-j™) and were excluded fromthe study. Nevertheless, sone

wonen were determned to be at risk to succinylchol ine on the
basis of ChE activity between 1.68 and 2 units/m. The nunbers

of pregnant women at risk for each tine period investigated
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closely paralleled the changes in mean enzyme activity over tine,
with the highest risk of apnea and prolonged effects of succinyl-
choline occurring imediately after delivery.

How do | ow level s of plasma ChE occurring during pregnancy
affect susceptibility to ChE-I pesticides? Recall that it was
uncl ear whether individuals possessing non-nornal genotypes and
| ow | evel s of plasma ChE woul d be nore susceptible to ChE-|
pesticides due to the decreased ability of plasm ChE to hydro-
| yze cholines, or less susceptible since their plasma ChE was
found to be less sensitive to fluoride, dibucaine, and some other
ChE-1 conpounds. Weitman et al. (1983) found pregnant mce to be
more susceptible to single doses of parathion and paraoxon than
virgin female controls. In pregnant mce, signs of cholinergic
stinmulation (trenor, weakness, lacrimation, salivation) were nore
intense, brain and plasma ChE activites were |ower, blood and
brain concentrations of parathion and paraoxon were higher, and
serum paraoxonase activities were |ower, conpared to controls.
\Met her pregnancy-induced alterations of hepatic function, ChE
activity, serumprotein binding, serumesterases or a combination
of these are responsible for the enhanced susceptibility is

uncl ear,
0 M scel | aneous Heal th and Environmental Factors

The susceptibility to ChE-1 pesticides can be affected by
exposures to physical factors (e.g., cold), biological agents

(e.g., viruses), and other toxic substances (e.g., pesticides,
drugs) .

Not only can the toxicity of ChE-1 pesticides be altered in
individuals wth hypo- or hypertherma, but ChE-l pesticides may
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have hypothermc effects. Doull (1980) reports that hypertherma
Increases the toxicity of parathion, while Chattopadhyay (1982)

found that half the LD6Q dose of parathion was |ethal under cold

t enper at ur e.

The percent whole blood ChE-1 by DDVP was significantly |ess
in col d-exposed rats than in rats at roomtenperature, but by
parathion was significantly more at one-half the LD'g dose and
unaltered at one-quarter of the LD50 dose. Chattopadhyay (1962)
al so noted hypothermc efects of OPs in rats under cold exposure.
Body tenperature decreased as the dose of QP increased, and the
higher the ChkE-l the |ower was the body tenperature of the
ani mal s under cold tenperature.

Whol e- body radiation produces a dose-dependent decrease in
BuCh activity of the iliain rats and mce, but there is no
significant change in the acute toxicity of ChE-1 pesticides in

animal's given |ethal exposures of whole-body ionizing radiation
(Doul I, 1980).

Doses of parathion ordinarily considered sublethal were
lethal to mce infected with the virus MW (nurine cytomegal 0-
virus), apparently due to a decrease in the ability of infected
mce to detoxify parathion (Belgrade et al., 1984). MW is well
established as a model for human cytonegal ovirus, a ubiquitous
herpes virus which infects a large portion of the population and
remins wth the host ina latent state for alifetine.

The effects of human cytonegal ovirus are usually subclinical
or indistinct, but infections can be manifested congenital Iy,
perinatal [y, inindividuals who are i munosuppressed, and in sone
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other instances. Serum ChE was inhibited nmore by infected mce
compared to uninfected mce.

Synergistic interactions among ChE-1 pesticides are known to
occur. Most of the studies of synergismanong these conpounds
have tested for acute toxicity. According to Doull (1980),
combi nations of several OP pesticides fed at "recomended tol er-
ance |evels" failed to produce significant synergistic toxicity
In chronic f eedi ng studi es. -~

Mal athion is potentiated by many OPs since it is detoxified
by carboxylesterases that are inhibited by other COPs. Potentia-
tion of malathion is known to vary across species. For exanple,
TOTP (triorthotolyl phosphate) given at a dose which alone did
not significantly affect brain AChE potentiated the anti-
chol i nesterase action of malathion by 29-fold in mce, 17-fold in
quail, 100-fold in frog, 11-fold in sunfish and 12-fold in bull-
heads (Cohen and Mirphy, 1970). Isomalathion and other inmpuri-
ties in technical malathion potentiate nalathion and are believed
responsibl e for an epidemc poisoning in Pakistan in 1976 during
a malaria eradication program (A dridge et al., 1979). Potentia-
tion of nalathion by these inpurities is significantly less in
the mouse conpared with the rat (Umetsu et al., 1977).

Potentiation can also occur between drugs and ChE-1 pesti-
cides. For exanple, chlorpromazine, a tranquilizer, has been
shown to potentiate dichlorvos toxicity inrats, producing about
twice as mich ChE-l as dichlorvos alone. Drugs that deplete
glutathione (e.g., acetamnophen) may potentiate the toxicity of

some OPs which are detoxified by glutathione transferases
(Marquis, 1986) .
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In contrast, organochlorine (QC) insecticides protect
against the acute Lo city of several OP insecticides. Thisis
probanly because OC's stinulate detoxification of OPs by liver
M crosomes and increase noncatal ytic binding sites for CPs
(Doull, 1980). Lead was observed not to potentiate parathion
toxicity (Phillips et al., 1973). However, both |ead and cadm um
decreased AChE in rat brain followng chronic exposure in the
ani ml s* drinking water (Mirquis, 1986). Mrquis (1986)
summarized her review of heavy metal interaction with pesticides:
"Olearly, the ONS I's rendered more susceptible to the hazards of
ChE inhibition in animls chronically intoxicated by heavy

ChE levels are known to vary with certain disease conditions
(Silver, 1974). A decrease in serum ChE |evels has heen asso-
ciated with some forns of anema, |iver disease, carcinomg,
epilepsy, eczem, rheumatic fever, typhus, tetanus, kwashiorkor,
and tuberculosis, while an increase in serumChE |evels has been
associated with diabetes, asthma, obesity, Kkidney disease, hyper-
thyroi dismand hyperlipoproteinema (abnormal 1ipid netabolisn.
Patients wth mental abnormalities, including psychopathic
patients, had raised |evels of serum ChE more often than control
subj ects. A decrease inthe ChE's of both serumand erythrocytes
has been noted in cases of renal Ischaema. Spastic children
have higher activities towards ACh in serumthan either mongoloid
or moronic children, who have activities within norml limts.
ChE l'evel's in erythrocytes are bel ow normal in schi zophrenics.
According to a study reported by Silver, the stress associated
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W th sitting university examnations can cause an increase in Chk
| evel s in whole blood fromhealthy students. Al cohol and nico-
tine have been shown to depress brain AChE levels. It is not
clear whether or to what extent individuals with these diverse

condi tions may have altered susceptibility to ChE-1 pesticides.
Individuals with lowChE activities may be at high risk.

Met hodol ogy

Several reviews of the nethods for determning ChE activity
are available [Silver (1974), Wlls (1972), Augustinsson (1971)].
These methods vary in their accuracy, conplexity, efficiency, and
units measured. The conditions to which the enzyme is subjected
differ according to the nethod used, and thus the results ob-
tained by different nethods are not directly conparable (Silver,
1974). Tenperature, pH substrate, buffer, and contam nants
(e.g. salts, detergents) can affect the neasurenment of ChE acti-
vity. Activities may be reported as the change in pHin a weak
buffer solution due to the release of acetic acid fromACh (e.qg.
M chel nethod); the amount of CO2 evolved from bicarbonate by
acetic acid released fromACh (e.g. Warburg manometric nethod);
the vol ume of sodi um hydroxide needed to hold the pH of the
reaction mxture constant (e.g. Hall and Lucas continuous titra-
tion or pH Stat nethod); or the anmount of substrate (e.g., ACh,.
BzCh (benzoyl choline), BuCh) hydrolyzed. Reporting ChE activity
interns of mcromoles of substrate hydrolyzed per m per mnute
makes conparisons nore valuabl e (Cornish, 1971). Analysis of ChE
followng inhibition by carbamates requires special methods.
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since the complexes formed with Chks by all but a few of the
carbanates are readily dissociable by difution (Wlls, 1972).

As previously mentioned, it is inportant that ChE activity
be assayed frequently to detect peak inhibition during chronic
studies of ChE-1 hy pesticides. Different pesticides reach peak
ChE-1 at different times in different species. Also, a lack of
ChE-1 should not be considered as a true absence of effect when
ChE is measured at only one site (e.g., plasma). For example
Cornish (1971) cites a study with guthion in which brain ChE
activity was inhibited by 60%while serum ChE was unaffected.
Measuring only serum CnE woul d have resulted in a serious under-
estimation of the risk posed by guthion. Brain and blood contain
both AChE and BuChE, so it is recomended that activities bhe
determned separately. Reporting activities in terms of percent
of mean control activity, while permtting conparisons between
| evel's, does not provide informtion on the pre-exposure condi-
tion of the animl nor the variability involved. Even in studies
using laboratory animls, where one would expect little varian
tion, considerable variation may be present (e.g., see figures
I11 1-4). CGage (1967) has pointed out the [imtations of com
paring individual ChEactivities to a population average since
the coefficients of variation in control studies range from10 to
25 percent. A much better control is a series of pre-exposure
level s on the individual or aninal to be studied. Reporting the
variability encountered in a study provides more flexibility in

the choice of dose-response assessment methods (see Section ||
of this report).
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1983)

100 WHO Expert

Comm for
Pesti ci de
Resi dues
(Dour son and
Stara, 1983)

1000 NAS (1977)

EPA (1986)

1000 FDA

2

(Dourson and
Stara, 1983)

, 000 FDA
(Dour son

and Star a,
1983)

aboratory aninmal vs. nan, an .
erences in food requirenments varyin

ealccount for differences in bod& si ze of
ff

th age, sex, muscular expenditure,” an

v

t

0
h
!

o~

L

| ronmental conditions, differences in

er bal ance of exchange bet ween. t he bodx
and 1ts environnent, differences in hornonal
functions and hom/they nmodi fy food intake,
and differences in susceptibility among
sBeC|es. Est abl i shes an "unconditiona

ADI.  ("Conditional" AD's egglog UFs > 100
due to uncertal nt!es N anl ata or In
regard to the purity of the test substance).

To account for differences in susceptibility
bet ween ani nmal s and humans, variations in
human sensitivities, smll sanple size
difficulties in estimting human intake, and
the possibility of synergistic action anong

n

5

Cases where there are no long-termor acute

hunan data, where aninal data are scanty,
and where there I's no I ndication of

carci nogenicity.

Cases_when extrapolating fromless than
chronic results on experinmental animals when
there are no useful |ong-termhunman dat a.
This factor (100x10) is”intended to account
for the uncertainties cited with use of the
| OOx factor, as wel| as the uncertainty in

extrapol.atin fron]Iess than chronic ELs
to chronic ELs (I Ox) .

OR

Cases when using. a LOAEL instead of a NOAEL
fromvalid chrohic ani mal studi es where data

on long-tern1hun&n exposures are not
avai |l abl e or are inadequate.

Cases when extrapaol ating from subchronic
ani mal NOELs or ELs, "where data Is

avail able fromtwo species.

As above, except where data are available
for only one speci es.

N I
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10, 000 EPA (1986) Apply when extrapolating fromless than
chronic results in experinental aninmals when

there are no useful |ong-term hunan dat a,
and where using a LOAEL instead of a NOAEL.

addi ti onal

1-1 Ox  EPA (1986) Use professional judgnent to determine this
addi tional UF, depending on other aspects of
the study not explicitly treated above;

e.g., nunber of species tested and the sl ope
of the dose-response curve. The default

value for this UF, called the nodifying
factor (MF), is one.
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Table 111-2:

Pestici de

Par at hi on

Mal at hi on

Chlorthiophos -

Met asyst ox

Et hi on

Chl orpyrifos

Jatjo of NCELs Inplying Interspecies Variability of

Oorr%gregd Pl asrr%lubﬁBrOmBrCalsnt Udy Pl as{n'?m %Bét UdE¥al n

----- 20.4  20.4 --- 22.5N --  225.07
Dog
- —— W —
- - - 21.7°

Rat

21 4 11.9 0.4° 3.2°

(Studies deficient)

Rat

Mouse

Car bof ur an - ---- 3 3 3

Mouse

Dog

M AR P ol T oy B e P

11j- 4
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Pesti ci de Speci es Subchroni ¢ St udy Chr oni c St udy

Conpar ed Plasma RBC Brain Plasma RBC Brain
Rat
Di net hoat e 3.2
Dog
Rat
3.59
Hunrman
Dog
Al di carb 22'
sul f oxi de Rat

subchroni c - studies are 90 day feeding studies unless
opnic studies are 2 year feeding studies unless otherw se
a 'on of study is. one_year, rat study is 2 ye

gt on of ﬂ %an stﬁd | S 47ydags rat stuéy 'S 3% 8ays

[

r

r

ses._in npnkey study adm ni st y gavage:
ration of both studl es are 6 nont hs.

S
t
u
n

S 255

e inrat study admnistered by intraperito a ection.
does not a ear that f%e doses mer est 1S Hj In rat

B, AL GOE 55 g 1 00 sty ot

H T- 5
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Table I11-

Pesti ci de

Schr adan

Di nef ox

3 ti
ChE-1, from Edson
Species Study RBC Pl asma
Conpared Length
(days)
pi g 102 5a, b
(1,25)C
r at 37
pi g 102 8
(10)’
rat up to 273
pi g 102 1.4
human 44
human 44 a.t
———————————————— (1.1)
rat up to 273
pi g 133 2.4
(4)b
r at up to 287 (1.6,.1)"

0 of NCEL'S Inple/w&)l nga(etragpeci es Variability

I T-6

Consi der ati ons

Rat s dosed by

i ntraperitonea
injection. Only 2
femal e pi gs/dgse
gr oup.

Only 2 fenml e

pi gs/ dose group.

Maxi mum ChE-1 at 3rd
week in rat.

Human ChE activity
reported on "whol e

bl ood" basis, but

l evels in RBC were
noted to be nore
sensitive than pl asng;
t hus conparison is for
RBC. Dose consi dered

as human NOEL by Edson
caused 25% ChE-1.

Human doses reported
in my; individual body
wei ghts not given, but
average body wei ght
inferred as 70 kg.

See above.

Only 2 femal e pigs/
dose group. Al rats
f emal e. E-1 reached

a maxi mum after 4
weeks for both
speci es. Vari abl e
dosi ng schedul e for

pi g.
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Pesti ci de Speci es

(D nef ox)

Par at hi on ----

St udy RBC
Conpared Length
(days)
pi g 133
human 70
rat up to 287 1.5
human 70
pig up to 122 48
r at 84
pi g up to 122 24
human up to 70

Pl asma

960~

480

T-7

Consi der ati ons

Sanme as pig/rat,

di nef ox and pi g/ human,
schr adan consi der ati ons

(above), except human
doses reported on ng/ kg

basi s.

See above.

Dose consi dered as rat
NOEL by Edson caused 54%
ChE-I. (RBCratio is
480 if consider this
dose the LCEL.) Maxi hum
ChE-1 at 4th week in
rats and 6th week in

pigs. Variable dosing
schedul e in pig.

Vari abl e dosi ng
schedul es in human and
pig. Human doses
reported in rag;

i ndi vi dual body wei ghts
not given but average
body weight inferred to
be 68 kg. Doses
multiplied by 5/7 since
gi ven 5 days/week. As
above, neasured in whole
bl ood, but this tine
levels in plasma were
noted to be nore
sensitive (LOEL caused
16% RBC ChE-|1 and 37%
pl asnma ChE-1). Only 2
femal e pkgs/dose roup
Maxi num E-1 at 7th
week in humans and 6th

week in pigs.
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Pestici de Spr%me Stud){1 RBC Plasm Consi der ations

are Lengt
(days)
Par at hi on 1UM@N _up to 70 (Zng - - Sane as above.
r at 84

*  Determned in feeding/oral studies unless otherw se noted

A Ratjo obtal ned b con5| der| ng d(oseés) descri bed as cau5| ng

COAS|%ered an ef q% Y Sllg

Rat o %bt al&ed by CO&(]IEdL?rSI)ng (dose defcn bed &s ciasushg

con5| ered an effect)

h Rat{ 0 obt ai ned by conS| erl n dose&)se) described as causi Rg
oShlght Spec as a NCE one species and a LOEL Int

Il T-8
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Table I11-4;

Pesti ci de

mal at hi on

par at hi on

car baryl

mal aoxon

mal aoxon

mal aoxon

mal aoxon

par aoxon

par aoxon

par aoxon

Speci es
Conpar ed
human

rat (mal e)
rat (mal e)
human

rat (nal e)
human

rat (mal e)

human( nal e)

dog( mal e)
human( mal e)
human(f enal e)
human( mal e)
cat (mal e)
human( mal e)
rat (mal e)
human( mal e)
dog( mal e)
human( mal e)
human( nal e)

human(f emal e)

nhi biting Pesticides*

Fact or
Measur ed

rate of netabolism
(% degraded in liver
honogenat e/ h/ 20ng)

per cent age hydrol yzed
(based on AChE-1) after

i ncubati on of pesticide
wth sera

From Cal abrese(1983) and Hol lingworth (1971)

Il T-9

Exanpl es of Species Differences in Netcibolism
of ChE-|

I nt er speci es
Vari ati on

14.0

99. 8
98
63. 1
14. 8

61 +9

32 7
22 4
94 4
22 4
22 4

13 +7
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Pesti ci de

par aoxon

par aoxon

par aoxon

Speci es
Conpar ed

rat (nmal e)

human

human
dog
pi g

human

Fact or
Measur ed

250

required to effect a 50%

(concentration

reductigp) for plasm

ChE

(10

M

T-10

I nt er speci es
Vari ati on
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EXPLANATI ON OF FI GURES

Figures I'11-1 through I11-4 are plots of the data given in

Appendix I11-2, Table 2, of mean activities (& standard devia-
tion) of plasma, erythrocyte (RBC) and brain cholinesterase in

dogs fed parathion for one year. Activities are shown after two,
four —and twelve months for males and famales.

Figure 111-1: RBC and Brain ChE in Mle Dogs
Figure IIl-2: RBC and Brain ChE in Female Dogs
Figure 111-3: Plasma ChE in Male Dogs

Figure I11-4: Plasma ChE in Female Dogs

Figures 111-5 through I11-10 are sem-log plots of the same
data described above (not brain ChE).

Figure [11-50  RBGand Plasma ChE in Males (measured at 12

Figure [11-6: RBC and Plasma ChE in Females (nmeasured at 12

nont hs)

Figure [11-T7: ”Fg)%qhgpd Plasma ChE in Males (neasured at 4
Figure [11-8: BBCmntan) Plasma OnE in Females (measured at
Figure [11-9: ng@gthasrBd Plasma ChE in Mles (neasured at 2
Figure I11-10 BBCmqr;g) Plasma ChE in Females (measured at

Figure  IH-11 is a sem-log plot of the data given in
Aopendix  I11-2, Taole 1 of mean activities (as percent of
control) of plasma and RBC cholinesterase in rats fed parathion

for twoyears.  Activities are shown at termnation (26 nonths
for mles and 28 months for females).

Il F1
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30001 Figure 111-31  Mean Activity (1Unl) of Plasma Gholinesterase

in 'lale Dogs Fed Parathion for One VYear
(Measured at 2.4 and 12 -nonths)

3ars indicate -

gnonth  2)

(rmonth 4)
1000

(nonth  12;

Dose  (rag/kg/d)
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Figure Ill-i+i Mean Activity (IUnm) of Plasma Cholinesterase
in Fenale Dogs Fed Parathion for One  Year (Measured at
2, k, and 12 nonths)

3ars indicate +/- s.d.

2500
200
(2 nonths)
| SOC cf
[~ mont hs)
10004
(12 nont hs)
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Appendix 111-1:  Approaches to Dose Response Assessnent of

1.

NCEL- DF Appr oach
A. Current EPA ADI

Current ADI of 0.005 ng/kg/day was set at the 1965
Joint Meeting of the FAO Conmttee on Pesticides in Agri-
cul ture and the WHO Expert Committee on Pesticide Residue.
"I't appears ... that this level has been established on the
basis of a "NCEL" of 1.0 ppmor 0.05 ng/kg/day, for ChE-l
generated froma long-termfeeding study in the rat, using a
| OX safety factor. BS. data evaluation j:£Cord.a M £ SIUsJ.!-
SiillQu. and no reference has been made to this study in the
Toxi col ogy Branch files. Thus the y*idii™ of the study
could not hf. determned." [enphasis added] (Ghali, 1985)

B. ADI Using Mbst Sensitive Species
Can not be determned since NCEL was |ess than 0.4 ppm
(l'ess than 0.01 ng/kg/day). Data is fromchronic feeding

study in dogs (Pharmacopatics Res. Inc., Report No. 7828,
8/ 20/ 81) .

C. ADI Using Mst Sensitive Species for which a NCEL was

(bser ved

Using a 2 year feeding study in rats (Biodynamcs, Inc.
Report No. BD78-0005, 1/23/84), [data given in Appendix Il1-

NCEL = O Sppm = 0. 25ng/ kg/ day
based on ChE-| significantly different from con-
trol value (p < 0.05) at next highest dose (5ppm.

ITTA1
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This occurred in plAMim ChE of females at 12
nmonths (but not other times neasured) and in RBC
(at 6 and 12 nonths) and plasma (at 18 nmonths) in
nmal es (neasured ChE at 6, 12, 18 nonths and at
term nation)

Uncertainty Factor Choices and Resultant ADIs:

1. | x (based on EPA OPP) = 0.0025 ng/kg/d
2. | OOx (based on NAS, EPA FDA, FAQ WHO, WHO) =
0.0025 ng/ kg/d

BD- DF Appr oach

A ADl Using Mbst Sensitive Species*
The nodel y =/6,+/3, (In dose) for dose > 0 was fitted
the data in Appendix II1-2 to obtain the BD, defined here
as the dose causing a 10%inhibition of ChE. This nodel was
chosen for its sinplicity and because the data fit a
straight line when [og dose was plotted against either
plasma or RBC ChE activity (IUm) for each time period

measured (Figures II1-5to I11-10. Such log dose plots
are comon in toxicology (Doull, 1980). Ot her data of ChB-|
by parathion supported this nodel (Figure [11-11). The main

di sadvantage to this model is that it can not directly
acconpdat e the response at a zero dose (since In(0) is
undefined) , and it nust be assumed that the dose-response

glbrnﬁfsthkfoﬁalﬁ Ig geh onlz Hgtgnlsyetdata s\é\,{“ h v3nt|andﬂ1d

[T1TA-2
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relationship remins |inear to the BD. However, the control
response value is indirectly incorporated in the estimtion
of the confidence limts around the response at the BD.
Using the data on male beagle dogs fed parathion
(plasma ChE neasured after 12 months of feeding), the esti-

mated dose causing a 10% inhibition of plasma ChE (EDMq) is
4,1 X10" -*, The 95% upper and | ower confidence [imts are

3.7x10" and 1. X O, Accor rding to Grunp the BDis the

statistical [ower confidence [imt to EDgQ or 1.1x10" . To
determine a RfD, an UF nust be applied.

Li near Extrapol ation
A, ADl Using Mst Sensitive Species*

Using the sane data on plasma GhE-| neasured at the
12th month for beagle dogs fed parathion, the EDgQ was
calculated (from2A) as 4.2x10 -'. The upper confidence
limt on the amount of plasma ChE-1 associated with this
dose is U=43.5. If it is desired to control the response to
5% ChE-1 (R = 0.05) conpared to controls, then an UF = UR
= 43.5/0.05 = 870 is required. The RFD woul d then be
4, 2x10"-/870 = 4.8x10"", based on plasma ChE-| measured at

twel ve months in male beagle dogs. Determning an EDQ or

EDyQ and using R=".10 or .20 would result in an RED closer
to that obtained by the NCEL- UF met hod.

Bc;[l IIrlo v ulatit%“’;{eplo\'\rge%/ ydaam(‘tm t?

[TTA3
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->?

Char acteristics
site,
measur ed)

Fol lowing are EDgg's and RfD's for plasma and RBC ChE-|

measured at two, four,

femal e beagle dogs

. EDgq
time

pl asma, 12 4., 2x10"»
pl asma, 2 2.9x10"2
pl asma, 2 3.5x10"3
pl asma 12 8. 6x10""
plasma, 4 1.5x|0~2
pl asma, 2 1.7x10"""
RBC, 12 3.0x10"3
RBC, 4 2.5x10"?
RBC, 2 2.0x10"3
RBC, 12 3. 2x10"~
RBC, 4 1.2x10"2
RBC, 2 1.9x10"3

I11A-4

(based on R= .05  as above):
Confi dence D= er
Limts (95% COg?Pdence
for EDgo Limt on
Response
at ED90
(1.1x10"% 3, 7x10-2 43.5
(7.0x10°R g 1%10"? 68. 4
(4. 2x10 ’ 7.5X|0"2 50. 8
(4.7x10"J’ 5.2X|0"2 48. 3
(9.3x10"A" 7,.9x[0"2 62. 5
(10, 9.4X10"-" -
(1.1x10_°*  2.4x]10"2 66. 7
(2.6x10al§ 1.9x10" ") 56. 9
(2.8x10 r 4.0x10-1) s1.7
(3.1x10" /7 5x| 0" 2) 50. 5
(1. 4x10’ A 4.8X|0~2] 66. 9
(1.3x10° A 2.7x10"1)  49.0

DF=D/ R

870
1368
1016

966
1252

1334
1138
1034
1010
1338

980

and twel ve nonths for mal es and

2Rf D' =

EDgg/ DF

. 8x10" "
.1x1 0"5
. 4x10" A
. 9x10"~
.2x10"5

. 2x10" A
.2x10"5
. 9x10"
.2X1 6"6

¢ B

WENN FRPoowN D


NEATPAGEINFO:id=8DE65DB2-A7FF-4078-B235-4B65D5D2E135


Appendix  I11-2i Data on ChE-1 by Parathion
TABLE - Mean Choiinesterase Activity In Rats Fed Parathlon (Percent of Control)

Do el Gehobhs, 12 Nanths 1§ Monkps Terginatign” .

Mal es
0.5 100 100 90 95 78 100 94 109 103
5.0 71 87** 80 86* 41* 94 63 102 92
50.0 14** 91** 10** 88 7** 100 6* * 95 22*%*
Femal es
0.5 103 101 91 97 100 98 J19 96 96
5.0 82 97 63* 90 64 91 81 87 98
50.0 11** 91 6* * 86* 8** 88 13** 88 18**

*Significantly different fromcontrol value at p < 0.05.
"*Significantly different fromcontrol value at p < 0.0L

MTermnal sacrifice was at 26 months for males and 28 months for feml es.

%@Wﬁ Pﬁgag?gn %ﬁigg% and 02E nc ﬁR'MeeﬂP&%ﬂX

ITTA5
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Appendix |I1-2«<  Data on GhE-1 by Parathion

TABLE 2. \ean é\ch ! |V| 'gé & rglfonPl asma.Ef y%harrocyte and Brain Choiinestarase in Dogs

Gg)%sle ﬁlaény c%i nstgjast {1 Uy Lt g fOC ghulnesterase (1Ugl) a¢ yonih o iBﬁ?aI%_?gase

Mal es
0 279|0+385* 2071+162 1665+158 2634+354 2346+404 2699+145 899+432
(150) (100) (100) (100) (100) (100) (100)
0.01 2238+286* 2250+324 1218+328* 2228+208* 2274+315 2111+189* 459+89
(80) (109) (73) (84) (97) (78) (50
0.03 2050+458* 1891+377 968+173* 2188+416* 2122+213 1904+150* 662+438
(73) (91) (68) (83) (90) -(70.5) (74)
0.1 1667+331* 1399+208* 601+193* 2031+275* 1718+204* 1558+198* 586+70
(60) (67) (46) (77) (73) (58) (65)
Femal es
o] 2567+184 2064+231 17354219 2552+255 2643+287 2654+238 545+124
(100) (100) (100) (100) (100) (100 (100)
0.01 1924+4211* 1965+255 1470+380 2136+276* 2407+199 2272+407* 7284216
(75) (95) (85) (83) (90 (86) (134)
0.03 2041+376* 1663+386* 1184+208* 1947+369* 2019+259* 1848+134* 347+134*
(79) (80 (68) (76) (76) (70) (64)
0.1 *
18576;173 1353+231* 763+212* 1882+219* 1585+269* 1665+286* 545+97
(72) (64) (34) (74) (60) (63) (100)

Woan oral e and deviation; the values in paratheses are cholinesterase activities expressed as percent of

Significantly different fromcontrol value at p<0.05 (Dunnetts' test).

R o g oy
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Appendi x I11-3: Data,, on.. Cholinesterase Inhibition by

Data fromEPA's "Caswel | files" in the Office of Pesticide
Programs (OPP) were reviewed for the follow ng pesticides: para-
thion, malathion, aldicarb, chlorthiophos, chlorpyrifos,
dimethoate, ethion, metasystox, and carbofuran. These pesticides
were selected since all have been tested in humans. The quality
of the available data for metasystox was too poor to use for
further analysis. The fol low ng information was abstracted for
each study: study type and length (e.g., one year feeding),
species, ChE NCEL in plasma, RBC, and brain (if neasured),
admnistration of dose (e.g., solution dissolved in 25 n corn
oil), method of ChE measurement (e.g., Mchel's potentionetric),
purityl/grade of pesticide, time of measurement of ChE, nunber
(age) of subjects, doses tested, and other pertinent information
(e.g., study conducted by IBT, reevaluation pending). Informa-
tion on method of ChE neasurement was frequently not reported.

The reviews described above are too |engthy to be included

here, but the original worksheets and typed summaries prepared by
EPA's Risk Assessment Forum  are available fromthe author.
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I'V. EXposure Assessnent

EPA's general approach and framework for conducting exposure
assessnents is outlined inits "Proposed Quidelines for Exposure
Assessnent" (Federal Register, 1984). Exposure assessnments
general |y cover five principal topics: (1) sources, (2) exposure
pat hways and environnental fate, (3) nonitored or estimated con-
centration levels, (4) exposed popul ations, and (5) integrated
exposure anal ysis (combines (3) and (4) to give exposure pro-
files). Since an exposure assessnent is part of the overall risk
assessment, it should be coordinated with the findings of the
previous two steps of the risk assessment. For ChE-| pesticides,
this means that both acute and chronic exposure scenarios and
oral, dermal, and inhalation routes of exposure should be con-
sidered. (Although this review has focused on oral toxicity, the
most common route of exposure for the general public, most ChE-|
pesticides are readily absorbed through the skin and |ung and can
pose a hazard through these routes of exposure as well.)

ChE-| pesticides have a wide variety of uses, so that
exposures may occur in a variety of ways (Bl umand Manzo, 1985),
Some ChE-1 insecticides are systemc (i.e. absorbed and distri-
buted throughout plants) and can be ingested either in their
original formor as a breakdown product when the plant is in-
gested. Malathion, parathion, and diazinon are exanples of
systemc insecticides. Qther ChE-1 pesticides (e.g. fen-
chl orphos) are used to control parasites of donmestic animals, and
may be given orally or dermally. Nematocides (e.g. prophos,
zinophos) are introduced into the soil through the water system
Qther ChE-I pesticides are used as fungicides (e.g. edinphos,
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phosbut yl ), herbicides (e.g., bensulide), rodenticides (e.g.
gophoci de), insect repel lants (e.g. o-n-butyl-o-cyclohexenyl - N
N-di et hyl phosphoram date) , and insecticide synergists (e.g.
propyl - 2- propynyl phenyl phosphonate)  (Blumand Mnzo,  1985).

Both agricultural and non-agricultural uses of ChE-1 pesti-
cides are significant. Of the thirty mllion pounds of insecti-
cides used on corn in 1982, 95%(28.4 mllion) were either OPs or
carbamates. Almost half of the insecticides used in 1982 on
thirteen mjor field and forage crops in thirty-three states were
used on corn. Another 1.5 mllion pounds of parathion was used
on wheat (Marquis, 1986). Four of the top ten pesticides used by
homeowners were ChE-1 pesticides, according to EPA (GAQ 1986).
These include diazinon, chlorpyrifos, carbaryl and malathion.
These four are also anong the top twenty-five pesticides used by
professional applicators for nonagricultural purposes, according

0 the 1984 National Urban Pesticide Applicators Survey (NUPAS)
Parathion was ranked as thirty-third. (G, 1986).

A recent GAO report (1986) points out why non-agricultura
uses of pesticides are of particular concern:
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of these sources available to the homeowner di scuss
chronic health effects or gaps in the database.
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In addition, many persons identified as potentially highly
susceptible to ChE-1 pesticides my spend much of their time at
hone, or other public places where nonagricultural pesticides
mght be used. For exanple, infants, children, pregnant wonmen
and their unborn children, and ill persons may spend much of
their time at hone.

As with nonagricultural uses, agricultural uses of ChE-|
pesticides can result in occupational exposures and exposures to
the general public (primarily through food and water). Cccupa-
tional exposures may be estimated by direct or indirect
approaches. Direct nethods sanple pesticides as the workers
encounter them by estimting the amount that could contact the
skin or be inhaled. Indirect nethods measure the pesticide or
its netabolites in human fluids or via some other indicator of
physiol ogi cal effect (Hayes, Wse and Veir, 1980).

The measurement of ChE-1 in blood has been frequent|y used
an an indirect nethod of estimating exposure of workers to ChE-|
pesticides. However, as Wlls (1972) points out, the finding of
a normal ChE activity in a worker suspected of receiving exposure

to ChE-1 pesticides does not necessarily mean that no exposure
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has occurred, because some ChE-1 pesticides have [ittle effect on
bl ood ChE (even in doses near the lethal dose), and because
regeneration of blood ChE's (particularly BuCh) may be rapid
enough so that ChE activity in the blood is wthin normal limts
despite significant inhibition within some neuroeffector systens.

Al'so, some workers may have |ow ChE activities due to genetic or
nutritional factors. The Subcommttee on Pesticides of the

Per manent Conmi ssion and International Association on Cccu-
pational Health recomended in 1976 that other biological methods
(e.g. electronyograns, or EM) be investigated to assess expo-
sure in addition to ChE-l (Zavon, 1976).

A nunber of researchers [e.g. Gage (1967), Cornish (1971),
Zavon (1976), Vandekar (1980)] have suggested |evels of ChE-|
whi ch coul d be considered indicative of unsatisfactory occupa-
tional exposures. These range fromtwenty to fifty percent ChE
|. I'nan attenpt to answer the question, "Wat |evel of ChE-l
shoul d be considered to be of regulatory significance?", many EPA
reviewers have arqued that these level's shoul d be considered as
estimates of a biological threshold, and used to define the cut-
off for a NCEL. It should be renembered, however, that these
figures were originally devel oped to apply to healthy adult
(usual Iy male) workers, and probably do not apply to others in
the general population. Gage (1967) clearly shows the intended
purpose of these levels: "The method [i.e., of using a threshold
[imt of ChE-l to "indicate the existence of unsatisfactory
working conditions'| would fall into disrepute if men were too
frequently taken off work or if there were an interruption of
production or of application processes when no clinical  synptons
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wer e apparent, nor any evidence of a breakdown in safety pre-
cautions.” While 20-50% ChE-1 nmay be an acceptable | evel of ChE-
| for healthy adult workers who voluntarily work in areas where
exposures are known to occur, it should not be msinterpreted as
a popul ation threshold (defined as the | owest of the threshol ds
of the individuals within a popul ati on (EPA, 1986)).

In addition to indirect and direct approaches to nonitoring
exposure, nodels may al so be used to estinate exposures. For
exanpl e, G@Guy, Hadgraft and Mai bach (1985) devel oped a kinetic
model of chenical absorption via hunan skin which they applied to
t he study of percutaneous absorption of nal at hion.

Potenti al exposures to the general public through the diet
can be estimated usi ng EPA' s Tol erance Assessnent System (TAS).
The TAS can be used to estinate the distribution of exposure to a
pestici de anong i ndividuals who eat a particular food comodity.
A pesticide tolerance is the maxi num perni ssi ble concentrati on of
a pesticide allowed in or on raw agricultural comobdities and
processed foods. The TAS can (and shoul d) be used to ensure that
infants, children and others do not face high dietary risks from
ChE-1 pesticides. Vegetarians and others eating |arge quantities
of fruits and vegetabl es have been known to exhibit chronic mld
anti-ChE poisoning (Ratner et al., 1983).

The size, distribution, and other characteristics of the
subpopul ati ons of high sensitivity should be studied. In con-
trast to sone highly sensitive subgroups (e.g., children), those
possessi ng non-typi cal serum ChE activities are not readily

i denti fi abl e. D fferent races appear to have different
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frequencies of the non-typical ChE's. According to Silver
(1974), Caucasian popul ations investigated from Canada, U S., and
various European countries, as well as Australian aborigines,
general |y conprise about three to four percent heterozygotes
possessing hoth the normal and atypical variant (i.e., EMEM).

The atypical variant is absent or very rare in the popul ation of
Tristan de Cunha, certain of the Eskino and Red Indian tribes,

| cel anders, American and African blacks, Japanese, and ot her
Oriental populations. Qther nontypical variants are more rare
(I ess than one percent). According to Udsin (1970) an |srael
popul ation studied had a high frequency of the EM phenotype.
The frequency of heterozygotes in Israel varies froma0. 7% anong
North African Jews to 3.1%anong European Ashkenazi Jews to 9.7%
anong Jews fromlrag and Iran. Udsin also reported that a popu-
| ation of southern Eskimos studied had a high incidence of

atypical (EM) homozygotes, heterozygotes, and "silent" gene

i ndi vi dual s.
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V. Ri sk Characterization
A Uncertainty

Inthis, the final stage of the risk assessment, information
about the hazard of the substance and the potential for human
exposure fromthe last three stages is combined to estimte the
extent of public health risk. The dose-response data and assess-
ment approach chosen is discussed, as is the data describing the
popul ation groups for which exposure estimtes are most meaning-
ful. Perhaps most inportant, the uncertainties in characterizing
the risk are presented and their inplications discussed.

Presenting the uncertainties and the corresponding

assunptions and judgnents made to deal with those uncertainties
is crucial since:

1) this makes it easier to go back and revise the risk
estimate if this is necessitated by new data or
research clarifying the uncertainty

2) it influences decisions made by the risk manager.

Classifying uncertainties helps to structure the presenta-

tion and thus increases the risk manager's efficiency in using
this information to make decisions. One such classification
schene is that adapted fromMGarity's (1979) discussion of the
types of science policy issues involved in regulating carcinogens
by EPA (and OSHA). H's discussion is applicable to science
policy issues associated with the regulation of other hazardous
substances, including ChE-inhibiting pesticides. These science
policy issues originate fromuncertainties that are associated
wth the risk assessment procedure. MGarity's categorization
contains four types of science policy issues, which really lie on
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a continuum between issues of pure scientific fact and pure

policy, and which are paralleled by four types of uncertainty
(using the same descriptors as MGrity):

1) "Trans-scientific" uncertainty —uncertainty which
theoretically could be resolved, but for practical or
moral reasons, can not be. For exanple, one could
demonstrate with a high degree of accuracy the shape of
the dose-response curve for persons exposed to ChE-
Inhibiting pesticides by using hundreds of volunteers
at scores of dosage |evels, but this would not be
practical or ethical.

2) Uncertainty due to insufficient data —uncertainty
whi ch coul d be resolved if nore time and resources were
spent. For exanple, more data is needed to understand
how i ndividuals wth genetically non-typical ChE
respond to ChE-inhibiting pesticides.

3) Uncertainty resulting fromvarying scientific interpre-
tation -- For exanple, some EPA scientists (and
scientists in the research comunity) interpret the

NCEL fromthe same study of ChE-inhibiting pesticides
differently. Some feel that 20%inhibition of RBC or

plasma ChE conpared to control val ues shoul d be consid-

ered a response, whereas others feel a greater inhibi-
tionin plasm is necessary. Some feel that a statis-
tical measure of significance should be used, rather
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than an absol ute percent inhibition. Qhers feel that
the inhibition should only be conpared to pre-exposure
val ues of ChE in the sane aninmal rather than to val ues
in the control group.

4)  Uncertainty resulting from disagreement over inferences
—Thi's category enconpasses many of the uncertainties
inusing animls as model s for dose-response assessnent
In humans, and of using a non-random sanpl e of humans
as predictors for the popul ation at |arge.

Questions relating to the amount society shoul d pay for
protection fromrisks associated wth these conpounds, or the
extent to which regulatory approaches should protect sensitive
subpopul ations, involve political, legal, ethical and econom ¢
uncertainties associated with risk managenent, which |ie outside
the scope of this paper.

MGarity's classification of uncertainty is useful since it
sinplifies both the analysis of uncertainty and the science
policy decisions for describing, expressing and/or resolving
uncertainty. MGarity advocates a results-oriented approach to
dealing wth these issues in light of the fact that they are not
scientifically resolvable at the time the decision mst be nade.
This is not to say that factual accuracy or scientific reasoning
|'s disregarded; to the contrary, additional data and nore
sophi sticated anal yses can resolve or at |east clarify or narrow

the range of uncertainty. Indeed, a results-oriented approach
shoul d be the outcome of a consistent and rational risk assess-
ment policy.
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Such a classification scheme also helps the risk manager to
deci de what approaches to take for resolving the uncertainty in
the future. For exanple, additional research to generate nore
data woul d be nuch more useful for type 2 uncertainties than for
type 3. A better approach for handling type 3 uncertainties
woul d be activities directed towards consensus building. For

type 1 uncertainties there is a declining rate of return on
investments to narrowthe range of uncertainty.

Appendi x V-1 provides exanples of these different types of
uncertainties encountered throughout the risk assessment of ChE-|
pesti ci des.

Wth regard to ChE-| per ££, nost of the uncertainties
result fromdifferences in interpretation and disagreenment over

inferences (type 3 and 4 uncertainties). This i's not surprising,
since ChE-1 has been known to be associated with OPs and carba-

mates for a long time, and extensive research has been done in
this area. In contrast, a much [arger proportion of the un-

certainty inregard to neurobehavioral effects is of type 2,
resulting from inadequate data.

B. Summary and Reconmendati ons

In concluding, let us re-examne the conponents that were
originally proposed for analysis in this review

degree_ of gpﬁgn)?is significant (i.e., to be

0
s an

regarged

The uncertainties regarding the role of ChE's (particularly
inthe blood) and the influence of other factors (e.g., rate of

ChE-I, degree of inhibition of arylesterases, as well as age,
diet, etc.) on the toxicity of ChEl pesticides mkes this a
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difficult question to answer. Although a large degree of ChE-|
inthe blood (e.g., 70% is usually acconpanied by unm stakabl e

signs of poisoning, the effects associated with smaller levels of
inhibition (particularly those observed with chronic exposures)

are less clear. Since ChE-1 is a graded response, with some
| nhibition occurring even at very low doses, it is difficult to
determne a level which is considered to be the hiological
threshold for an individual. Athough levels of ChE-l have been
determned to be "significant" in occupational settings (i.e., if
that [evel is exceeded the worker is removed fromthe exposure),
these I evel s are not necessarily appropriate as estimtes of a
threshold for the general population, including sensitive
subgr oups.

Several approaches to developing a scientific policy for
this conponent were presented. Since the determnation of a
popul ation threshold for exposures to ChE-1 pesticides is a
trans-scientific problem it is necessary that a |evel of ChE|
believed to be adverse be determned as a matter of science
policy. Various considerations in setting such a level (e.qg.,
site of ChE, how measured) were given. The choice of dose-
response assessnent method influences the inportance that this
uncertainty (regarding what level of ChE-l is biologically signi-
ficant) has on the risk assessnent (i.e., this is more inportant
wth the NCEL-UF approach than with other approaches).

0o What dose-response assessment net hods shoul d be
g§ggﬂhg gggggpolate fromexperimental doses to

The advantages and disadvantages of the four principal
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met hods were discussed. Although the NCEL-UF. approach has
historically been used, it has several drawbacks, particularly in
that it neglects dose-response information, discourages |arge
sensitive studies, and can not always be used (e.g., if NOEL is
| ess than the | owest dose tested). Various options to remedy

these shortcomngs were suggested. It is reconmended that the
weal th of information on the mechanismof action of ChE-l pesti-
cides be exploited to devel op mathematical nodels as an alterna-
tive to the NOEL- UF approach. Registrants should be encouraged
to provide data in which the variability is reported, so that
al ternative methods of dose-response assessnent can be used. A
risk assessment policy that allows some flexibility in the choice
of dose-response assessnent nmethods will result in a nore effi-

ci ent use of avail abl e dat a.

0 S AT SEL S ST e P

Investigating the interspecies variability in an admttedly
smal | sanple indicated that the NCEL in one species was on
average five fold different than in another species (nmeasured at
the same site), and ranged fromone to twenty-five in studies of
comparabl e length. These results should be viewed cum grgpp
sal is since methodol ogical factors in addition to species differ-
ences may have accounted for the observed variability. The
routes of admnistration were conparable except where noted. In
an attenpt to reduce the variability due to differences in
met hodol ogy, studies reported by one researcher (Edson, 1964) of
schradan, dinmefox, and parathion in the pig, rat and human were
conpared. Inconsistencies in the reporting of the data also
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render these results debatable. The interspecies variability
observed for schradan and di mefox was conparable to that reported

above, although the variability for parathion was mich greater,
particularly when ChE-1 was measured in plasma.

The traditional UF of ten for interspecies variability
appears to be adequate in nost cases, but does not fully account
for differences in sensitivity between humans and test animals
for some ChE-1 pesticides (e.g., malathion and parathion).

o \hat uncertaintyaﬁactor EEEHLQ be enpl oyed for

I ntraspecies varration of

Age was identified as a significant factor affecting intra-
species variability to ChE-1 pesticides. Young cattle and rats
are up to thirty tims nore sensitive than the adults of their
species. Nutrition and gender also influence intraspecies vari-
ability. Pregnancy, genetically-determned atypical ChE's and
low activity paraoxonase, and a variety of health conditions are
likely to increase sensitivity to ChE-l pesticides. Avariety of
drugs, chemcals and other agents are known to potentiate or
contribute to the toxicity of some ChE-l pesticides.

It is not clear whether the use of the term"intraspecies
variation" in reference to UF's i's supposed to account for poten-
tial exposures to the agents which can potentiate or otherw se
increase toxicity. It is recomended that for those pesticides

where synergismor potentiation by other environmental agents is

likely to occur (e.g., malathion) that an additional M be
appl i ed.

The traditional UF of tenis not adequate to account for the
increased sensitivities of special subgroups in the general popu-
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lation, particularly infants. Cearly, EPA's use of an UF as
smal| as ten (Federal Register, 1981) to account for both inter-

and intraspecies variability is not justified. Either a larger
UF is required, or a dose-response assessment nethod which does

not enploy inter- and intraspecies variation UF's shoul d be used.

o What speci al considera%ionéhéhould be.inqiuded in
exposure assessments for -1 pesticides”

The size, location and extent of exposure of the potential
subgroups identified should be determned. Nonagricultural uses
of ChE-1 pesticides deserve special attention since exposures may
be involuntary and/or may result in greater exposures to certain
sensitive subgroups (e.g., small children, pregnant women, or il

persons in the hone).
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Appendi x V-1 presents some of the major uncertainties in
assessing the risks of ChE-l pesticides. It is reconmended that
uncertainties be presented in an organized format according to
MGrity's classification of type of uncertainty. This enables
the decision maker to quickly ascertain the nature of the un-
certainties and what to do about them Information bearing on a
particular uncertainty is nore likely to be utilized when

uncertainties are explicitly identified in this way.


NEATPAGEINFO:id=21602FC6-1923-49FF-A702-39C4F2C50717


Appendi x V- 1: ExappLes gf _Dncertainty in the Risk Assessnent

sticl

Type* Pncertainty Egpl anati on

Hazard ldentification

Wiat is the role of ChE  vqarjous hypotheses have been
in RBC s? In plasm? §gggested but none proven (Silver,

pnat amount “of GhE 11n sone scientists (e.g. Rider, 1961)
cood 1S an adverse interpret a decrease of ChE activity
effect= over 25% bel ow controls as an adverse
effect. Ohers interpret a decrease
of ChE a01|V|ty to be adverse if it
Is significantly different (p < .05)

t han pre-exposure val ues (tel ephone
conversation, 6/5/86, OPP 'scientist)

How should the rate Rate (as well as magnitude) of ChE-I
est abl i Sh an adver se has been identified as contributing
to toxicity, but currently only the

ef fect ? magni tude of ChE-1 is used as a
nmeasur e of tOX|C|ty.

Does a study have For exanple, a dosing schedule in a

S eC'?' gharaCter'St'C$ study of nelathion in humans was

that |ead one to question ypyspyal: ejght nP was admi ni stered
0

i ? v : {
'ts results: to five subjects for thirty-two days,
|t h houl d th then no treatment was given for three
5?’ 0? Shou de weeks, and then sixteen nP was given
results of thal study to the same sub{ects for forty-seven
€ Interpreted: days. The first exposure may” have

altered the response observed with
t he second exposure.

2 e i e AN R L b ypotnesized fhat v duals
: i W ecrease evels are a I

a variety of conditions risk to ChE-| Pesticides, but _thereg
(e.g., pregnancy, oral Is insufficient data to establish
contraceptives, schizo- this
phrenia, |iver disease,
anem a, 8ﬁnetically non-
typi cal E) have an

appreci able effect on
sensitivity to ChE-1's?

4 What relative weights In cancer poljcy, a study in which a
spog!d be_ghvgnfgo . dose 1s as ociayéd w th an adverse
studies w ITTering effect (e.g., a tunor) is weighted

nore than a conparabl e study finding
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Type*

ffpcertainty

Dose' - Response Assessment

Type*

What net hod of dose-

response assessnent
shoul d be used?

What UF shoul d be
sel ected to reduce a
NCEL observed in an

ani mal study to a RfU
for humans?

is the popul ation
Pop ChE- |

What
threshold for a

pesti ci de?

What criteria should be
used to determ ne a NOEL
for ChE-I1?

If data are avail abl e

on nore than one species,
how shoul d t hey be used?

Dncertainfy

Expl anati on

no effect at that dose, since it is

inferred that the latter study pust
have been | ess sensitive than'the

former. For ChE-I pesticides, a
stud%_ln which a dose is found to
exhibit no effect is weighted nore
than a conﬁarable studY sane
speC|es% showi ng an eftect at that
dose. The highest dose shomnng no
effect is conSidered the NOEL for

t hat speci es.

Currentl t he NOEL- UF approach is
sed by Epa bR sci

used al though sone scientists
e.g. Crungg advocat e ot her nethods
Se.g., BD- UF appr oach).

| fferent offices wthin EPA (e.qg.

have differed over the

of an appropriate UF (e.g.,

true popul ation threshold for a

-| pesticide can not be determ ned
h certainty, since to do so woul d

i nvol ve exposing a nul titude of

peopl e to the pesticide, an inpractical
and soci al Iy unaccept abl e proposal .

Different scientists use different
criteria (e.C%.,_rragnltude of ChE-1,
site where CNE is measured, dose-
response trend) to determne a NCEL

Al t hough the use of the nost

sensitive species is stated to be

current EPA science potng ( EPA,
Ly

1986) , this is not stric true.
The dog is the nost sensitive species
to ChE-1 Dby parathion, but is not

used since the NCEL is bel ow the
| onest dose tested in the avail able
dog study.

Bi pl anati on
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Exposure Assessment

R sk

VWhat net hods of

estimating exposures of
potential “high risk
groups are nost accurate?

Kow shoul d one estinmate

the size, location, and

other characteristics of
the Populatlon of |nd|vﬂ
Iduals wth 8ﬁnet|ca y

non-typi cal

How shoul d dletarg habits
and other variatidons In

I|festyLe be taken into

account -

How shoul d one estinate
the size and nature of
the popul ations Iikely
to be exposed through
non-agricul tural uses
of Chk-1 pesticides?

Characterization

VWat are the bjol ogica
uncertalntles In estimat-
g the extent of health
ects from exposures
to ChE-1 pesticides?
FbM/shouId they be estlﬂ

ted and resente
HBCISIOH ng

kers?
Wiat are the statistica
uncertalntles in estimt-
g the extent of health
ects frontexposures
E-1 pesticides?
FbMIShOU|d they be estlﬂ
Hate andwgresente

eci sion kers?

Different researchers favor different
met hods, even under the sanme

COH?[E} ggfﬁbdsdtrect vs. indirect
ndi vi u Is W th genetic variants of
&h not read|Py |éent| ﬁ bl e.

D eting, fasting, alcohol and
CLIFTPELECU58:, SLeeaCaD POTENtially

suscept|b|l|ty to ChE-1 pesticides.

Data on exposures from
nonagrj cul tural uses o[ ChE- |
est|C|des rPa§tlcular i? the
enera Pene a
InSUffICIePt arge y becayse there
IS no requ or oach

o 0 S P

The dlfference bet ween fact and

eﬁlnlon can ﬁ mtter of dispute.
Z I'ch uncertainties are

Séttgﬁﬁdnék presented may bias the

Statlstlcal uncertalntles are often
BRE. Sges efgen ﬁsessgnpnftg
Upcenkal 0 L &S, AL presented

| as
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Type* nncftftaintyY Expl anat i on

3 Wi ch populatlon groups
shou P he Bl YO G Bk RO OIS 1O

tar ets for protection?
% provi dept he st Fﬁgageso Lt COHSIPG ﬁl'[l ons actor into

neanln ful expression of Ion of these questions.
hehelhrl

Type codes (see text pp. V-2, 3):

Trans-scientific uncertainty
Uncertainty due to insufficient data

HReEr 4l HW B 18 WRCHLPBCRERETBULICi hbpEREELatt o
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