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Introduction

Exposure to cholinesterase-inhibil-
ing pesticides such as organophosphates
and carbamates is considered a major
health problem for the 2.5 w 5 million
farmworkees in the United States and
the 80000 farmworkers in North Ciaro-
lin. =" Clinical monifestations of such
exposore are extremely diverse, ™ Long-
termt exposare has heen implicated i
seveeal types of cancer, teratvgenic
eifects. slenlity, spontaneous abortion,
and eogaitive deficits "1 Major poison-
ings among farmwerkers are Gurly well
characterized, but the health effects of
routine, smaller exposures are uncer-
Lin, Previous stwdies, although lmaed
by small sample size and inadequate
comparison groups, revealed depressed
chalinesterase levels in farmworkers,'#10
the  pathophyvsiological significance of
which remains unelear. Thus, we con:
ducted aclinie-based study of farmwork-
ers and nonlarmworkers in North Caro-
lita 00 assesy pesticide exposure, the
symploms occurring omong  exposed
workers, and the effect of simple mea-
sures o protect st eXposiTe;

Methods
Subjecr Sefection

Every thard patiemt presenting to
o community health centers was an
eligible subject. Those perlorming farm-
work Tor 1 week of the previous month
{i-z.. those with the potential for oecupa-
tional exposure) were eligible for the
fnrmwarker proup. Those who had never
performed migranl farmwork were eli-
gable for the unexposed nonfarmworker
group, Two hundred tan farmworkers
ancl 42 nonformworkers  participated;

moenresponse wis 49 (8) [or farmwork.
erm oand 37 (2) for nonfnrmworkers.
There was no atrrition, Informed con-
senl was obtained from subjects i thei
preferred languige.

Measurement af Sveiptoms aned
Pesticide Exposure

Pretested, wverbally  admimistercd
questionnaires  obtained  inlormation
about demographic charmcteristes, work
history, vccupational pesticide exposure
within I month of enrollment, ol
symptoms withln | week of enrallment
Monfarmworkers were questioned about
domuestic and occupational exposure 1
pesticides, Because exposure to cholines-
terase-mhibiting pesticide produces char.
acteristic biologic cffeos ™" u [airly
comprehensive range of symptoms wos
included in the questionneite. Two syimp-
toms thought nuot o be associated with
exposure—increased nail friability ongd
dysgeusia (allered taste perdeption)—
were also included mw assess the extent of
recall bias.

Enthrocyte Cholinesterase
Measurernent

Cholinestertse depression sepres
sents an unambiguous indication of ex-

posure 1o cholipesterase-inbibiting pesy-
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TABLE 1-—Demographic - 195 -
: Chardcteristics of - 12
Study Subjects.
T 0.100
Non-
Farm- . farm-
workers workers 0075 -
(n = 202 v = 42) 076

Male gender, % s 43
Meanage, y (SE) 33 (0.83)37 {257

Birthplace, %
United States 43 52
Mexico 47 36
Cantral America [ 12
Oither T (1 e
Meanyinfarm- - 82{0.73 NA»
work (SE) . >
Netapplicadle. -

cides as well as a biologic effect of such
EXPOSUIT.

Five microliters of blood were ab-
taimed. by finper prick. Hemoelabin and
acetyleholinesterase activity were- moa-
sured with the Test-Mate OF Kit (EQM
Inc, Juneficld, Ohio). This field  assay
uses & modified Ellman methed!? and
hits received extensive Teld and - Jak
testing. -2 Acetyleholinesterase sty
ity measured a5 absarbance; was oor-
rected  for ambient  femperature cand
hemoglobin. Replicate tests were pet-
tormed on sibjeeis with acenicholings-
terase devels below 25 Ul hempglohin,
Field staff tested themselves daily us an
external qualisy control. Subjects’ resalrs
from days oo which the epermors
acetylcholinesteruse level varicd by more
than < 10% ‘from the operator’s mean
were not incloded in'the final analysis,

Symptomzticity may cceur only with
severcoacetylcholinesterase depression.”
Therefore, ‘measurement of the o fro-
quency ol adverse efleclsin a puplﬂatinn
may depend morestrangly on the propor-
tion with very low- acetslehislinesterise
levels than o those whose levels repre-
sent the population mean. To-aceount
fior this possibility, cholinésterase levels
were dichommized into normal and low
catogories as well as irested . ont 3
continuous scale: The cutpoint for these
categories wis one standard devistion
below the mean of the nonfarmworker
Zroup.

Data dimalysis

Like  many biochemical mirkers,
nestylehalinesterase nhibition ‘can be
vicwed 0% 4 measure of either CrpOstne
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Cholinesterase Activity

f roéy’techotmesterase activ&giafi ﬁix@y subjects.

or oulcome. In the first part of the
analgsis, emplovment 3s o migrant fam-
worker was taken g5 an indicator of the
potential for pesticide exposure, chalin-
esterase levels were examined dmong
farmworkers and the comparison group
of nonfarmworkers, and their mean
cholinesterase levels were compared, In

dadiition,  odds ratos were used 1o

cumpare  the observed  and expecrad
numbers of “cases” with extremaly low
cholinesteruse levels among farmwork-
ers, deriving (he expected numbers from
the ‘cxperience of the nonfarmworker

COMPATISOT group.

Subsequent analyses focused on the
relationship of acetylcholinesterase: de-
pression among farmworkers o specific
occupational and Behavioral indicaiors
of potential exposure; npnfarmwarkers
eould not, by definition, have had these
exposures: Acetylcholinestersse . levels
for Tarmworkers whi reported a ' oven
EXpOSUE OF activity were comipared with
levels o Tarmworkers “without « 1hat
factor; and the data were trealed in both
continucus -and -dichotomons fornme as
befare, :

The ihird and - finel partiof the
analysis sought to identify symptoms
issociated with exposure, Instances of
warkers who reported o given symptom
werelreqted as cases: Pesticide exposura
was defined by both an egtrontely low
ucetylcholinesterase lovel and reported
oecupational  exposure” thetugh - using
pesticides, being sproved, or working in
recently sprayed arens. For cach symp-

tom, odds rating were used (o estimate
the eatio of ahserved (o expected cases.

The statistical anulysis was per-
[ormed wsing the SAS system (SAS
Institute. Chry, WO Coefficients for
limear regression models were estimated
by leas! squares, with P values derved
from standard F tests: Confidence inter-
vails (Cls) for crude odds ratios wers
based . on Woolls - method, and the
Mantel-Haenszel chi-squared: statistics
were used for hypothesis testing = Ad-
justed odds ratios were estimated by
Ingistic repression.

Results

Bath groups were demographically
Similar with regard ' to birthplice, but
farmworker subjects wers vounger and
mere often male (Table 1),

Figere | shows the distributions of
cholinesterase levels between” the two
groups: The medn acetvicholinesterase
level of the farmworkers (30.18 Ulg
hembglobing wis significantly lower than
thal of the nonfarmwarkers (3220 Uje
hemogiobin: £ = 01) (Table 2}, No
nonfarmworkers had scetylcholinester-
dse levels below 2328 U/ hemoglohin
(the dower limit of the noafarmworker
mean minus - ofe stuadard - devintion),
while 29 (12%:} of the Barmworkers did
(F=.19) j

WMany fermworkers reported occupa-
tiotal expasice to-pesticides. One type. -
of expusire derives from the application
of pesticides. Forty-seven percent of -
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TABLE 2-—Erythrocyte Cholinesterase Values among Subjects

Farmworkers Nornfarmworkers
Mean No. Mean No. Difference
No.  Value - Cases? No. Value Cases  inMeans
Ethnic group .
US-borm Blacks 69 31.00 8 11 3229 g 1.3
Hispanics 120 29.73 18 21 3217 0 2.4*
Qther® 13 2087 3 100 3218 4] 2.2
All subjects 202 30.18 24 3220 Y] 2.1*

"Those with cholinesterase levels below 25.28 W/g hemagiobin, the iower imit of norfarmworkers
{thoss unexposed) minus one standard deviation.

YHaittans, Whites, Puerio Ricans, Jamaicans.
*P < .05, Student’s ¢ tost,

farmworkers reported being sprayed
directly with pesticides or working imme-
diately adjacent to rig spraying within |
month prior.to study enrollment (Table
3), 33% of these subjects teported
subsequent illness. Fifty-one percent of
the subjects reported working in fields
with an obvious-chemical smell, None of
these reported exposures was associated
with significantlylower acetyleholinester-
ase levels although among those report-
ing exposures was a consistently greater
proportion of cases with acetylcholines-
terase below. 25.28 U/g hemoglobin.

Incontrast, the mean acetyicholines-
terase- level of farmworkers applying
pesticides was 2.7 Ufg hemoglobin lower
than  that of other farmworkers
(P = 002}, and the odds ratio for the
association of having extremely low
acetylcholinesterase with applying pesti-
cides was 4.2 (95% CI = 1.1, 16) (Table
3). There wete no significant differences
among the ‘mean acetylcholinesterase
levels of farmworkers employed in differ-
ent crops.

A second type of exposure derives
from pesticide residies and relates to
potentially protective behaviors such as
wearing gloves or washing hands (Table
4). Low acetylcholinesterase levels had
little or no association with these expo-
sures. The majority of subjects (58%)
reported that handwashing water was
not consistently available: Stmilar analy-
ses that used linear and logistic regres-
sion models and adjusted for age, years
in farmwork, demographic charaeteris-
tics, and multiple exposures produced
essentially the same resulls,

“When the frequency of symptoms
amorig farmworkers was examined with
respect 10 acetylcholinesterase levels
below and above 25.28 U/g hemoglobin,

448 American Journal of Public Health

only diarrhea was substantially associ-
ated with lower levels (odds ratio = 3.1;

“95% CI = 1.18, 8.0) (Table 5). However,

10 of the 16 symptoms had positive
asgociations with reported exposure.
Neither of the wvariables inciuded to
assess possible recall bias was associated
with acetylcholinesterase levels, but dys-
geusia did have an association of border-
line significance with reported exposure
{Table 5).

Discussion

To our knowledge, this is the largest
epidemiological study to date of the
health effects on farmworkers of expo-
sure o cholinesterase-inhibiting pesti-
cides. A clinic-based design was chosen
t maximize inclusion of morbidity in
order to examine the biologic relation
between illness and acetylcholinesterase
levels. The methodological difficultiey in
the epidemiological study of the health

. of migrant farmworkers relate primarily

to worker -transience and workplace
conditions. Attrition complicates longitu-
dinal study: in previous research, 74% to
83% of subjects werc Jost to observation
within 1 to 3 years#3* In cross-sectional
studies, constraints on determining etiol-
ogy are compounded by barriers to
observational data collection and by the
fact that workplace exposure and condi-
tions may change daily:

Reliance on reported exposures
poses obvious problems. Most farmwork-
ers do niot know to what pesticides they
may be exposed. Moreover, although we
saw no evidence of it, recall bias may
cause overreporting of exposure among
symptomatic subjects. Underreporting
may be more cominon; state and federal
regulations. prohibit fieldwork before

sprays have dried or dusts have settled,®
but perceptible signs of reentry time
violation may not exist. <An ochvious
chemical smell indicates that pesticides
remain suspended or liquid. Fifty per-
cent of subjects reported exposure both
io pesticide suspensions and to aerial or
rig spraying, and one third of these
subjects réported subsequent flness.
Even allowing for substantial misattribu-
tian, it appears that occupational expo-
sures to pesticides may routinely result
in illness among farmworkers.

The most significant associations
between occupational conditions and
low acetylcholinesterase levels were dem-
onstrated for workers applying pesti-
cides. North Carolina regulations re-
quire that all individuals involved in the
application of pesticides receive training
and be licensed. No subjects who worked
applying pesticides and who had low
acetylcholinesterase levels were licensed.

The prevalence of protective behav-
iors was higher for those actions directly
under the workers' contral, such as the
use of protective clothing, Hewever,
even individual protective behaviors such
as washing are limited by occupational
conditions such as the availability of

-water. Subjects” motivation 1o engage in

protective behavior s indicated by the
fact that as many subjects reporied
handwashing before eating as reported
the availability of handwashing water,
The unavailability of handwaghing water
{reported by 58%) is exactly the same as
that obtained by a study cooducted
several years eartier,” suggesting that,
despite promiulgation of new field sanita-
tion laws, lack of enforcement allows
unsafe working conditions to continue.
Associations between exposure and
low acetyicholinesterase levels can be
examined without knowing the specific
pesticides involved because no. other
significant  environmental - exposures
lower.erythrocyte cholinesterase. As did
earlier studies,'>1* we found that farim-
workers have Jower geetylcholinesterase
levels than nonfarmworkers. The differ-
ence in means was statistically signifi-
cant, but its biologic meaning is uncer-
tain. Of more probable importance is
that 12% of farmworkers had levels

‘below the lower limit of the nonfarm-

workef group. Since the nonfarmwork-
ery were not really unexposed (all lived
in heavily sprayed agricultural areas and
many reported using pesticides on gar-
dens or pets), the difference between a
farmworker group and an unexposed
group-may be ynderestimated.

March 1994, Vol 84, No. 3
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TABLE 3—Cholinesternse Laltra'l's and Ococupational Exposures io Pesticlde Applicatlon Aeported by Farmworkers®

Ditferance
i Maans of Casas® ameng Cases among
Farmworkers Enythrocyto Expbeed Uinaxposed
Exposure Variables Related 1o T Cholinestérase Odds
Pasticide Applieation = Level® Nao. % Mo - Rafic 95%Cl
Baing sprayed directly or ndirectly 47 0.1 13 14.1 1" 105 14 080,33
Working in flefds with chemical odar 51 0.1 13 13.1 1" 11.56 1.2 048 27
Mixing or applylng pesticides 05 -27 3 333 1 10.5 42 1.3, 16
*Reported ekposuraa within the 30 days prior to mendew,
Ditfarencd batwean (he means of thaexposed and wnexposed grozne,
“Subjects with scatyicholinestarase Dalow 25.28 U/g hemogichin,
The health effects. investigated all .

have mmultiple causes, muny espécially
prominent in: farmwork. Rashes tesult
from plant allergens, dermitoses, sun,
heat, infectious causes; and a variety of
pesticides, Inreractions with other health
risks 10 farmwork may not only comphi-
cate dingnosls and tudy but also place
farmworkers a1 gréater risk. For ex-
ample, dermatoses increase absorption
of pesticides, and dehydration and poor
nutrition inerease their toc effects.

Only minimal association was ob-
served between low acetyicholinesterase
levels and miorbidity, However, o moder-
ately strong association wis - observed
withi diarrhes, reported as one ‘of the
most common effects of such exposure.”
Several explanations for this relative
lack of association exsi:

1. Mo mochidity resulted. bocabse
acetylchalinesterase levels were not suf-
fictently depressed 1o canse appreciable
illmicss, 1t i also possible that tolerunce
develops 10 seetyicholing or that produe-
tion of acelylcholinesierase ingreasss in
the face of repeated exposure:™

2. Limitations: of cross-sectional
study design introduced  time-related
miselnssification of exposure and/or out-
comes. Collecting, dita on exposures in
the: previons month buton symploms
only during the previcus week may have
allowed aeetylcholingsterase deprossion
to continue but assomated symploms o
resoive,

30 Changing exposure (o cholines-
terase-inhibiting - pesticides and other
pesticides causing similar symptoms by
different mechanisms may abscure the
relationship between exposure: dnd ll-
ness. ' Alsgy since earbamales reversibly
inhibit acetylcholinesterase, resolution
of previously depressed acetyleholinester-
ase levels mny hove cocurred  before
enroliment.

March 1994, Vol. 8, No.3 .

TABLE 4—Ctiolinesterase Levels and Dcocupational Exposures to Pesticide
Aeslduss Reported by Farmworkers®

Cases®among Casas among

Exposure Variables  Farmworkers  Ewposed Unexposed
Aelatad Diida
to Pesticide Aasidues Mo % Mo, % Me. % FAalio- 895%Cl
Aggregate of expo- 129 — &6 18 1] B 12 -0 42,28
sures below
CHd not atways wear'
Shirt 28 18 a 11 18 i4 T3 20,28
Long pams 35... 18 3 it} 21 13 B4 18,23
Shoes a4 B 12 19 1230, 8540
Long-sleeved shint 113 . 57 16 i ] & 1.6 .67 4.0
Gloves 1685 "B3 20 12 4 127718 T.a2332
Handwashing walernot 118 58 14 12 10 12 10 Al 24
alveays availabla®
Ciid rot always wash
hands
:Balora gating in F o T ] 12 8 7. 138134
fields
Before amoking in LI B a 1] a 82 04,185
flaldsd
Belore excratony 173 1 B7 20 12 4 14 Te 24,24
activity
Dt not ahways laundear
ciothing Helors
wearing again - 28 10 13 14 5 [ DN - )
Didl not always wash
haryested produce
bafare
cansumpltion 51 50 4 B 8 ia .88 32,13

Reported axposures wiliin the 30 days priar to Intendew,

w5uhjects wWith oryifeotyte eholinestiamsn lavals belew 25.28 Ulg hemoglobin.

=Availability of handwashing wodar Hoas nal relate dirsctly io residua axpodtis byl dirsctly Bmis th
ability i inciuidhiiats o accomplish profectm behavions I'ldala':Hu the usa-of watar for whlrru

“Furmwa whosmoke,

Reported exposures, however, wers
strongly associnted with reporied symp-
tomis, The results of the symptom vari-
ables included  toasséss: recall . bias
soggest that -such bins was minimal.
Farmworkers who réporied cxpasures
were: o mare ' likely to report- nail
friability than those who did not, al-

though - dysgeusin was: of - borderline
significance. However, dysgeusia may be
indireatly related (o éxposdre since it
muy result from sinlorrbea or nawsea,
Given the evidence of exposures in
cacess of those permitied by federal
regulatinns, of the depression of acetvl-
cholinesterdse levels, and of the associa-
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TABLE 5—Associations between Reported Symptoms and Low Erythrocyte
Cholinesterase Values?® and Reported Pesticide Exposures?

Low Acetyicholinesterase Reported Exposures
OR® 95% Gt OR 95% Gl
Symptom/sign
Diarrhea 3.1 1.18,8.0 8.2 2.3.29.2
Nausea 18 0.72,4.2 28 14,861
Rash 15 0.63,1.9 2.7 1.4.5.2
Red/irritated eyes 1.5 0.59, 3.6 1.4 073,27
Fever 16 0.53, 4.2 13 0.61,27
increased sweating 1.4 0.56, 3.4 1.5 076,28
Increased anxiety 1.1 '0.43,2.8 2.1 15,64
Dizziness 1.2 0.48,29 2.1 10,41
Headache 091 0.38, 2.1 2.2 12.39
Blurred vision 1.4 0.56,34 23 11,48
Muscular symptoms® 0.98 0.41,23 28 15,52
Chest pain 0.99 038,286 4.7 1.7, 131
Sialorthea 0.98 0.31,3.1 1.3 0.58,2.8
Difficulty breathing 0.36 0.12,13 1.8 0.87,3.7
Ataxia 0.55 0.12,24 5.0 1.8, 157
Memory loss 0.36 0.08,2.6 29 87, 10.1
Variables to assess recall bias

Dysgeusia i3 0.43,3.6 25 1.0,60
Friable nails 0.32 0.05,2.2 1.9 067,53

iLow erythrocyte cholinesterase defined as below 25.28 U/g hemoglobin.
aCategory of those exposed includes subjects reporting one of the following: (1) being sprayed
directly. {2} working in flelds near spraying, (3) working in fields with a chemical smell, or (4}

mixing/applying pesticides

“Crude odds ratios were ubtamed from Mante)-Haenszel chi-squared statistics,
“Muscular disorder includes weakness, muscle cramps, and mustla fasciculations,

tions between exposure and reported
symptoms, it seems probable that mor-
bidity results from these more routine
types of pesticide exposure among farm-
workers despite the relative lack of
association with acetylcholinesterase de-
pression. It is also possible that the
cross-sectional nature of this study lim-
ited the identification of morbid se-
quelae.. This conclusion is strengthened
by anecdotal experience. The same
acetylcholinesterase field assay was later
used to diagnose pesticide-related ill-
ness in a farmworker clinic. Seventeen
individuals with characteristic symptoms
were tested; four had acetyleholinester-

ase levels below the lower limit of

normal. Their acetylcholinesterase lev-
els had increased for 3 t0 4 successive
weeks before the subjects were Tost to
follow-up; however,. their symptoms had

usually resolved within 1 week-of exposure.

It is important that additional re-
search be undertaken for several res-
sons. First, migrant health programs
have begun to dedicate much of their
extremely limited funds to pesticide
issues ' despite -uncertainty about the
extent of health effects. Most funding
goes to educational programs designed

450 American Journal of Public Health

to change farmworker. behaviors, al-
though exposures leading to serious
illness or death are not likely to be under
workers’ control. Second, this study only
addresses acute and subacute neurotox-
icity. Thus, the relationship between
organophosphate and carbamate expo-
sure and other serious health effects
such as cancer remains controversial
even though such outcomes may be the
most significant health effect of pesticide
exposure.'! Cholinesterase testing may
eventually serve a more #mportant role
in monitoring workers for long-term
cancer risk than for short-term neurotox-
icity.

Paradoxically, although pesticides
are routinely regarded as a serious
health risk for farmworkers, few if any
migrant healfth clinics are tapable, in
terms of technology, diagnostic proto-
cols, and logistics, of diagnosing pesti-
cide-related iliness. We strongly recom-
mend that mtigrant health centers develop
means of routine cholinesterase testing
to improve both diagnosis of pesticide
poisoning and descriptions of the nature
and extent of pesticide-related illoess
among migrant farmworkers on a popu-
lation level.

Although population parameters
canmot be estimated, some conclusions
can nevertheless be drawn from these
results. First, many patients presenting
to. farmworker clinics may have had
recent pesticide exposures exceeding
those permitted by federal regulations.
These patients often believe that such
exposures have adversely affected their
health. Second, depressed acetylcholin-
esterase levels are more often found
among farmworker patienis than among
nonfarmworker patients. The clinical
significance of these low acetylcholines-
terase levels cannot be determined on
the basis of these data. Finally,
farmworkers” behavior suggests that they
are motivated to reduce pesticide expo-
sures but that their ability to do so is
constrained by occupational conditions
beyond their control.
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