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ABSTRACT

Objective: To develop an inexpensive and easily adaptable semi-quantitative exposure assessment
method to characterize exposure to pesticide in applicators and re-entry farmers and farm workers in
Ethiopia.

Methods: Two specific semi-quantitative exposure algorithms for pesticides applicators and re-entry
workers were developed and applied to 601 farm workers employed in 3 distinctly different farm-
ing systems [small-scale irrigated, large-scale greenhouses (LSGH), and large-scale open (LSO)] in
Ethiopia. The algorithm for applicators was based on exposure-modifying factors including applica-
tion methods, farm layout (open or closed), pesticide mixing conditions, cleaning of spraying equip-
ment, intensity of pesticide application per day, utilization of personal protective equipment (PPE),
personal hygienic behavior, annual frequency of application, and duration of employment at the farm.
The algorithm for re-entry work was based on an expert-based re-entry exposure intensity score,
utilization of PPE, personal hygienic behavior, annual frequency of re-entry work, and duration of
employment at the farm.

Results: The algorithms allowed estimation of daily, annual and cumulative lifetime exposure for
applicators, and re-entry workers by farming system, by gender, and by age group. For all metrics,
highest exposures occurred in LSGH for both applicators and female re-entry workers. For male
re-entry workers, highest cumulative exposure occurred in LSO farms. Female re-entry workers
appeared to be higher exposed on a daily or annual basis than male re-entry workers, but their
cumulative exposures were similar due to the fact that on average males had longer tenure. Factors
related to intensity of exposure (like application method and farm layout) were indicated as the
main driving factors for estimated potential exposure. Use of personal protection, hygienic behav-
ior, and duration of employment in surveyed farm workers contributed less to the contrast in expo-
sure estimates.
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Conclusions: This study indicated that farmers’ and farm workers’ exposure to pesticides can be inex-
pensively characterized, ranked, and classified. Our method could be extended to assess exposure to
specific active ingredients provided that detailed information on pesticides used is available. The result-
ing exposure estimates will consequently be used in occupational epidemiology studies in Ethiopia and

other similar countries with few resources.
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INTRODUCTION

In Ethiopia, 85% of the labor force is employed in the
agricultural sector contributing 46% of the country’s
gross domestic product (Ethiopian Economy Profile,
2015). Due to the introduction and evolving new
farming systems such as greenhouses and small-scale
irrigation schemes, there has been an almost 3-fold
increase in pesticides import (from 1440 to 4240 ton
in, respectively, 2001 and 2010) in Ethiopia (Ministry
of Agriculture, 2011). Though pesticides are vital in
order to minimize production loss due to pests and
plant diseases, they could be hazardous to health for
non-target species including human beings (Bolognesi
and Merlo, 2011).

Most pesticides can readily be absorbed through
the skin, ingested, or inhaled and can produce diverse
health effects ranging from acute poisoning to chronic
health effects such as respiratory, neurological, and
reproductive/developmental health effects (Steenland
et al., 2000; Thudiyil et al., 2008; Fieten et al., 2009;
Naidoo et al,, 2011).

In studies of health effects from occupational expo-
sure to pesticides, collection and analyses of personal
samples for every individual in a study are often not
feasible due to high cost (Arbuckle et al., 2002). This is
even more pertinent in low- and middle-income coun-
tries where funds for field research are limited. In the
absence of personal monitoring results, investigators
may either use work histories, expert assessments, self-
reported exposures, or by applying crop, job, or task
exposure matrices (London and Myers, 1998; Dick
etal,2010).

A semi-quantitative pesticide exposure algorithm
developed for the Agricultural Health Study (AHS)
(Dosemeci et al, 2002) has been extensively used
and evaluated by different field monitoring studies.
Those evaluations showed that estimated values using
the algorithm had appreciable correlation with post-
application urinary concentration of pesticide bio-
markers (Coble et al., 2005; Acquavella et al., 2006).

Estimated values were also significantly predictive of
dermal exposure (Hines et al., 2008) and correlated
with post-application urine concentration, estimated
hand and body loading, and also air concentrations
(Thomas et al,, 2010). This algorithm however was
not developed for contemporary situations in low-
and middle-income countries where farming sys-
tems and pesticide-related practices could be rather
different.

The aim of this article was to develop an inexpen-
sive and easily adaptable semi-quantitative exposure
assessment method for pesticide applicators and
re-entry farm workers. We describe the developed
algorithms and present the pesticide exposure dis-
tributions for 601 farmers and farm workers and
compare the differences between farming systems,
between male and female farmers and farm workers,
and between age groups . In addition, we identify what
the main drivers of the resulting semi-quantitative
exposure metrics are.

MATERIALS AND METHODS
A cross-sectional study was conducted in the cen-
tral eastern part of Ethiopia among a group of 601
farmers and farm workers comprising 256 pesti-
cide applicators and 34S re-entry workers. Re-entry
workers are workers who are exposed to pesticides
indirectly via entering treated fields after hours or
days depending on the farming system and/or crop
type (e.g. harvesters and pest assessors) or those
who handle the farm produce every day (e.g. pack-
ing and transport workers). Details of the population
and selection procedures can be found elsewhere
(Negatu et al., 2016). In brief, we aimed to include all
applicators and a randomly chosen subset of re-entry
workers from farms randomly selected from the
three main commercial farming systems [large-scale
greenhouses (LSGH), small-scale irrigated farms
(SSIF), and large-scale open farms (LSOF)]. Two
LSGH were selected randomly from two clusters of



greenhouses in the study area. For LSOF, four farm
units were randomly selected from nine units from
two big farms which are under the umbrella of Upper
Awash Agro-Industry Enterprise (UAAIE). In SSIF,
a random selection was taken of S primary farmers’
cooperatives out of 69 primary cooperatives, which
were all under Meki-Batu vegetables and fruit grow-
ers’ cooperatives union. Study subjects were selected
if they had been working on the selected farms for
the past 12 months preceding the study period, and
participation was on voluntary and anonymous basis
after verbal informed consent was obtained from the
participants.

A pretested structured questionnaire with closed
and open-ended questions was administered to obtain
the following information:

1. Socio-demographic characteristics (e.g.
gender and age);

2. Pesticide exposure-related factors (e.g. job
title, application methods, the presence of
pesticide mixing, the presence of indoor
application, cleaning of equipment, total
amount of pesticides used in kilogram and
liter (kg +1) of pesticide used per day, num-
ber of working days per year, and duration of
employment);

3. Personal protection and hygienic behavior-
related factors (i.e. use of personal protective
equipment (PPE), replacement of PPE,
washing, and bathing after pesticide-related

work).
Development of semi-quantitative exposure
assessment algorithms
Applicator algorithm

The applicators algorithm was adapted from the semi-
quantitative approach for estimating exposure to
pesticides developed for the AHS (Dosemeci et al,
2002). The algorithm consisted of three factors: pes-
ticide exposure intensity, personal protection and
hygienic behavior, and frequency of applications com-
bined with number of years workings as an applica-
tor. Values for each of the exposure-modifying factors
were assigned based on data collected through the sur-
vey questionnaire, published in the literature or based
on expert judgments.
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Cumulative applicator exposure
The exposure algorithm to estimate cumulative expo-
sure to pesticides for applicators consisted of three
parts: pesticide exposure intensity, pesticide expo-
sure (personal) protection, and pesticide exposure
duration.

The intensity part of the algorithm consists of three
exposure-modifying variables: application method,
presence of pesticide mixing, and cleaning of spray
equipment. The intensity score for each of the three
exposure-modifying factors was further adjusted by
indoor/outdoor application and closed/open mixing
system. The sum of the factor weights (adjusted scores
of the three intensity-related variables) were conse-
quently multiplied with average pesticide use (kg + 1)
per applicator per day (papa). Personal exposure pro-
tection factors, i.e. use of PPE and hygienic behavior,
were included in the algorithm in a multiplicative way
with weighting factors <1 (no PPE use) depending
on the assumed effectiveness of the PPE and hygienic
behavior configurations. To arrive at a cumulative esti-
mate, this score was further multiplied with pesticide
exposure duration factors, i.e. frequency of applica-
tions per year and number of years employed as an
applicator.

Cumulative applicator exposure toa mixture of pesticides
=| {[(application method X indoor / outdoor application)
+(mixing of pesticides xenclosed / open tank)
+(cleaning of spray equipment)]}
x{amount pesticide used per application day (kg + 1) / applicator} |
X | {use of PPE X replacement of PPE} x {hygienic measures}|

x | {application days per year} x {duration of employment} |

Each of the variables in the algorithm weighting
factors (see Supplementary Annex 1 is available at
Annals of Occupational Hygiene online) was based
on results of previously published data, but (if nec-
essary) appropriate modifications were made using
expert judgment and/or information collected in the
questionnaire.

Weighting factors for application methods and
mixing status from the AHS were used (Coble et al.,
2011), but modifications were made provided the
different farming systems in Ethiopia. For example,
since most farm workers used more than one appli-
cation method, additional weighting values were
incorporated [i.e. (1) for using that specific applica-
tion method always (1.00), most of the time (0.75),
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half of the time (0.5), and sometimes (0.25), respec-
tively] for specific usage of a particular application
method.

In case of assignment of weighting scores for farm
layout (i.e. indoor/outdoor pesticide spraying), the
occupational pesticide handler unit exposure surro-
gates reference table (US Environmental Protection
Agency, 2013) was used. Exact scores provided by
Dosemeci et al. (2002) were used as weights for
mixing equipment (using closed versus open mix-
ing tank) and cleaning of spraying equipment. The
score of cleaning of spraying equipment was multi-
plied by the corresponding frequency of equipment
cleaning [i.e. (1) for always cleaning an application
equipment, most of the time (0.75), half of the time
(0.5), and sometimes (0.25), respectively] to arrive
at an exposure estimate for cleaning of spraying
equipment.

Weighted values for other exposure-modifying
variables (i.e. use of PPE, replacement of PPE, and
hygienic behavior) were also adapted from Dosemeci
et al. (2002). Modifications were made based on the
contemporary exposure situations in the studied farm-
ing systems in Ethiopia. For example, the maximum
reported replacement PPE (two times a year) in our
study was assigned the lowest weighting score (1.1)
similar to Dosemeci et al. (2002). Also, for replace-
ment of old PPE, a weighting score of 1.15 was incor-
porated for those farmers who reported replacement
of PPE once a year because only weighting factors for
substitution of PPEs twice a year (1.1) and until worn
out without substitution (1.2) were available from
Dosemeci et al. (2002).

Even though studies have indicated a wide range
of protection for rubber gloves 27% (Nigg et al.,
1986), 40% (Dosemeci et al., 2002), 50% (de Cock
et al., 1998), and 60% (Coble et al, 2011). We
assigned a default value of 35% to rubber gloves
as a protection factor, due to variation in type of
gloves used (i.e. material and thickness), chemical
class of pesticide applied, and difference in knowl-
edge of proper PPE usage which can possibly affect
potential protection factors. Additionally, a pro-
tection factor of 10% was assigned for each of the
PPE items used (i.e. overall, boots, respirators, and
goggles) with a maximum protection reduction of
40%. Using a hat/handkerchief/boots alone was
not considered to be effective PPE (Ohayo-Mitoko

et al., 1999), so it was assigned a protection factor
0f 0%. The score of using a particular PPE or a com-
bination of PPE was calculated by dividing the cor-
responding percentile value of the protection factor
by 100 then subtracting the result from 1 (e.g. 45%
protection corresponds to a score of 0.55 to be used
in the algorithm).

Expert judgment based on payroll documents
and interviews with farm workers was used to
assign, respectively, 150 and 250 times per year as
an average frequency (days) of application in the
two LSGH farms where one was a cuttings and the
other a rose farm. Similarly, an average application
of 295 times a year was used as a default value in all
LSOF farms, since all farm workers were employed
by UAAIE.

Total pesticide use per day per applicator (kg + 1)
was estimated to be, respectively, 1.24 and 2.93 (kg +
1) in the two LSGH farms based on total annual pesti-
cide use collected from farm records, estimated annual
number of application days, and number of applica-
tors. Similarly, for the two LSOF farms, this amounted
t0 2.39 (kg +1). In the case of SSIF, the actual reported
amount of pesticide use was used. This value ranged
from 0.32 to 3.58 (kg +1).

Duration of employment was defined as number of
years worked as an applicator or re-entry worker and
was based on what was reported by individual farmers
and farm workers in the questionnaire.

Average annual applicator exposure
Applicators” annual exposure was estimated by divid-
ing the estimated cumulative exposure by the number
of working years as an applicator.

Average daily applicator exposure
Applicators exposure per day was estimated by divid-
ing the estimated annual exposure by the number of
application days per year.

Re-entry worker algorithm

Cumulative re-entry exposure
The algorithm to estimate cumulative exposure to
pesticides for re-entry farm workers was similarly
structured and consisted of the following factors: pes-
ticide exposure intensity (i.e. re-entry exposure inten-
sity score), pesticide exposure protection (i.e. use of



personal protection and hygienic behavior), and pes-
ticide exposure duration (i.e. years of employment as
a re-entry worker).

The re-entry exposure intensity score was
assigned in two steps. In a first step, weights were
given for each of the re-entry tasks (activities).
Re-entry workers (i.e. pest assessors and harvest-
ers) who usually enter/work in pesticide-treated
fields were assigned a high potential exposure
(Jurewicz et al., 2009). Those who usually do not
enter the sprayed fields directly, but might only be
in contact with pesticide residues on the foliage of
treated crops (i.e. sorting and packing, rooting and
propagation, irrigation, and transport workers) or
other activities involving pesticides (i.e. packers,
storekeepers), were assigned a medium potential
exposure. Other farm workers (i.e. construction
and maintenance workers) were assigned a low
potential exposure. Weighting factors of 1, 3, and
10 were given to respectively low, medium, high
pesticide exposure based on van Wendel de Joode
et al. (2003).

In a second step, the three farming systems were
assessed for an overall potential re-entry exposure
level and given relative weights of low, medium, and
high based on expert judgment and the peer-reviewed
literature (Garreyn et al., 2008; Jurewicz et al., 2009;
Baldi et al.,, 2014). The relative ranking was based on
expert judgment of re-entry exposure-modifying situ-
ations across the three farming systems (i.e. pesticide
application rate per hectare, the usual re-entry time
after pesticide application, crop type, and closeness
of a farm) and was given similar weighting values of
1, 3, and 10 as that of weighting values of step one (i.e.
cluster of re-entry tasks) for SSIF, LSOF, and LSGH,
respectively, based on van Wendel de Joode et al
(2003).

The final re-entry exposure intensity score was
assigned by multiplying the exposure score based on
task performed by the exposure score due to work-
ing in a specific farming system. This resulted in a
re-entry exposure intensity score by task and farm
type as shown in Supplementary Annex 2 at Annals of
Occupational Hygiene online.

The final re-entry cumulative exposure estimate
was calculated by taking into account use of PPE and
hygienic behavior in combination with frequency and
duration of re-entry work:

Semi-quantitative assessment of exposure to pesticides + 673

Cumulative re - entry exposure to pesticides
=|{re - entry exposure intensity score} |
X |{use of PPE X replacement of PPE}
x{hygienic measures} |
X | {frequency of re - entry work per year}
x {duration of employment} |

Weighting values for personal protective and hygienic
behavior factors (see Supplementary Annex 3 is available
at Annals of Occupational Hygiene online) were assigned
based on similar arguments as those for applicators.
Similarly, average re-entry working frequency per
year was estimated to be 165, 250, and 295 in SSIF,
LSGH, and LSOF, respectively, based on expert judg-
ments via information obtained from payroll docu-
ments and/or interviews with farm workers. Duration
of employment (i.e. number of years worked as re-
entry worker) was based on what was reported by
individual farm workers in the questionnaire.

Average annual re-entry exposure
Re-entry exposure per year/annual exposure was
estimated by dividing estimated cumulative re-entry
exposure (CRE) by number of working years for each
of the re-entry workers.

Average daily re-entry exposure
Re-entry exposure per day was estimated by dividing
estimated annual exposure by the number of re-entry
working days per year.

DATA ANALYSIS

The collected data were computerized using Epi Data
version 3 and analyzed using Stata SE/11.0. The expo-
sure estimates appeared to be log normally distributed so
in addition to the arithmetic mean, the geometric mean
and geometric standard deviation and percentiles were
used to describe cumulative exposure (CAE and CRE),
average annual exposure [average annual applicator
exposure (AAE) and average annual re-entry exposure
(ARE)], and average daily exposure (DAE and DRE)
across the farming systems and age groups. Analyses of
variance were done to assess statistical significant differ-
ences in the six estimated exposure variables between
farming systems, gender, and age groups. Pearson cor-
relation coeflicients were used to assess correlations
among the estimated exposure variables and duration of
employment as an applicator or re-entry worker.
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RESULTS

Characteristics surveyed population

In Table 1, an overview is presented of the surveyed
farmers and farm workers. In LSOF and LSGH, the
majority of studied farmers and farm workers were
re-entry workers (72 and 81%, respectively), while
in SSIF, most of the farmers were applicators (66%).
Gender differences in tasks performed were observed
with all applicators being male, while females formed
the majority of re-entry workers (80%).

The surveyed population was relatively young with
a mean age of 27.4+ 6.7 years, which was similar across
farming systems. The average duration of employment
was 4.4 years, which was on average almost a year longer
in LSOF (5.2) compared to the duration of employ-
ment of farmers and farm workers in LSGH and SSIE.

Cumulative applicator exposure
Table 2 shows cumulative applicator exposure (CAE)
being statistically significant (P < 0.05) different across
farming systems with higher values in LSGH (23252)
than in LSOF (7745) and SSIF (2462). A 30-fold dif-
and P

ference was observed between estimated P(1 0 (%)

values (Table 3).

Semi-quantitative assessment of exposure to pesticides

Average annual applicator exposure
Statistically significant (P < 0.05) higher annual appli-
cator exposure was indicated in LSGH (7315) than
in LSOF (3505) and SSIF (484) (Table 2). A 33-fold
difference was observed between estimated values of
Py and P, (Table 3).

90)

Average daily applicator exposure

Daily applicator exposure was statistically significantly
(P < 0.05) different among farming systems with high-
est daily applicator exposure in LSGH (30) followed by
SSIF (16) and lowest in LSOF (12). A 7-fold difference
between P, and P, values was also indicated (Table 3).

The three applicator exposure variables (cumu-
lative, annual, and daily) were strongly correlated
(r = 0.71-0.86). Interestingly, number of years of
being an applicator showed a weak correlation with
cumulative exposure (r = 0.01) indicating that expo-
sure contrast is mostly driven by the intensity compo-

nent of the algorithm (Table ).

Cumulative re-entry exposure
CRE was similar for male (21581) and female
(22936) re-entry workers. Female re-entry workers

Table 1. Socio-demographic and exposure characteristics of the surveyed population.

Variables Total (n=601)  LSOF (n=134) SSIF (n=258)  LSGH (n=209)
Number (%) Number (%) Number (%) Number (%)
Exposure type
Applicator 256 (42.60) 26 (19.40) 171 (66.28) 59 (28.23)
Re-entry 345 (57.40) 108 (80.60) 87 (33.72) 150 (71.77)
Sex
Male 326 (54.24) 62 (46.27) 171 (66.28) 93 (44.49)
Female 275 (45.76) 72 (53.73) 87 (33.72) 116 (55.50)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (years) 27.44 (6.67) 27.10 (6.80) 27.27 (6.50) 27.86 (6.80)
Duration of 4.44 (3.48) 5.19 (5.89) 4.62 (2.63) 3.74 (1.82)

employment (years)

SD, standard deviation.



675

Semi-quantitative assessment of exposure to pesticides

979¢ (0¢) 12 0¥SS (07) LS 2061 (61) 8% LS-TE

STee (€0) 91 108S (S1) T €10T (127) €5 0€-LT

090¥ (62) 0T £909 (0¢) 18 999¢ (9¢) €6 97T-+¢

7C0=d LTST (81) €1 S60=d 0965 (s¢) s6 SS0=d TLST #?) 9 €791
a8y

610% (6v) ¥€ 7986 (Th) 911 SIEL (€2) 65 HODST

— — TIET (z€) L8 +8¥ (L9) 1L1 ISS

£S00>d 18€¢ (15) 9¢ £S00>d 0861 (97) L £S00>d S0S¢ (o1) 9t 0S1
urrej
£S00>d LLTE (oo1) 0L — 6L8S (0oT1) SLT — S9¢T (00T1) 95T [el0L,

amsodxs [enuuy

£YESE (0¢) 17 STISE (02) LS €176 (61) 8% LS-TE

WUy TT (€0) 91 LST6T (S1) ¥ 680L (12) €S 0€-LT

TL6YT (62) 0T L861T (0¢) 18 87S8 (9¢) €6 9T—+¢

$1I0=d 17H8 (81) €1 £S00>d 189 €T (s€)se6 LS0=d 6L19 #?) 79 €791
a8y

000LT (6v) t¢ 6809¢ (Th) 911 44 %4 (€2) 65 HODST

— — €94 (2€) L8 9%C (L9) 1L1 ISS

1€0=d L06ST (15) 9¢ +S00>d LS87TT (970) L £S00>d SYLL (o1) 9t 0S1
urreq
L0=d I18S1C (oo1) 0L — 9€67T (00T1) SLT — 06LL (00T1) 95T [el0L,

amsodxs aanenun)
anfea g4 WV (%)N anfea 4 WV (%) N anfea 4 WV (%) N

SINI0M AT1)UI-1 RN

SIfI0M %huﬁ@-@h IJeuraq

sxojesridde apnsag

sdnoi3 a3e pue urrey £q sdnoaS aansodxs JuaragIp ur saqerrea L3suajur aansodxa Jo Y pajewnsy g d[qeL



Semi-quantitative assessment of exposure to pesticides

676

Jueoyrudrs A[eonsnes,
‘UBIW DPWYILIE NV

6 (0¢) 12 (44 (02) LS 61 (61) 8% LS-1¢€

€1 (c0) 91 €T (S1) T 81 (17) €5 0€-LT

91 (67) 0T +T (0g) 18 0t (9¢) €6 9T—¥¢

0=d 6 (81) €1 S60=d ¥ (s¢) s6 $80=d 61 #2) 9 €791
a8y

91 (6¥) ¥¢ 6€ () 911 0¢ (€2) 65 HODST

— — 8 (2€) L8 91 (29) 1L1 ISS

+S00>d 8 (15) 9¢ £S00>d LT (90) 2L +S00>d 71 (o1) 9t 0s1
urrej
+S00>d A (oo1) 0L — ¥ (00T1) SLT — 61 (00T1) 95T [e10L,

amsodxs Areq
anfeA 4 WV (%) N anfea 4 WV (%) N anfea 4 WV (%)N

SINIOM A1)UI-IT AN

SIfI0M %huﬁ@ -91 dJewIa

sxoyeosrjdde apronsag

panuguo) T 3AqeL



Semi-quantitative assessment of exposure to pesticides « 677

Table 3. Cumulative exposure, annual exposure, and daily exposure per application day estimates for
applicators by farming system and by age group

Number (%) GM GSD P, P, P,
Cumulative exposure
Total 256 (100) 3271 3.60 737 2620 21918
Farms
LSO 26 (10) 5800 2.24 1905 6335 16005
SSI 171 (67) 1704 2.31 603 1568 4824
LSGH 59 (23) 16802 2.39 4509 20295 46124
Age
16-23 62 (24) 2277 3.63 536 1806 14206
24-26 93 (36) 3199 3.52 724 2412 26637
27-30 53(21) 3797 3.65 862 3429 21644
31-57 48 (19) 4621 3.60 1340 3859 35515
Annual exposure
Total 256 (100) 912 3.81 214 657 7103
Farms
LSO 26 (10) 3099 1.68 1191 3430 6628
SSI 171 (67) 402 1.83 184 375 904
LSGH 59 (23) 5737 2.18 1288 7103 14612
Age
16-23 62 (24 1043 3.85 241 703 7103
24-26 93 (36) 1002 3.82 201 724 7103
27-30 53 (21) 758 3.65 176 509 7103
31-57 48 (19) 786 3.81 217 643 7103
Daily exposure
Total 256 (100) 15 1.96 6 14 36
Farms
LSO 26 (10) 10 1.68 4 12 22
SSI 171 (67) 13 1.85 6 13 30

LSGH 59(23) 26 1.81 8 28 58
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Table 3. Continued

Semi-quantitative assessment of exposure to pesticides

Number (%) GM GSD P, P, P,
Age
16-23 62 (24) 15 1.95 6 14 33
24-26 93 (36) 16 1.96 7 14 36
27-30 53(21) 14 1.97 6 13 31
31-57 48 (19) 16 1.96 6 18 40
P gy Py and Py, are the 10th, SOth, and 90th percentile of the distribution, respectively. GM, geometric mean; GSD, geometric standard deviation.

in LSGH had statistically significant (P < 0.05) higher
cumulative exposure (36089) than re-entry workers
in LSOF (22 857) and SSIF (5464 ). But male re-entry
workers in LSOF had higher cumulative exposure
(25907) than LSGH (17000) among the three fam-
ing systems (Table 2).
The difference between Py and Py

CRE varied considerably within exposure groups
(108- and 23-fold for, respectively, male and female re-
entry workers) (Table 4). The estimated cumulative
exposure values significantly (P < 0.05) increased with
age for female re-entry workers (Table 2). The age pat-
terns for male re-entry workers were similar to that of
female re-entry workers, but the differences between
age groups were not statistically significant (P =0.14).

values of

Average annual re-entry exposure

Annual exposure values were higher among female
(5879) than male (3177) re-entry workers (P < 0.05).
In both male and female re-entry workers, the highest
values were estimated in LSGH (i.e. 4019 and 9862,
respectively). Annual exposure showed S- and 9-fold
differences between Py and Py, values in male and
female re-entry workers, respectively (Table 4).

Average daily re-entry exposure
Female re-entry-workers had a statistically signifi-
cant (P < 0.05) 2-fold higher average daily re-entry
exposure than male re-entry workers (24 versus 12).
Re-entry workers (both male and female) in LSGH
had higher daily re-entry exposure values than re-
entry workers in other farming systems. The ratio of
estimated daily P, and P values showed 6- and
7-fold differences for male and female re-entry work-
ers (Table 4). Differences between age groups were

not apparent.

Correlation analyses of the three re-entry met-
rics (cumulative, annual, and daily) showed moder-
ate to strong correlations among male and female
re-entry workers (r = 0.41-0.99 and r = 0.69-0.99,
respectively). Duration of employment as a re-entry
worker showed a moderate correlation (r = 0.51) with
cumulative exposure among female workers, while it
showed a stronger correlation (0.75) in male re-entry
workers (Table ).

DISCUSSION

In this study, we developed two semi-quantitative
exposure algorithms to estimate cumulative exposure
to pesticides for applicators and re-entry workers in
different farming systems in Ethiopia. Applying these
algorithms in an extensive survey enabled detailed
characterization of (cumulative, annual, and daily)
pesticide exposure in contemporary farming systems
in Ethiopia showing considerable differences between
farming systems and to a lesser extent between gender
and age categories for both applicators and re-entry
workers.

The most likely explanation for the relatively high
exposure for applicators in LSGH is due to factors
modifying the intensity of pesticide exposure (e.g.
type of application method and indoor versus outdoor
application). Conversely, use of PPE and hygienic
behavior were better in LSGH than other farming sys-
tems (Negatu et al,, 2016), and the average duration
of employment (years) was somewhat lower (3.3) in
LSGH than on average in the two other farming sys-
tems (4.5) (data not shown).

Similarly, the higher estimated values of AAE
and DAE in LSGH are due to the higher estimated
intensity-related pesticide exposure variables (e.g.
application methods and indoor spraying) than other
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Table S. Pearson correlation coefficient (r) between selected pesticide exposure-modifying factors in

different exposure groups

Daily Annual Cumulative Working
exposure exposure exposure years

Correlation between exposure variables in applicators

Daily exposure 1.00

Annual exposure 0.75 1.00

Cumulative exposure 0.71 0.86 1.00

Working years -0.03 -0.25 0.01 1.00
Correlation between exposure variables in male re-entry workers

Daily exposure 1.00

Annual exposure 0.99 1.00

Cumulative exposure 041 0.46 1.00

Working years -0.02 0.03 0.75 1.00
Correlation between exposure variables in female re-entry workers

Daily exposure 1.00

Annual exposure 0.99 1.00

Cumulative exposure 0.69 0.70 1.00

Working years -0.08 -0.07 0.51 1.00

variables that affect pesticide exposure, e.g. personal
protection measures.

Despite shorter duration of employment and better
PPE utilization and hygienic behavior (Negatu et al.,
2016), female re-entry workers in LSGH had higher
average cumulative exposure, annual exposure, and
daily exposure estimates than female re-entry workers
in the other farming systems. This is due to the higher
average re-entry exposure intensity score in female re-
entry workers in LSGH than female re-entry workers
in the other farming systems [i.e. LSGH (71.03), SSIF
(10.00), LSOF (24.75)] (data not shown).

The most appropriate justification for the higher val-
ues of cumulative exposure in male re-entry workers in
LSOF than LSGH was longer employment duration (i.e.
9.0S in LSOF compared to 4.07 in LSGH) and slightly
higher frequency of re-entry workdays per year (i.e. 295
in LSOF and 250 in LSGH). Higher daily and annual
exposure estimates for male re-entry workers in LSGH
than in LSOF was due to the higher re-entry intensity

scores in LSGH rather than due to other exposure-mod-
ifying factors, e.g. personal protective measures.

The higher CRE of female versus male re-entry
workers is due to female re-entry work (e.g. harvest-
ing and packing) having higher estimated exposure
than the usual male re-entry tasks (e.g. transportation
and maintenance). Duration of employment (which is
slightly shorter in female than male re-entry workers
(4.1 versus 6.6 years)], PPE utilization and hygienic
behavior will not have been driving the differences
in cumulative exposures. Likewise, higher values of
annual and daily exposure in female re-entry workers
are mainly due to higher values of exposure intensity
scores for female versus male re-entry tasks.

The reason for no correlation between cumulative
exposure and duration of employment for applica-
tors was due to those applicators with relatively higher
cumulative exposure (i.e. most of LSGH, n = 59) had
been working as an applicator for relatively few years

(3.29), while the applicators with relatively low CAE
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(i.e. most of SSIF, n = 171) had been working more years
asan applicator (4.89). Moderate correlations (r = 0.43—
0.67) between CAE and years of working as an applica-
tor were seen when the analyses were done within each
of the three farming systems (data not shown).

Our semi-quantitative pesticide exposure assess-
ment algorithm for applicators was adapted from the
AHS’s pesticide exposure algorithm. It was modified,
and new variables were included in order to make it
fit with Ethiopian agriculture practices and pesticide
exposure settings. For example, the algorithms we
develop can be applied to a range of farming systems
(ie. LSGH, SSIF, and LSOF) rather than just LSOF
which are common in the USA where the AHS algo-
rithm was developed. Also in order to enable detailed
assessment of exposure modifiers for applicators, we
allowed the use of more than one application method
by taking into account frequency of use of a particular
application method. Additional variables accounting
for variation in occupational pesticide exposure due to
open/closeness of a farm and farming system-specific
amounts of pesticide application per day by an appli-
cator were incorporated.

The method allows for different exposure intensity
estimates (i.e. daily, annual, and cumulative) which
can be used in epidemiological studies focusing on
chronic health effects (i.e. CAE, CRE and/or AAE,
ARE) and on studies focusing on acute health effects
(ie. DAE, DRE).

Our method can be used with relative ease since it
does not require input from a highly trained pesticide
exposure assessment expert, it is inexpensive and can
be easily adapted and used to estimate occupational
pesticide exposure in low- and medium-income coun-
tries. Exposure to specific pesticides can also be esti-
mated when information on application of specific
pesticides (active ingredients) is available from spray-
ing calendars and purchase records. This was however
not possible in our study due to poor record keeping
in surveyed farms.

The exposure assessment method that we devel-
oped needs further validation via objective measure-
ments of applicators’ and re-entry workers’ exposure
measurements. Based on such measurements, addi-
tional determinants may be identified and default
weighting factors could be adjusted as to optimize
the exposure algorithms. However, based on previous
work on validating the AHS algorithm and detailed

observations in Ethiopian farming systems, we believe
that the exposure algorithms can be applied in set-
tings of sub-Saharan Africa including Ethiopia where
resources (financial, survey equipment, and required
expertise) to undertake large-scale objective measure-
ments of pesticide exposure (biological or environ-
mental monitoring) are very limited.

SUPPLEMENTARY DATA
Supplementary data can be found at http://annhyg.

oxfordjournals.org/.
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