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ABSTRACT (1)

ABSTRACT

In order to investigate the neurobehavioural effects in workers chronically exposed to
organophosphate pesticides in Malaysia using the WHO neurobehavioural core test
battery (NCTB), a cross-sectional study of 45 organophosphate-exposed tobacco-growing
farmers and 45 controls was conducted. Seven tests of the NCTB — profile of mood
states, simple reaction time, digit symbol, digit span, Santa Ana manual dexterity, Benton
visual retention, and pursuit aiming tests — were administered to the subjects. The mean
serum cholinesterase activity in organophosphate-exposed farmers (8924.7 IU/) was
significantly different from controls (116421.4 IU/I) but within normal range (5300 to
12900 TU/D). The results of analysis of covariance, in which age, length of education, and
duration of employment, (covariates) were controlled in 45 exposed farmers and 45
controls, showed that the mean scores on the Profile of mood states-vigour (POMS-
vigour), digit symbol correct, digit span forward and digit span backward, Santa Ana
non-preferred hand, Benton visual retention test and pursuit aiming tests were
significantly lower in the exposed farmers than controls. The results of stepwise multiple
regression analysis revealed that none of the neurobehavioural tests’ score for 45
organophosphates-exposed farmers were significantly related to serum cholinesterase
(Pearson’s product-moment correlation [p > 0.05]). However, scores on the digit symbol
correct, digit span backward and pursuit aiming tests were significantly related to length
of education. We therefore conclude that chronic effects on the nervous system have
occurred in this group of farmers and that these effects are likely to be associated
with long-term repeated exposure to organophosphate pesticides.

Key words: organophosphate pesticides, long-term exposure, neurobehavioural effects,
WHO neurobehavioural core test battery (WHO NCTB), tobacco-growing farmers '



ABSTRACT (2)

Neurobehavioural Effects of Long-Term Exposure to Organophosphates in
Tobacco-Growing Farmers

Rusli Bin Nordin, Ariza Binti Abdul Rahman, Lin Naing, Razlan Bin Musa and Kamarul
Imran Bin Musa

Division of Occupational Medicine, Department of Community Medicine, School of
Medical Sciences, University of Science Malaysia, 16150 Kubang Kerian, Kelantan,
Malaysia

Running title: NEUROBEHAVIOURAL EFFECTS OF LONG-TERM EXPOSURE TO
ORGANOPHOSPHATES IN TOBACCO-GROWING FARMERS

ABSTRACT
In order to investigate the neurobehavioural effects in workers chroaically exposed to
organophosphate pesticides in Malaysia using the WHO neurobehavioural core test
battery (NCTB), a cross-sectional study of 45 organophosphate-exposed tobacco-growing
farmers and 45 controls was conducted. Seven tests of the NCTB — profile of mood
states, simple reaction time, digit symbol, digit span, Santa Ana manual dexterity, Benton
visual retention, and pursuit diming tests — were administered to the subjects. The mean
serum cholinesterase activity in organophosphate-exposed farmers (8924.7 IU/l) was
significantly different from controls (116421.4 IU/I) but within normal range (5300 to
12900 IU/1). The results of analysis of covariance, in which age, length of education, and
duration of employment, (covariates) were controlled in 45 exposed farmers and 45
controls, showed that the mean scores on the Profile of mood states-vigour (POMS-
vigour), digit symbol correct, digit span forward and digit span backward, Santa Ana
non-preferred hand, Benton visual retention test and pursuit aiming tests were
significantly lower in the exposed farmers than controls. The results of stepwise multiple
regression analysis revealed that none of the neurobehavioural tests’ score for 45
organophosphates-exposed farmers were significantly related to serum cholinesterase
(Pearson’s product-moment correlation [p > 0.05]). However, scores on the digit symbol
correct, digit span backward and pursuit aiming tests were significantly related to length
of education. We therefore conclude that chronic effects on the nervous system have
occurred in this group of farmers and that these effects are likely to be associated with
lcng-term repeated exposure to organophosphate pesticideés.
Key words: organophosphate pesticides, long-term exposure, neurobehavioural effects,
WHO neurobehavioural core test battery (WHO NCTB), tobacco-growing farmers

Paper to be presented at the Kelantan Medical Sciences Conference 2001 organised by
Kelantan State Health Department and Department of Community Medicine, School of
Medical Sciences, Health Campus Kubang Kerian, USM, 4-5 November 2001 in New
Pan Pacific Hotel, Kota Bharu.
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Neurobehavioural Effects of Long-Term Exposure to Organophosphates in
Tobacco-Growiag Farmers

Rusli Bin Nordin, Wan Abdul Manan Bin Wan Muda, Lin Naing and Ariza Binti
Abdul Rahman

Division of Occupational Medicine, Department of Community Medicine, School of
Medical Sciences, University of Science Malaysia, 16150 Kubang Kerian, Kelantan,
Malaysia

Running title: NEUROBEHAVIOURAL EFFECTS OF LONG-TERM EXPOSURE TO
ORGANOPHOSPHATES IN TOBACCO-GROWING FARMERS

ABSTRACT

In order to investigate the neurobehavioural effects in workers chrqnically exposed to
organophosphate pesticides in Malaysia using the WHO neurobehavioural core test
battery (NCTB), a cross-sectional study of 45 organophosphate-exposed tobacco-growing
farmers and 45 controls was conducted. Seven tests of the NCTB — profile of mood
states, simple reaction time, digit symbol, digit span, Santa Ana manual dexterity, Benton
visual retention, and pursuit aiming tests — were administered to the subjects. The mean
serum cholinesterase activity in organophosphate-exposed farmers (8924.7 IU/) was
significantly different from controls (116421.4 IU/1) but within normal range (5300 to
12900 IU/1). The results of analysis of covariance, in which age, length of education, and
duration of employment, (covariates) were controlled in 45 exposed farmers and 45
controls, showed that the mean scores on the Profile of mood states-vigour (POMS-
vigour), digit symbol correct, digit span forward and digit span backward, Santa Ana
non-preferred hand, Benton visual retention test and pursuit aiming tests were
significantly lower in the exposed farmers than controls. The results of stepwise multiple
regression analysis revealed that none of the neurobehavioural tests” score for 45
organophosphates-exposed farmers were significantly related to serum cholinesterase
(Pearson’s product-moment correlation [p > 0.05]). However, scores on the digit symbol
correct, digit span backward and pursuit aiming tests were significantly related to length
of education. We therefore conclude that chronic effects on the nervous system have
occurred in this group of farmers and that these effects are likely to be associated with
Jong-term repeated exposure to organophosphate pesticides.

Key words: organophosphate pesticides, long-term exposure, neurobehavioural effects,
WHO neurobehavioural core test battery (WHO NCTB), tobacco-growing farmers

Paper Presented at the 2" ASEAN Conference on Primary Health Care, Theme:
Priorities. in Primary Health Care in ASEAN, Organized by FPMPAM, Perak Medical
Practitioners’ Society, and Perak Medical College, 16-18 March 2001, Syuen Hotel,
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ABSTRACT

In order to investigate the neurobehavioural effects in workers chronically exposed to
organophosphate pesticides in Malaysia using the WHO neurobehavioural core test
battery (NCTB), a cross-sectional study of 45 organophosphate-exposed
tobacco-growing farmers and 45 controls was conducted. Seven tests of the NCTB —
profile of mood states, simple reaction time, digit symbol, digit span, Santa Ana manual
dexterity, Benton visual retention, and pursuit aiming tests — were administered to the
subjects. The mean serum cholinesterase activity in organophosphat.e-exposed farmers
(8924.7 1U/l) was significantly different from controls (116421.4 TU/l) but within
normal range (5300 to 12900 IU/). The results’of analysis of covariance, in which age,
length of education, and dluration of employment, (covariates) were controlled in 45
exposed farmers and 45 controls, showed that the mean scores on the Profile of mood
states-vigour (PQMS-vigour), digit symbol correct, digit span forward and digit span
backward, Santa Ana non-preferred hand, Benton visual retention test and pursuit
aiming tests were significantly lower in the exposed farmers than controls. The results
of stepwise multiple regression analysis revealed that none of the neurobehavioural
tests’ score for 45 organophosphates-exposed farmers were significantly related to
serum cholinesterase (Pearson’s product-moment con;elation [p > 0.05]). However,
scores on the digit symbol correct, digit span backward and pursuit aiming tests were
significantly related to length of education. We therefore conclude that chronic effects
on the nervous system have occurred in this group of farmers and that these effects are

likely to be associated with long-term repeated exposure to organophosphate pesticides.

Key words: organophosphate pesticides, long-term exposure, neurobehavioural effects
b




WHO neurobehavioural core test battery (WHO NCTB), tobacco-growing farmers




INTRODUCTION

Human research increasingly supports the development of chronic neurological
sequelae following acute exposures to organophosphates (OP) (Aiuto et al., 1993; Ames
et al., 1995; Bazylewicz-Walczak et al., 1999; McConnell et al., 1994; Rosenstock et al.,
1990; Rosenstock et al., 1991; Savage et al, 1988; Steenland et al., 1994). Aiuto et al.
(1993) provided clinical documentation of delayed polyneuropathy' in ’a child after
accidental chlorpyrifos ingestion whilst McConnell et al. (1994) showed evidence of
methamidaphos-induced per.ipheral neuropathy ;1mong Nicaraguan agricultural workers.
Significant correlation between high OP exposures and neurologic sequelae (Ames et al.,
1995) as well as neurobehavioural performances (Bazylewicz-Walczak et al., 1999) has
also been observed. Studies by Savage et al. (1988), Rosenstock et al. (1990; 1991), and
Steenland et al. .(1994) suggest strongly that people who have developed clinically
observable symptoms following a single, high concentration OP exposure have deficits
in attention, memory, and coordination that persist for many years. However, the
possibility that a background of previous lower-level exposures to other pesticides
contributing to the chronic neurological sequelae, cannot be entirely discounted (Rom,
1998).

Concerns have been expressed that repeated low-level exposure over months or
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years might result in chronic damage to the nervous system (Dafiies, 1990; Mearns et al.,
1994, Savage, 1992; Stéphens ?t al., 1995; Wagner ef al., 1994). Subjects affected by
these kinds of exposures were reported to have poor mental health and problems with
memory and concentration. Animal studies have also shown that subtle
neurobehavioural impairments may persist long after normalization of acetyl

’

cholinesterase activity following prolonged .exposure to OP (Graléwicz and Socko

1997, Socko, 1999). However, many reports on workers chronically exposed to low

levels of OP were unable to provide conclusive evidence of neuropsychological
impairment in those workers (Beach et al. 1996; Daniell et al., 1992; Duffy et al., 1979;
Duffy and Burchfiel, 1980; Jager et al., 1970; Kaplan et al., 1993; Korsak and Sato,
1977; London et al., 1997; Steenland, 1996; Stephens et al., 1995; Wagner, 1994).

In the present study, the authors assessed neurobehavioural effects of long-term

low-level exposure to OP on tobacco-growing farmers in Kelantan, Malaysia.

SUBJECTS AND METHODS




Subjects

Forty-five male tobacco-growing farmers residing in Bachok District, Kelantan,
who were occupationally exposed to OP, participated in the research after adequate
explanation by one of the authors and the study was conducted with their informed
consents during August, and September of 2000. Criteria for inclusion were (1) male;
(2) aged between 18 to 59 years; and (3) at least 2 years experience aé farmers. Potential
participants were excluded if their medical histories revealed (1) pesticide poisoning
within 3 months prior tb the study (which could be associated With subacute,
irreversible sequelae; (2) diseases or injuries' to the central nervous system (including
trauma with period of unconsciousness totalling more than 15 minutes; (3) a history of
learning disability or congenital defects of the central nervous system; and (4) a history
of alcohol, narcotic, or other drug abuse. Each case was individually matched to a
control subject from the School of Medical Sciences., University Science Malaysia,
Kelantan, who has never been exposed to OP for age (within 1 to 3 years). Persons
younger than 15 year were excluded from the study because the adult

neuropsychological test battery was not appropriate for them, and person older than 70

were excluded because more extreme “normal ageing” effects on neuropsychological

performance would be expected for such subjects. They consumed neither drugs nor




alcohol on the day of the testing, and none of them abused substances. Age, length of
education, duration of employment, and serum cholinesterase activity (ChE) in cases
and controls are shown in Table 1. Except for age, highly sigﬁiﬁcant differences were
found between the cases and controls regarding length of education, duration of

employment, and ChE (p < 0.001).

Methods

Neurobehavioural‘ tests. Seven tests from the WHO Neurobehavioural Core
Test Battery‘ (NCTB) were performed by the OP-exposed cases and controls at the
worksite and the Occupational and Environmental Laboratory, Department of
Community Médicine, School of Medical Sciences, University of Science Malaysia,
respectively, according to the operational guide of WHO (1986). Profile of mood states
(POMS) was used to asses affect in the domain of tension-anxiety, depression,
anger-hostility, vigour, fatigue and confusion. Simple reaction time (SRT) was used to
estimate attention and response speed, digit symbol (DSy) for the perceptual-motor
speed test, digit span (DSp) [forward (DSpf) and backward (DSpb)] for the auditory
attention and memory test, Santa Ana manual dexterity [preferred hand (SAph),

non-preferred hand (SAnph)] to estimate manual dexterity, Benton visual retention




(BVR) for the visual perception and memory test, and pursuit aiming (PA) for assessing
motor steadiness. A brief description of the tests, with functional domains within

parentheses, is listed below.

1. Profile of mood states (affect). The profile of mood states questionnaire is on which
the subject rates himself on a scale from zero to four about feeling experienced during

the previous seven days. These include 65 items and provide a six-point mood profile:

tension, depression, anger, vigour, fatigue and confusion. The profile of mood states

was a sensitive indicator of neurotoxicity in a previous study of workers exposed to
inorganic lead (Maizlish et al.,1995).

2. Simple reaction time (psychomotor performance). The subject’s task was to give fast
motor responses to repetitive Visua;1 stimuli presented at randomly varied intervals of 1.0
to 10.0 seconds by a standard reaction time tester (Software Science, USA). The subject
was presented with 64 stimuli to which he must respond within 6 minutes. Only
stimulus-to-reaction time in milliseconds of up to 3 seconds were considered successful
for each trial and used in the calculation of average reaction time.

3. Digit symbol (psychomotor performance). The digit symbol (Dsy) worksheet contains
a list of numbers that are associated with certain simple symbols and a list of random
digits from one through nine with blank squares below each digit. The subject’s task
was to fill the blank squares with the symbols paired to their corresponding digits and to

do so as quickly as he could for 90 seconds. The scoring was based on the number of

]




symbols correctly filled in.

4. Digit span (attention and memory). The digit span test is comprised of two different
parts, digits forward (DSpf) and digits backward (DSpb), each consisting of seven pairs
of progressively longer sequences of random numbers. The task of the subject was ’;o
repeat the sequences, which the examiner read aloud, in the same order as they were
given in the digits forward test and in the reverse order in the digits béckv;ard test. Two
points were given for correctly repeating both sequences, 1 point fof one correct
sequence, and 0 for no cor,r.ect sequence. Each' of the tests awarded a maximum of 14
points.

5. Santa‘Ana manual dexterity (manual dexterity). The Santa Ana equipment consists of
a base plate with 48 square depressions and equal number of fitted pegs having a
cylindrical upper part and square base. The subject’s task was to turn each peg 180
degrees, as fast as possible. Separate measurements were taken for the preferred hand
(SAph), and the non-preferred hand (SAnph). Two trials were given for each hand and
each trial lasted 30 seconds. The sum of correctly turned pegs in the two trials
constituted the score for each hand.

6. Benton visual retention (perception and memory). The Benton visual retention (BVR)

test (recognition form) consists of 20 cards presented as 10 pairs of two. The first of




symbols correctly filled in.

4. Digit span (attention and memory). The digit span test is comprised of two different
parts, digits forward (DSpf) and digits backward (DSpb), each consisting of seven pairs
of progressively longer sequences of random numbers. The task of the subject was to
repeat the sequences, which the examiner read aloud, in the same order as they were
given in the digits forward test and in the reverse order in the digits bé.ckv;ard test. Two
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a base plate with 48 square depressions and equal number of fitted pegs having a
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6. Benton visual retention (perception and memory). The Benton visual retention (BVR)

test (recognition form) consists of 20 cards presented as 10 pairs of two. The first of




each pair contains the pattern to be memorized and the second contains four patterns,
one of which is identical to the pattern presented previously. After looking at each card
presented for ten seconds, the subject must recognize the right patterns among the
confounders in the next card presented immediately after. The score was given for the

number of patterns correctly recognized.

/

7. Pursuit aiming (motor steadiness). The subject’s task was to place one dot inside
each circle following the pattern given on the test sheet. This task was to be performed
as quickly as possible. Two trials, each lasting 60 seconds, were to be accomplished and

the number of correctly placed dots in both trials constituted the score.

Serum cho]inesterase activity (ChE). Five ml of venous blood, drawn from
each subject, was placed in a plain test tube and centrifuged over 4000 rpm for 5 min.
The ChE was read from a Hitachi 912 automated machine (Knedel and Bottger, 1967).

Reference values for men (all ages), according to den Blaauwen et al. (1983), was 5300

to 12900 IU/L

Statistical Analysis. Student’s ¢ test was used to analyse differences in the

variables listed in Table 1 between the OP-exposed cases and controls. The level of

10



statistical significance for the difference between cases and controls was set at 0.05. The
relationship between the results of neurobehavioural tests and the level of exposure was
examined by the analysis of covariance (ANCOVA); factor is group (cases or controls)
and covariates are age, length of éducation, and duration of employment. The
relationship between the neurobehavioural performances and age, length of education,
duration of employment, alcohol consumption, and ChE in 45 OP-éxposed cases was
analysed with Pearson’s product moment correlation and with stepwise multiple linear
regression analysis. ChE together with one of the four remaining variables (i.e., age,
length of education, and duration.of employment) were entered and removed at p <
0.05. These analyses were carried out using SPSS® version 9.0 in the Unit of

Biostatistics and Research Methodology, School of Medical Sciences, Universiti Sains

Malaysia, Health Campus Kubang Kerian, Kelantan, Malaysia.

RESULTS

Results of the analysis of covariance for neurobehavioural tests in 45
OP-exposed cases and 45 controls are shown in Table 2. The mean scores on the
pPOMS-vigour, digit symbol correct, digit span forward and digit span backward, Santa

Ana non-preferred hand, Benton visual retention test and pursuit aiming tests were

11



significantly lower in the cases than controls (Table 2)

In the stepwise multiple regression analysis, none of the neurobehavioural
tests’ scores for 45 OP-exposed cases was significantly related to ChE (Pearson’s
product-moment correlation or Spearman’s rank correlation [p > 0.05]). However, score

on the digit symbol correct, digit span backward and pursuit aiming (PA) test, were

’

significantly related to the length of education (Table 3).

DISCUSSION

The mean scores on the POMS-vigour, digit symbol correct, digit span forward
and digit span backward, Santa Ana non-preferred hand, Benton visual retention test,
and pursuit aiming tests were decreased significantly in the OP-exposed cases on the
day when testing was done (Table 2 and 3). We thereforfa suggest that chronic effects on
psychomotor performance (i.. sustained attention, response speed, motor steadiness
and auditory memory), as measured by the POMS-vigour, digit symbol correct, digit
span forward and digit span backward, Santa Ana non-preferred hand, Benton visual
retention test and pursuit aiming tests are caused directly by OP exposure. However, we

could not verify whether these chronic effects were associated with the duration (acute

12



or chronic) or intensity (high-level or- low-level) of exposure to OP. thure studies
should be designed to clarify the relation between chronic neurobehavioural effects of
OP and duration, and also intensity, of exposure to OP.

None of the neurobehavioural tests, i.e. the Santa Ana non-preferred hand was
significantly associated with ChE in 45 OP-exposed cases in the present study. Perhaps

4

ChE is not a good predictor of the chronic effects of OP on 'neurobehavioural
perforrnancés.

Of the three potential predictors (i.e., age, length of education, and duration of
employment), only length of education appeared to be important confounders in the
present study.

The present study, however, had several limitations. A prospective study would
be a more appropriate design to investigate the relation between level of exposure and
chronic effects of OP. Serum cholinesterase activity (C;hE) has not been established to
be an effective predictor of neurobehavioral performances in many studies; instead,
urinary dialkylﬁhosphates has been shown to be significantly related with
neuropsychological performa.nces. Drevenker et al. 1991 have confirmed that
dialkylphosphorus metabolites in the urine are a more sensitive index of absorption

than cholinesterase inhibition in the serum. Other studies have used red blood cell

13



cholinesterase as a more suitable predictor than ChE. Finaily, sample size of cases and
controls must be increased and appropriate matching of cases and controls for other

biologically plausible confounders is necessary in order to increase the statistical

power of the tests.
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Table 1. Differences in age, length of education, duration of employment, alcohol
consumption, and serum cholinesterase activity (ChE) between 45 OP-exposed

cases and 45 controls*

Variable Cases Controls Differencesy
p value
Age (y1) 44.4(9.6) 42.4(8.5) >0.05
Length of education (yr) 7.0(3.5) 10.5(3.0) <0.001
Duration of employment (yr) 19.7(9.9) 129(74) = ’<0.001
ChE (IU/D) 8924.7(1754.0) 11421.4(18554) <0.001

*Mean values with standard deviations in parentheses are shown.

+Student’s # test
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Table 2. Differences in neurobehavioural tests between 45 OP-exposed cases and

- 45 controls: analysis of covariance*

Cases Controls Differences
Testt Mean SD Mean SD Fvalue
Profile of mood states
tension anxiety 564 33 7.00 4.0 0.903
depression 553 6.5 6.70 6.9 0.822
anger hostility 542 44 7.77 5.6 1.667
vigour 1420 5.0 1875 41 , 5.789
Fatigue 569 52 4.48 3.6 0.481
confusion 462 - 2.8 5.18 3.2 0.296
Simple reaction time [X 107 2682 48 2607 4.1 0.665
Digit symbol (DSy) 26.10 122 4640 125 36.685§
Digit span (DSp) ‘
Forward (DSpf) ) 787 24 8.29 2.6 3.180%
Backward (DSpb) ' 3.93 1.6 4.11 1.8 6.690§
Santa Ana manual dexterity
Preferred hand (SAph) 4224 10.48 44.53 7.7 1.727
Non-preferred hand (SAnph) -~ 39.20 10.7 4284 54 2.718%
Benton visual retention (BVR) 5.93 1.9 7.71 5.1 3.036%
Pursuit aiming (PA) ’ 71.4  20.6 99.16 26.6 8.4308

*Factor is group (cases or controls) and covariates are age, length of education, duration
of employment, and alcohol consumption.

fResults were expressed as standard scores according to the operational guide of WHO
(1986).

tp <0.05.

§p <0.001.
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Table 3. Regressions of neurobehavioural tests on age, length of education,
duration of employment, and serum cholinesterase activity (ChE) in 45

OP-exposed cases: stepwise multiple regression analysis*

Criterion variable . Rt Set of independent variables
selected]
. Digit symbol (Dsy) 0.640 Education (0.640//)
Digit span backward (DSpb) 0.512  Education (0.512#)

Pursuit aiming (PA) 0.534  Education (0.534#)

4

*Serum cholinesterase activity (ChE) together with one of the remaining variables were
entered and removed at a significance level of p <0.05.

#Multiple regression coefficient.

1Standardized partial regression coefficients in parentheses.

#p <0.05. .

//p < 0.01.
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Fig. 1. Differences in POMS-vigour, digit symbol correct, digit span forward, and digit span backward, Santa Ana non-preferred
hand, Benton visual retention test and pursuit aiming tests between 45 organophosphate-exposed cases and 45 unexposed
controls (analysis of covariance controlling for age, length of education, and duration of employment).
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