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Chronic pesticide poisoning from persistent
low-dose exposures in Ecuadorean floriculture
workers: toward validating a low-cost test
battery
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Chronic pesticide poisoning is difficult to detect. We sought to develop a low-cost test battery for settings
such as Ecuador’s floriculture industry. First we had to develop a case definition; as with all occupational
diseases a case had to have both sufficient effective dose and associated health effects. For the former,
using canonical discriminant analysis, we found that adding measures of protection and overall
environmental stressors to occupational category and duration of exposure was useful. For the latter,
factor analysis suggested three distinct manifestations of pesticide poisoning. We then determined
sensitivity and specificity of various combinations of symptoms and simple neurotoxicity tests from the
Pentox questionnaire, and found that doing so increased sensitivity and specificity compared to use of
acethylcholinesterase alone – the current screening standard. While sensitivity and specificity varied with
different case definitions, our results support the development of a low-cost test battery for screening in
such settings.
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Introduction
The Granobles River Basin in Cayambe of North

Andean Ecuador is an excellent location for cut flower

plantations, with 60% of the land currently in use for

rose production in the country.1,2 Cut flowers (mostly

roses), destined for markets in Europe, North

America, and Asia, constitutes an important export

product for Ecuador. Nonetheless, the floriculture

industry is inadequately monitored for adherence to

sustainable agricultural standards. This has resulted in

the continued extensive use of toxic pesticides,

including those belonging to Class I (extremely or

highly hazardous) and II (moderately hazardous) as

designated by the World Health Organization.3

Global economic forces on this industry have con-

tributed to pressure for production of high yields for

export and have resulted in limited attention to the

environmental and health effects of pesticide use on

agricultural workers and neighboring rural communities.4

Pesticide contamination is thought to be widespread

in the traditional agrarian communities also situated

in this prime agricultural land, as a result of ‘green

revolution practices,’5 as well as chemical drift,

runoff, and leaching from the neighboring cut-flower

plantations, careless disposal of pesticide containers,

domestic pesticide use, and the reusing of plastic

sheets from cut-flower greenhouses within the com-

munities (Fig. 2 and 3).

A wide range of pesticides are used on the farms and

there is limited knowledge among the workers regard-

ing the classes of chemicals used, safe practices, and

proper application.1 Workers are directly exposed to

pesticides through skin contact, inhalation, and/or

ingestion while working in the greenhouses, trimming

and classification rooms, and refrigerated rooms

where the flowers are preserved and packaged for

export (Fig. 4).1 It is difficult to monitor exposure due

to the use of various classes of pesticides, task rotation,

the frequent practice of chemically intensive domestic

agriculture by workers, and the widespread contam-

ination in neighboring communities. Additionally,

morbidity is under-reported among agricultural

workers,6 thus, assessing the extent of pesticide

poisoning remains challenging.

Heavy pesticide use on farms has been documented

with self-reported symptoms and acute pesticide poison-

ing in low- and middle-income regions worldwide,
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including Vietnam,7 the Gaza Strip,8 South India,9 and

Ecuador,1,10,11 with a wide range of adverse human

health effects, depending on the chemicals employed.

There have also been reports of genetic damage

attributable to pesticide exposure in Ecuadorian,12 as

well as in Mexican, cut-flower workers,13 and in Spanish

greenhouse workers.14 Chronic exposure to organopho-

sphates (OP) pesticides has been linked to increased risk

of liver dysfunction, and associated with elevated levels

of liver enzymes, including alanine aminotransferase

(ALT) and aspartate aminotransferase (AST) in

rodents15 and in humans.16 Decreases in hemoglobin

(Hg) and hematocrit values as a result of pesticide

exposure have also been documented as well as changes

in white blood cell (WBC) counts.17

Wesseling et al.18 documented important gaps in

occupational health in Central American countries

noting little reporting of occupational diseases from

pesticide use. Pesticide surveillance in Ecuador re-

mains limited to extreme cases of poisoning based on

hospital reports.10 Measures of erythrocyte acetylcho-

linesterase (AChE) and plasma AChE (buChE) are

commonly used as indicators of OP and carbamate

exposure. For the detection of acute toxicity, AChE

readings are only useful when there are baseline

measurements; there is widespread agreement that in

a setting of low-dose chronic exposure, a single AChE

reading provides very limited information. This test is,

nonetheless, the only test being used in Ecuador today

as the recommendation of three baseline tests of AChE

after 30 days of nonexposure, prior to a test post-

exposure is simply not logistically—or financially—

feasible. Few agricultural workers receive sufficient

doses to cause acute effects from pesticide exposure,

but most workers are continuously exposed to

mixtures of chemicals in low doses.19 McCauley

et al.20 have suggested that AChE should be com-

plemented with supplemental testing.

Some excellent work has recently been completed by

Bravo et al.21 in the Program of Work and Health in

Central America (SALTRA) in establishing a mon-

itoring system for pesticide use and a set of indicators

have been developed to monitor regulatory observance

of international agreements. However, the extent of

Figure 1 Developing a low-cost test battery to identify a possible case of chronic pesticide poisoning.

Figure 2 Children often play in the contaminated plastics.
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chronic pesticide poisoning from combinations of low-

dose persistent exposure remains unknown. The new

constitution in Ecuador, resoundingly approved by the

population,22 gives new impetus for improved control

measures for a healthy environment. As chronic

pesticide poisoning from persistent low-dose exposure

is difficult to diagnose, we sought to develop a low-cost

test battery to apply in such settings.

Methods
Overall Approach
Figure 1 outlines the approach we took to accomp-

lish the previously stated objective. The well-accepted

approach would be to evaluate screening tests against

a gold standard for the diagnoses (Step 1).23 However,

as there is no gold standard, we decided to evaluate

index. screening tests by determining their ability to

detect pesticide-poisoning cases. To do this, we

identified potential tests to both include in a battery

(Step 2a) and develop a case definition (Step 2b). The

entity we were interested in detecting was a ‘case of

physiological abnormalities consistent with what the

toxicological literature has shown is likely attributable

to persistent low-dose exposure to pesticides, in a

person who has sustained such exposure, and has no

other readily apparent explanation for these abnorm-

alities.’ As with any occupational disease, a case must

have incurred not only exposure, but sufficient

effective dose (Step 3a) as well as have also demon-

strated plausibly related health effects (i.e., consistent

with the known toxicity) (Step 3b). Development of a

working case definition, therefore, had two compo-

nents: First, we had to establish a quantification of

exposure that could result in health effects; and

second, we had to define these health effects.

To define an ‘adequate effective dose,’ we exam-

ined three components: estimation of ambient expo-

sure based on a description of exposure of various

occupational groups using not only standard meth-

ods of job descriptions and duration of exposure

(Step 4a), but also applying a protection index to take

control measures into account (Step 4b). We also

wished to consider a qualifier to take into considera-

tion the knowledge that the occupational exposure is

only one component of the full dose of pesticides and

related environmental stressors to which these work-

ers would be exposed in their daily lives.24 Thus,

given the known mechanisms of toxicology and the

importance of combined environmental stressors25–27

in determining the ultimate tissue toxicity (or effec-

tive dose, in essence), we also sought to explore the

usefulness of adding a measure of overall environ-

mental stressors (Step 4c). To define plausible clinical

disease, we used factor analysis to characterize

clinical patterns (Step 4d). We then proceeded to

the fifth step, namely, we tested various combinations

of screening tests against various case definitions, as

discussed later.

In the following sections we outline: 1) the setting

and recruitment; 2) questionnaires and clinical tests;

3) defining cases of pesticide poisoning and test

batteries; and 4) statistical analyses.

Setting and Recruitment

Cultivation workers, who plant, trim, and maintain the

roses until they are ready for harvesting, typically use

masks, gloves, overalls, and boots to protect against

pesticide residues, and they are not supposed to re-

enter the greenhouse sooner than minimal waiting

periods according to the type of chemical applied in

spraying. Post-harvest, cold room and packaging

workers process the roses for export. While in a

refrigerated room, they sometimes dip the flowers into

pesticides to protect them from contamination and

they apply chemical preservatives that enhance plant

vitality and prepare them for export. The flowers are

then grouped into bouquets according to the style,

length, and color desired by the destination country

(Fig. 5). The leaves are trimmed and the flowers are

packaged while remaining in the refrigerated room

until further transported for export. The post-harvest

workers responsible for dipping the flowers in chemi-

cals are supposed to use full protective equipment

(waterproof and impermeable overalls, rubber boots,Figure 4 A large portion of the workforce are young women.

Figure 3 Pesticide contaminated plastic is a source of

environmental contamination.
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gloves, and long-sleeved jackets) as well as a respiratory

mask with a filter (Fig. 6). The fumigators are

responsible for mixing the pesticides and spraying the

flower fields. They are not supposed to spray for more

than four hours each shift and they must rotate from

fumigation to another section, ensuring that they spend

double the time in fumigation in a lower exposure

setting (e.g., one week in fumigation; two weeks in

cultivation). Maintenance/service workers are gener-

ally not situated directly in the greenhouses, but

conduct odd jobs around the farm; these workers are

not likely to be directly exposed to chemicals.

Fieldwork and collection of data took place in

2008. Permission was granted to conduct the study on

two rose farms in the region. We recruited both men and

women workers of various positions within the farm

between 18 and 69 years of age by promoting the study

in a large group meeting and inviting workers to attend

a testing session during working hours. The study was

designed and conducted with full involvement of worker

and employer representatives. All norms of informed

consent, privacy protection, confidentiality, and avoid-

ance of potential risks to participants were ensured to

the satisfaction of all stakeholders, researchers, funding

agencies, and institutional partners. The objectives of

the study were explained in detail to managers, employ-

ees, and residents at each site using dialogue common to

the area; and consent to participate was obtained from

each individual.

In order to focus on cases that were clinically

relevant (i.e., had clinical abnormalities that had a

reasonable probability of being primarily related to

pesticide exposure rather than other causes), indivi-

duals with previous or concurrent medical conditions

(e.g., epilepsy, kidney or liver disorders, diabetes,

anemia), past cerebral trauma, or prescribed medica-

tion were excluded from analysis. Smokers and

individuals who reported excessive alcohol use or

had consumed alcohol within 48 hours of the testing

described in this study were also excluded. Thus, the

original sample size of 160 was reduced to 123.

Questionnaires and Clinical Tests

For each worker, we gathered information regard-

ing exposures and health outcomes by an inter-

viewer administering two questionnaires (Pentox and

EpiStress) and clinical tests. We then calculated an

exposure index. The Pentox questionnaire included

questions about exposure, work practices, and perso-

nal protective equipment (PPE) used, as well as

symptoms. Specifically, the Pentox set of questions,

as described in-depth in Breilh et al.,28 developed by

the Health Research and Advisory Center (CEAS) in

Ecuador for community participative screening of

exposure and human health impacts of agricultural

chemicals, encompasses three elements: occupational

identification; worker exposure/protection conditions;

and clinical indicators of health impacts of chemicals.

We used a scoring system previously designed to

measure compliance with international worker protec-

tion norms in different work sections of a productive

unit, as defined by international standards for cut

flower production.28 We established a set of items

related to specific protection gear and norms as

follows: 8 items for basic measures for all sections;

adding 4 specific measures for the crop area; 3 specific

items for cold room workers; and 4 additional items

for postharvest workers. Each protection item fulfill-

ment was evaluated on a three point scale (0 for no

application of norms; 1 for regular application and 2

Figure 5 Flowers are grouped into bouquets as requested

by the destination country.

Figure 6 The greenhouse: one of multiple locations of low

dose chronic exposure in floriculture. Flower plantation

workers breathe, touch and ingest chemical residuals.
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for complete application), and the section’s score was

established by adding the item scores. For example, the

possible results for a ‘crop’ worker could range from an

excellent compliance level of 24 points (8 general

itemsz4 specific crop section items512 items 62) to a

minimum 0 points score, if none of the norms/gear

protections were present. In this case we combined and

rescaled the scores to range from 0—for no compliance

to protection—to 24—for full compliance to protec-

tion, such that if a worker scored 20 points then the

resulting index would be 0.83 compliance.

The health outcomes captured in the Pentox

questionnaire (listed in Table 3) include the 16 most

frequent symptoms described by occupational epide-

miological research as associated with toxicity, plus

three basic tests: hand–eye coordination, symbol–

visual integration, and recent memory.

The EpiStress questionnaire designed by Breilh,

was also used, as previously mentioned. This is a self-

administered questionnaire containing 28 items cov-

ering the following components: five items referring

to work process stressors; three items covering

domestic environmental stressors; seven items refer-

ring to tensions of basic living conditions (food,

housing, rest and recreation, transportation, and

debts); four items covering neighborhood pollution

and safety; five items accounting for affective and

family relation stressors; two items related to physical

impediments; and two items related to extreme

suffering or loss of a family member. The items are

measured on a Likert scale scored as: 05never;

15seldom; 25many times; and 35always. To avoid

endpoint bias, we recoded each item using the

Goldberg dichotomous scale, 0 or 150 (low) and 2

or 351 (high), which yields a 0–28 point score range.

Details about content validity and consistency of this

instrument have been previously reported.29,30

Clinical tests administered by specialized personnel

included standard blood tests and AChE. After an

overnight fasting period, venous blood samples were

collected in the appropriate containers and the tubes

maintained in cold chain and preserved until reaching

the laboratory within four hours. Blood samples were

analyzed by the Universidad Central del Ecuador

Medical School’s Biomedical Laboratory, a certified

laboratory. The AChE readings were processed by

the Test Mate ChE from EQM Research Inc., a field

kit that measures erythrocyte AChE and hemoglobin

for correcting the readings for hemoglobin (Hg),

which varies with altitude.

Defining Cases of Pesticide Poisoning and Test

Batteries

Case Definitions. To develop a case definition we

defined effective dose both with and without Epi-

Stress (in order to evaluate the importance of the

stress factor in the manifestation of toxicity, as noted

previously). If the sensitivity and specificity were

almost the same with and without considering the

impact of stressors, that would mean that the stress

factor does not intervene significantly in determining

outcome, as defined by our various case definitions.

We defined health effects using either a blood test

marker of a systemic effect or NES2 as a marker of

neurotoxicity. As these case definitions were used to

assess sensitivity and specificity of batteries, we were

careful not to include the same tests or symptoms in

the case definition as were used in screening tests, in

order to avoid a tautology.

Batteries of Screening Tests. Several tests, more

specifically several tests based on the Pentox ques-

tionnaire symptoms plus or minus simple low-cost

blood tests (including AChE), were defined to assess

how sensitive and specific they are in identifying a

‘case.’ A series of tests, selected from the Neuro-

behavioural Evaluation System (NES2),31 which has

been used in other studies,32–34 was used as well.

Administered by personnel trained to assess neuro-

logical function in pesticide-exposed participants, we

selected finger tapping (to measure motor speed and

control), reaction time (to evaluate response speed),

hand–eye coordination, pattern memory score (to test

visual nonverbal memory), and symbol digit latency

(to measure coding and complex functioning). These

tests were selected based on their sensitivity to

chronic pesticide exposure documented in previous

studies,35 and to minimize cultural barriers, as this

system was originally designed for use in northern,

English-speaking countries. Also, although some

experts promote NES2 as the measure to identify

cases of chronic pesticide exposure,31 it is not clear

whether the NES2 is adequate for identifying cases in

which the predominant impact is on organ systems

other than the neurological system. This gave us the

additional incentive to include NES2 in this study.

Statistical Analysis
First, descriptive analyses were performed on the

questionnaire items with respect to exposures (includ-

ing occupation and work practices (Step 4a), protec-

tion index (Step 4b), and EpiStress results (Step 4c) as

well as symptoms and their relationship with exposure.

To reduce the large number of tests and symptoms in

the various instruments used to a smaller number of

meaningful factors, we performed factor analysis (Step

4d). As presented in details in the Results section, three

distinct factors were identified and three sets of factor

scores were obtained for each individual as a linear

combination of all intervening variables weighted by

their factor loadings.

Next we performed a logistic regression analysis

using the factor scores as independent variables to

Breilh et al. Chronic pesticide poisoning in Ecuadorean floriculture workers
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ascertain which set of scores were more likely to be

associated with ‘higher versus lower exposure’ (dicho-

tomous dependent variable), if any (Step 4e). To

ascertain the impact of including the EpiStress

measure, we considered definitions both with and

without this measure.

Following the previous exploratory analyses, next we

used canonical discriminant analysis (Step 4f), which

allows identifying a set of variables that optimally

separates or distinguishes two groups. Based on our

premise that we are observing two distinct groups of

workers given their level of exposure, we aimed to

identify which set of tests and symptoms (i.e., battery of

tests), if any, best discriminates between higher and

lower exposed groups.

Finally, we addressed the main research question

by calculating the sensitivity and specificity of various

combinations of low-cost tests (or various definitions

of a positive Pentox test plus or minus low-cost blood

tests) as potential screening tests for the various case

definitions described using the Fisher’s exact test

(Step 5).

All analyses were performed using SAS 9.1.3.

Results
As noted above, after removing 37 cases (23.1%) with

medical conditions or with tobacco and alcohol use, a

total of 123 floriculture workers from two floriculture

plantations between the ages of 18–69 were included in

the study. Twenty-three participants met the definition

of ‘high exposure’ including all components. As shown

in Table 1, the average age of workers was 32.6

(SD59.7 years). The majority of the study population

was male (64.2%), and 60.2% of workers had only a

primary school education. The most recent occupa-

tional profiles of the workers indicated that 48.8%

worked in rose cultivation; 24% worked in post-

harvest, cold-room, and packaging; 7.3% worked in

fumigation; 4.1% worked in fertilization, irrigation,

and compost; 11.4% worked in service and main-

tenance; and 4.1% worked in administration. The

average amount of time spent working in floricul-

ture was 8.8 (SD55.1 years); 46.3% of workers

reported living near a factory or chemical store-

house where chemicals and insecticides were kept

and applied, and 35.3% practiced domestic agricul-

ture using pesticides.

When asked to report pesticides used on the farm,

about 40% of workers were able to give a specific

answer, and only about 13% of workers were able to

respond when asked which label of pesticides they most

frequently use. Of the respondents, 14% reported using

OP (Orthene, Basudin, Malathion, Perfekthion); 27.5%

reported using carbamates (Furadan, Methavin, Man-

cozeb, Methomyl, Methoicarb); and 17.6% reported

using other known carcinogens (Mirage [glyphosate],

Captan [thiophthalimide], Rovral [Iprodione], Mavrik

[Sulfuron]). Of 16 respondents, 81.3% reported using

toxic label pesticides, which also include OP, carba-

mate compounds, and pesticides with other toxic

mechanisms.

We summarized the level of protection in an index

ranging from 0 for no protection to 1 for full protection;

Table 1 shows that the protection index tended to be

quite low for jobs considered to be high exposure such

as post-harvest, fumigation, and fertilization (0.5, 0.6,

and 0.6 respectively). In Table 1 we also report the

values of EpiStress by occupation. The overall mean

value for all occupations was 8.4 (SD54.6).

The factor analysis on all tests and symptoms

identified three main factors explaining more than

59% of the total variance. Based on the factor

Table 1 Workers’ baseline information by type of job

Cultivation Post Harvest Fumigation Fertilization Maintenance Administration Total

Respondents (%) 60 (48.8) 30 (24.0) 9 (7.3) 5 (4.1) 14 (11.4) 5 (4.1) 123 (100)

Age (SD) 32.8 (8.1) 29.9 (8.4) 26.8 (9.4) 28.6 (8.8) 40.2 (14.4) 40.2 (14.4) 32.6 (9.7)
Years in Floriculture (SD) 9.9 (5.0) 7.5 (5.0) 4.2 (4.3) 8.3 (4.6) 9.2 (5.1) 10.9 (2.9) 8.8 (5.1)

Gender %
Female 30.0 66.7 11.1 20.0 7.1 60.0 35.8
Male 70.0 33.3 88.9 80.0 92.9 40.0 64.2

Education %
none 0.0 3.3 0.0 0.0 7.1 0.0 1.6
primary 76.7 43.3 44.4 60.0 57.1 0.0 60.2
secondary 21.7 40.0 33.3 40.0 35.7 20.0 29.3
higher 1.7 13.3 22.2 0.0 0.0 80.0 8.9

Practice agriculture
using pesticides % (n)

35.1 (20.0) 39.3 (11.0) 25.0 (2.0) 40.0 (2.0) 46.2 (6.0) 0.0 –. 35.3 (41.0)

Live close to chemical
storage % (n)

58.3 (35.0) 44.8 (13.0) 33.3 (3.0) 0.0 –. 38.5 (5.0) 0.0 –. 46.3 (56.0)

Protection index 0.8 (0.1) 0.5 (0.3) 0.6 (0.2) 0.6 (0.2) 0.5 (0.2) 0.3 (0.2) 0.6 (0.2)
EpiStress (SD) 8.9 (4.3) 7.3 (5.6) 8.7 (4.2) 8.6 (4.6) 8.3 (4.6) 8.0 (2.2) 8.4 (4.6)
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loadings shown in Table 2, we found that all

symptoms loaded on the first factor, some blood tests

(of the hematopoietic-hepatic-renal systems) load on

the second factor, and other blood tests (white blood

cells) load on the third factor. Most of the NES2 tests

as well as the AChE test loaded poorly on all three

factors.

Next we assessed how these three ‘health effect’

factors are related to exposure groups; in other words,

which of these three factors was more likely to be

associated with higher exposure. A logistic regression

of our full exposure group definition, which includes

the protection index and the EpiStress index, on the

three factor scores (factor scores for each individual

can be seen as index values representing a linear

combination of tests or symptoms weighted by their

respective factor loadings) shows only the first set of

factor scores as being significant (P,0.05; Hosmer and

Lemeshow goodness-of-fit test P.0.67). High values

of factor scores that were mostly weighted by self-

reported symptoms were more than 2.2 times (95%CI

1.4–3.7) as likely to be associated with individuals with

higher and more prolonged exposure who are under-

protected and exposed to higher levels of environ-

mental stressors. The other two sets of factor scores

were not significant. We did a similar logistic regres-

sion analysis using an exposure definition that did not

include EpiStress and found that none of the health

effect factors were more likely to be associated with

exposure. The canonical discriminant analysis also

confirmed the existence of two distinct exposure

groups defined including EpiStress; it also showed

that the tests that most contributed to the separation

of the groups (Mahalanobis distance for squared

distance between the group centers or means is highly

significant; P,0.001) were blood tests (hemoglobin

and hematocrit, with monocytes, lympohcytes, and

leukocytes playing a much smaller role) and symptoms

(data available on request). A canonical discriminant

analysis of the exposed groups without EpiStress

did not produce a function capable of significantly

separating the two groups. As such, we decided to keep

EpiStress in the case definition of an individual who

may be suffering health effects attributable to occupa-

tional and environmental exposures.

The results for the 23 participants who met this

definition of ‘highly exposed’ were compared to those

of the 100 subjects qualified as with low exposure.

Table 3 reports symptoms for workers in cultivation,

post-harvest packaging or cold room and fumigation

jobs with more than four years in floriculture, who

had a low protection index (index ,0.9) and had high

stressor levels (EpiStress .10) compared to those

with lower exposure. More than 50% of respondents

reported ear, nose, and throat irritation, irritability,

and headaches (83.6%, 64.2%, and 59.3%, respec-

tively). Half of the 16 symptoms reported show a

significantly higher incidence in the higher exposed

group; these were irritability, headaches, salivation,

weakness, stomach cramps, decreased ability in

hands, diarrhea, and lightheadedness (P ,0.05).

Table 3 also shows a significantly higher reporting

of multiple symptoms in the higher exposed group

(with EpiStress). For instance, 78.3% of the high-

er exposed workers, versus 31% of the lower ex-

posed workers reported seven symptoms or more

(P,0.0001). Close to 50% of respondents reported six

symptoms or more.

The results of the clinical test batteries, as shown in

Table 4, actually revealed fewer workers in the higher

risk group showing abnormal AChE than in the

lower risk group. However, higher exposed workers

showed almost consistently more abnormal results

overall in virtually all tests and batteries of tests

compared to the low-exposure group. Some batteries

detected highly significant differences such as a

positive screen defined as ‘abnormal AChE or at

Table 2 Factor loadings of all tests and symptoms

Tests and Symptoms Factor1 Factor2 Factor3

Decreased ability in hands 0.70
Numbness 0.65
Weakness 0.65
Hand Tremors 0.61
Sweating 0.56
Dizziness 0.55
Nausea 0.52
Headaches 0.49
Irritable 0.46
Shortness of breath 0.46
Stomach cramps 0.45
Fainting 0.44
Diarrhea 0.40
Skin Irritation 0.38
Eyes, nose & throat irritation 0.37
Salivation 0.35
AChE value *
Basophils *
Hematocrit 0.93
Hb level 0.93
Red Blood Cells 0.90
Creatinine 0.47
Liver enzyme test: AST 0.40
Liver enzyme test: ALT 0.34
Finger taps *
Hand eye coordination *
Symbol digit latency *
Reaction time *
Leukocytes values 0.96
Neutrophil counts 0.81
Monocytes 0.64
Lymphocytes 0.55
Pattern Memory 0.28

* Low factor loadings on all three factors
In order to assess whether there is a natural grouping of tests
and symptoms for the whole sample, we performed a factor
analysis that included all such tests and symptoms on all study
participants. As presented in details in the results section, three
distinct factors were identified and three sets of factor scores
were obtained for each individual as a linear combination of all
intervening variables weighted by their factor loadings.
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least one positive blood test or seven or more

symptoms (P,0.01).’ A definition of a positive screen

consisting of Pentox alone with a cutoff point set at

the median value was found for 74% of the higher-

exposed group as opposed to 38% of the lower-

exposed group (P,0.002). The addition of blood tests

to the Pentox screening maintained a significant

difference between the two groups.

The first two columns in Table 5 show the

sensitivity and specificity of various tests and test

combinations in detecting ‘heavily exposed’ versus

lower exposure, both including and excluding Epi-

Stress. This again revealed the wisdom of including

EpiStress in the exposure definition component of the

case definition. The next four columns assess the

sensitivity and specificity of the various test batteries

in detecting a case of chronic pesticide poisoning

when we consider alternate definitions of a ‘case’ as

previously defined (we did not report values when the

same tests were present both in the screening battery

and in the case definition, to avoid tautologies). It

can be seen that AChE alone had consistently low

sensitivity across the definitions of cases and only

modest specificity. In contrast, positive NES2 had

high specificity but low sensitivity.

In considering a battery of various symptoms alone

we see higher sensitivity and lower specificity for all

case definitions when fewer symptoms are required

for a positive screen. However, we also found a

higher sensitivity in case definitions that include

EpiStress. When we consider batteries that include at

least one positive NES2 test together with various

symptoms, we observe a positive screen with even

fewer symptoms. Again, including EpiStress in the

case definitions improved the sensitivity and specifi-

city of the tests. We also assessed the sensitivity and

specificity of the Pentox instrument as a whole,

defining abnormality at either the 25th or 50th

percentile to ascertain which gave better results and

how this compared to a positive screen defined by

number of symptoms and/or blood tests. Table 5

shows that the only definitions of a positive screen

that exceed 80% sensitivity and have at least 55%

specificity are ‘7 or more symptoms,’ ‘Pentox at

greater than the 50th percentile,’ or ‘Pentox greater

than 50% or (positive AChE and at least one positive

blood test)’—the latter having about the same

sensitivity but a slightly lower specificity.

For additional clarity, we have summarized our

analyses and findings based on our objectives in

Table 3 Reported Symptoms by Exposure Group Including Protection Index and EpiStress Index

Self-reported
symptom in past week

% Reporting
Symptom

% those at
High Risk* Reporting
Symptom (n523)

% those at Lower
Risk Reporting
Symptom (n5100) p,

Ear, nose and throat irritation 83.6 91.3 81.8 0.360
Irritability 64.2 87.0 59.0 0.015
Headaches 59.3 87.0 53.0 0.004
Salivation 43.1 65.2 38.0 0.021
Weakness 40.7 73.9 33.0 0.001
Sweating 38.2 39.1 38.0 1.000
Stomach cramps 36.6 65.2 30.0 0.003
Dizziness 36.1 43.5 34.3 0.472
Hand Tremmors 35.0 52.2 31.0 0.088
Skin Irritation 33.3 47.8 30.0 0.140
Numbness 30.1 43.5 27.0 0.136
Decreased ability in hands 30.1 52.2 25.0 0.021
Shortness of breath 26.8 26.1 27.0 1.000
Nausea 19.5 30.4 17.0 0.153
Diarreah 12.3 26.1 9.1 0.037
Fainting 3.3 13.0 1.0 0.021

Reporting several symptoms
At least 2 symptoms 91.9 100.0 90.0 0.206
At least 3 symptoms 79.7 95.7 76.0 0.043
At least 4 symptoms 69.1 91.3 64.0 0.011
At least 5 symptoms 56.1 82.6 50.0 0.005
At least 6 symptoms 47.2 78.3 40.0 0.001
At least 7 symptoms 39.8 78.3 31.0 0.000
At least 9 symptoms 23.8 43.5 19.0 0.026

Notes:
Protection index ,0.9 considered poor protection.
Stress index: EpiStress .10.
p-value based on Fisher’s exact test for association between exposure and presence of symptom.
Null hypothesis: Higher- and lower-exposure individuals are equally likely to report a symptom.
*Higher exposure group5Individuals in cultivation, post-harvest packaging and cold room, and fumigation jobs AND have more than 4
years in floriculture, AND have low protection index (,0.9) AND have high stress level (EpiStress.10).
Mahalanobis distance for squared distance between the group centers or means is highly significant; p,0.001.
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Table 6, indicating the statistical methods used as

well in Figure 1.

Discussion and conclusion
The need to reduce pesticide exposure is widely

accepted,36,37 yet one of the challenges has been

difficulty in measuring both exposures and effects, let

alone relating effects to exposures, or even more

importantly, having a low-cost screening test that can

be applied in the field to screen for toxic effects

from pesticide exposure.38 Our study was conducted

toward the goal of better detection and monitoring of

chronic pesticide poisoning, and ultimately exposure

reduction and elimination. While the work of

SALTRA has contributed considerably to this goal,

the fact remains that much illness in agricultural

communities that may be linked to pesticide exposure

remains undiagnosed as such.

As we recognized that defining a case in this study

using some of the same tests included in a possible

screening battery would suggest a possible tautology,

we strictly avoided this approach. Rather, as there is no

internationally accepted gold standard, and as the

literature indicates that persistent low-dose pesti-

cide exposure is associated with hematological,39

immunological,39 renal,39 and hepatic effects,39 among

others,40 not merely neurotoxic effects,41 we decided to

ascertain how various tests perform with different

definitions of ‘a case.’ The finding of significant

differences in health profiles by exposure groups of

floriculture workers presents a convincing reason for

pursuing this line of research. Factor analysis suggested

Table 4 Test Results by Exposure Group Including Protection Index and Stress Index

Test
% having
positive test

% those at High
Risk* Having Positive
Test (n523)

% those at Lower
Risk Having Positive
Ttest (n5100) p,

AChE 22.8 13.0 25.0 0.278
At least one NES2 tests 66.7 78.3 64.0 0.227
At least two NES2 tests 40.7 43.5 40.0 0.816
At least three NES2 tests 17.9 17.4 18.0 1.000
Blood tests
AST 25.2 21.7 26.0 0.794
ALT 11.4 17.4 10.0 0.295
Hemoglobin 15.4 21.7 14.0 0.349
WBC 11.4 17.4 10.0 0.295
Creatinine 1.6 0.0 2.0 n/a

At least 1 positive blood test 48.8 56.5 53.0 0.490

Positive AChE or at least 1 positive
blood test, and 7z symptoms

15.4 30.4 12.0 0.050

Positive AChE or at least 1 positive
blood test or 7z symptoms

58.5 82.6 53 0.010

PENTOX 5.25th percentile cutoff 70.7 87.0 67.0 0.075
PENTOX 5.50th percentile cutoff 44.7 73.9 38.0 0.002

PENTOX5.25th % or (positive ACHE and
at least one positive blood test)

74.0 91.3 70.0 0.037

PENTOX5.50th % or (positive ACHE and
at least one positive blood test)

49.6 78.3 43.0 0.003

PENTOX5.25th % or positive ACHE 77.2 91.3 74.0 0.099
PENTOX5.50th % or positive ACHE 56.1 78.3 51.0 0.020

PENTOX5.25th % and at least
one positive blood test

33.33 47.8 30.0 0.140

PENTOX5.25th % or at least one
positive blood test

86.18 95.7 84.0 0.192

PENTOX5.50th % and at least one
positive blood test

21.14 39.1 17.0 0.026

PENTOX5.50th % or at least one
positive blood test

72.36 91.3 68.0 0.036

Notes:
Protection index ,0.9 considered poor protection.
Stress index: EpiStress .10.
p-value based on Fisher’s exact test for association between exposure and positive test battery.
Null hypothesis: Highe-r and lower-exposure individuals are equally likely to have a positive test.
*Higher exposure group5Individuals in cultivation, post-harvest packaging and cold room, and fumigation jobs AND have more
than 4 years in floriculture, AND have low protection index (,0.9) AND have high stress level (EpiStress.10).
Mahalanobis distance for squared distance between the group centers or means is highly significant; p,0.001.
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three factors, explaining more than 59% of the total

variance. The addition of another factor did not

significantly increase the total variance explained,

suggesting that three factors are sufficient. The fact

that we find that there are different manifestations of

pesticide poisoning—i.e., symptoms (possibly reflecting

what is commonly thought of as acute pesticide

poisoning, but possibly reflecting chronic cumulative

toxicity underlying these symptoms); systemic toxicity

with abnormal hematological and hepatic function; and

abnormal leukocytic profile—is not surprising, given

the vast variety of different chemicals in use and

individual variations.

We present our data with case definitions that both

include and exclude a measure of concomitant

exposures. Which is the ‘correct’ way to proceed is

a policy not a scientific question, and one based on

the purpose of the exercise. Specifically, if the goal

would be identifying ‘strictly occupational pesticide

poisoning’ (e.g., for purposes of determining causa-

tion in jurisdictions where workers’ compensation

requires that kind of a distinction), rather than a case

of chronic pesticide poisoning for prevention pur-

poses that takes into account different concurrent

exposures and individual susceptibility, one would

not include EpiStress. With the goal of prevention of

deleterious effects in agricultural workers, we felt that

taking individual variability and concomitant stres-

sors into account is indeed appropriate.

Others have noted that a single measurement

of AChE is inadequate to detect chronic pesticide

poisoning;19,42 our findings support this and lead to

the conclusion that the conventional procedure many

employers and even health services use of a single

measurement of AChE is insufficient and a new

screening battery is needed. We have found that

including EpiStress, (or an equivalent tool, to include

otherwise confounding domestic exposures), and using

a simple instrument such as Pentox, in addition to

basic low-cost blood tests and the single AChE

measure, can improve sensitivity and specificity of

screening, and is worth further exploration. Because

we strictly avoided defining ‘a case’ of chronic

pesticide exposure using any of the tests that are

included in any of the batteries examined, the

sensitivities and specificities reported in the tables are

quite conservative.

In the context of global social and economic forces,

the increasing trend in pesticide use and hazardous

productive technologies is indeed well-documented.43

As noted by SALTRA (Wesseling et al.46), building

capacity of occupational health personnel, strength-

ening university-community partnerships, and raising

political awareness, are all crucial, as is strengthening

epidemiological surveillance. Recognizing this, the

parties involved in this study have been actively

involved in creating a community of practice capable

of taking on this challenge in Ecuador in partnership

with broader networks.44 While it is necessary to

more systematically address the determinant pro-

cesses that are responsible for pesticide poisoning, as

well as the options for sustainable and safe produc-

tion, more study is also specifically warranted on the

long-term effects from exposure to various classes of

pesticides in low doses and low-cost health indicators

and biomarkers that suggest such ill health effects

before adverse changes occur.

We recognize the relatively small sample size with

the inclusion of multiple variables related to expo-

sure, laboratory markers, and self-reported question-

naires as limitations of the study. However, this study

constitutes an important contribution to developing a

low-cost tool to detect chronic pesticide poisoning

using an integrated approach that the multifactorial

problem of pesticide poisoning requires. While more

research is warranted we believe that a simple low-

cost test battery, including Pentox, should be

considered in the screening protocols.
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