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ABSTRACT

The misuse of personal protective equipment (PRENG pesticide application was investigated
among smallholders in Colombia. The integrativendgentered (IAC) framework and a logistic
regression approach were adopted. The results sugjygt the descriptive social norm was
significantly influencing PPE use. The following mealso important: (1)In addition, i) having
experienced pesticide-related health problems;a@®; (3) the share of pesticide application
carried out; and (4) the perception of PPE hindework. Interestingly, the influence of these
factors differed for different pieces of PPE. Simoaformity to the social norm is a source of
rigidity in the system, behavioral change may t#ke form of a discontinuous transition. In
conclusion, five suggestions for triggering a traos towards more sustainable PPE use are
formulated: (1) diversifying targets/tools; (2) aessing structural aspects; (3) sustaining
interventions in the long-term; (4) targeting farsidearning-by-experience; and (5) targeting
PPE use on a collective level.

Key words: pesticides, personal protective equipment (PREY; framework, transition,

intervention, Colombia
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INTRODUCTION

Pesticide misuse in agriculture causes major healtblems among smallholders in least
developed countries (LDC) and for this reason hiisacied the attention of international
agencies and has been targeted by specific intéowerprogramme$?3#° Exposure to
pesticides can have both long-term health effectssh-sas neurological impairment, and
cancer—and short-term health effects—such as skity® irritation, dizziness, and nau$eghe
majority of the intoxications recorded in LDCs che attributed to farmers’ occupational
exposure to pesticid8sPesticides enter the body to a large extent ialation and dermal
absorption mainly during application, but also, éaample, during the preparation of pesticides,
and the cleaning and repairing of the applicatiognigment.”® The most common way of
applying pesticide in LDCs is by means of a levperated knapsack sprayevhich potentially

exposes the applicator to a high dose of the pestit**

In order to minimize exposure and consequentlytheddk during the application phase, the
International Labour Organization (IL&)and the World Health Organization (WHGuggest
the use of specific Personal Protective EquipmBRE): overalls, gloves, goggles, and boots.
Unfortunately, it is often the case that smallhaddi@ developing countries fail to comply with
these safety standards. Inadequate use of PPEebBagdported and investigated, for instance, in
Asia 31415 1%he Middle East/*® Africa,'??°?"%%nd Latin Americ&:?*#2627.28

Previous studies on farmers’ PPE use can be dividiedfour main strands. First, farmers’
behavior is often explained in terms of socio-deraphic factors (such as age, education, and
gender) and/or socio-economic factors (such agnmegoSeveral authors, for example, show that

the use of PPE is positively correlated to educdfl® Second, some authors report that the
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high cost of PPE affects farmers’ decision not s& ®PPE’ A third strand focuses on the
importance of contingent and/or external factorsm@s et al’ and Waichmann et &, for
example, demonstrated that the labels which argepteon pesticide packages were not properly
designed to be understood, being based on grapmeentions and a language which were
unknown to local users; Cole et*3Ireported the opinion of Ecuadorian farmers, whosater
PPE uncomfortable to be worn during work in thédfi¢ourth, some authdfs* stress the role

of values and cultural orientation, factors whictfluence risk perception and therefore the
adoption of adequate safety practices. Palis &f &r example, referring to three farming
communities in the Philippines, suggested that éasmbeliefs on how illness is brought about

leads to underestimation of risk and inadequateeption.

Despite the amount of work carried out on PPE fese studies have investigated the role of yet
another factor, namely social norms, which mayuierfice farmers’ personal protection choices.
Baumberger suggests that farmers might be negatimluenced by peer pressure in their
decisions about personal protectfdriThat is, there may be a social norm implicitly ideél
according to the most widely accepted behaviorhm region (such asot using PPE) which
leads farmers to conform in order to avoid a synietssnction (such as mockery).

Given the variety of behavioral drivers which pdielty influence farmers’ PPE use, knowing
which ones are relevant in a specific context isee8al to develop effective intervention
strategies against PPE misuse. In effect, anyviatgion’s effectiveness depends on the ability
of specifically targeting different combinationsdrivers. In this respect, the potential influence

of social norms on farmers’ PPE use is a critisslie.
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Social norms differ from other factors (such asie@emographic factors, costs, and external
factors) in that they activate a self-reinforcirggial process: people tend to comply or conform
to social norms and, in so doing, reinforce themcbgfirming their normative value to other
members of the social systéfiThis self-stabilizing feedback may lock the sosigdtem into a
stable mode so that individuals and groups dematestfixed attitudes and modes of
behavior’**>An undesirable lock-in situation, that is, onedieg to undesirable consequences,
is referred to as a “trap® One result of the trap is that the system become® resistant to
change, or “rigid,” even if the change would redulese unwanted consequenteSuch a
lock-in situation will be referred to as a “rigiditrap,” and will be distinguished from the other

type of barriers that are not characterized bylfess&bilizing feedback.

Scheffer et af® demonstrate that, in the presence of a rigidip @®nd “in societies with little
difference among individuals and high peer pressube relationship between the level of
action against a problem and the perceived payovoffaking action is discontinuous (Figure 1).
That is, when a seemingly resistant system reaatieseshold point (TP1 in Figure 1), it shifts
radically from one state to another. Such a shifilso called “critical transitior™ or “regime
shift.”** Once the system shifts to the other state, it shawidity, that is, it will stay in that state
even if the severity of the problem is reducedil@hew threshold is reached (TP2 in Figure 1).
Such a bi-stability, triggered and maintained byoek-in effect, essentially distinguishes a

critical transition from a simple diffusion process
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Figure 1 - Relationship between level of action apdrceived pay-off for taking action (after Scheffet

al.3.

The presence of an active rigidity trap in a laagticultural system would imply the existence of
specific social dynamics that intervention programmild have to target in order to effectively
foster wider PPE use. Therefore, to improve théitalmf intervention strategies to target PPE
misuse in local systems of smallholding farmersLIDCs, it is essential to analyze what

behavioral drivers are relevant in that context| emparticular, whether a rigidity trap exists.

With reference to the case study of the region @jdga, Colombia, this paper: (1) investigates
what factors influence farmers’ behavior concerniing use of PPE; (2) applies a conceptual
tool, that is, the integrative agent-centered (IA@mework, which allows for integrating social

norms as potential relevant behavioral drivers glith the other traditionally used explanatory
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variables; and (3) points out five key issues whgiould be considered by intervention

programs to effectively trigger a transition towsardore sustainable PPE use.

MATERIALS AND METHOD

Study Area

The Department of Boyaca is located on the easteim of the Colombian Andes and is a rural
region mainly devoted to the cultivation of potatde addition to other crops such as carrots,

maize, wheat, beans, and oats (Figuré’2).

The production of potatoes in Boyaca relies maimysmallholders, who make up more than the
95% of the workforce, farm more than the 56% ofgbtato-cultivated land, and provide 45% of
the total productiofi’ Smallholders cultivate an average of three hestanedivided in different

plots, on terrain that is usually not appropriabe fmechanization, leading to low average
production rates. Due to the lack of irrigation ideg, smallholders are significantly dependent
on the rain cycles for production. Therefore, thedpction of potatoes is generally organized in
two cycles—March to September and October to Fepruaorresponding to the two rainy

season&®

Potato crops in this region are vulnerable to thregor pests: the soil-dwelling larvae of the
Andean weevil Rremnotrypes vorgxor “Gusano blanco”), the late blight fungu®hgtophthora

infestans or “Gota”), and the Guatemalan potato moffedia solanivora or “Polilla
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guatemalteca”). These pests make potatoes thenstbghe highest demand for fungicides and

insecticides in Colombi#,

The predominant pesticides used for potato prodncire carbofuran (insecticide), mancozeb
(fungicide), and methamidophos (insecticide). et misuse has been observed, among other

issues, with respect to safety practités®®

N
0 100 200km

Department of Boyaca Atlantic Ocean
Honduras
|
\ |
\
Nicaragua \ "
Study Area |
\ |
\ D
Costa Rica Carribean
Panama
Venezuela
Medellin. \
Pacific Ocean Bogota *
Colombia
_equatorline TN e
Ecuador

Brazil

Peru

Figure 2- Study area (after Oehl&?).
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Theoretical Background

To investigate farmers’ PPE use, the integrativenagentered (IAC) framework was
applied*®*! This conceptual tool allows for integrating soci@rms as potential relevant
behavioral drivers along with the other traditidpalsed explanatory variables such as education
and costs. Therefore, it is considered appropt@t@vestigate a relatively homogeneous local

agricultural system like the study area, in whicdoaial norm-based rigidity trap might exist.

In the IAC framework, which is based on Triandifi€bry of Interpersonal Behavférand
Giddens’ Structuration Theofy,an agent’s decision to enact a specific behasiarfiuenced by
external and internal drivers. The external drivemnsist of contextual factors (such as
facilitating conditions or barriers), whereas th&ernal ones include habits (that is, the frequency
of past behavior), physiological arousal (thattli® physiological state of the individual), and
intention. The latter is determined by: (1) expgotes (the beliefs about the outcomes, their
probability, and their value); (2) subjective cuéidactors (social norms, roles, and values); and
(3) affect (the feelings associated with the atle agent’s actions have consequences that give
rise to a double feedback loop towards internal exrnal behavioral drivers, which thus

influences decisions in the future (Figure 3).



Feola, G., Binder, C.R. 2010. Why don't pesticigpliaators protect themselves? Exploring the uggeo$onal protective equipment among
Colombian smallholders. International Journal oE@mational and Environmental Health, 16(1):11-23.

AGENT n
AGENT 1
poomneee- N Expectations Contextual
i factors
H
1
i Subjective culture —
i o
| .
1 1 1
— |
] L
| Lo
1
; Perceived Unperceived
i
i
| Intended
R N Affect consequences
1
| [
E Behaviour
: \
E ! Unintended
i Habit H consequences
: i
I i Physiological g -
H H arousal H v
1 i [l 1
] i ' S 3o
: 1 L3 Il : :
1 : } ! H H
' W mm o mmomeme e + :
1 i .
. e k4
Direct Influences
_____________ Feedbacks

Figure 3—The Integrative Agency Centered (IAC) Frawork?®

Study Design

The IAC framework was used as a basis for compibngtructured questionnaire for data

collection. Based on a literature review, the comgnts of the IAC framework, that is, the class
of behavioral drivers, were operationalized in amemore variables, which are described in

Table 1. Physiological arousal was assumed to ésdime for all farmers, who were assumed to
be highly roused during pesticide application, #retefore was excluded from the analysis. The
guestionnaire was structured in sections with escltion corresponding to a class of behavioral

drivers  and containingg one or more questions for chea variable.
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TABLE 1 - Description of the Behavioral Drivers Caidered in the Study

Class of Behavioural driver Description
behavioural
drivers
Consequences Adverse health effects Health problems suffered by the farmer

and perceived to be pesticide-related.

Social consequences

The reference groups’ judgment on the
applicator using PPE

Expectations

Interference of PPE

Interference with work when using PPE

Cost of PPE

Judgment on the expensiveness of PPE

Cost of doctors

Monetary expenses for visiting doctors
for pesticide-related illnesses

Cost of medications

Monetary  expenses  for  buying
medications  for  pesticide-related
ilinesses

Work days lost

Work days lost due to pesticide-related
illnesses

Subjective culture:
Social norms

Descriptive norm

The PPE use that is observed with
highest frequency in the population, or
the beliefs about it

Prescriptive norm:
reference groups

The reference groups’ prescriptions
indicating to the farmer the appropriate
behaviour concerning PPE

Sense of compliance with
prescriptive norm

The farmer's sense of urgency about
behaving in a desired way (the
prescriptive norm - reference groups)

Prescriptive norm:
pesticide labels

Awareness of  pesticide label
indications on what ought to be done by
the farmer concerning personal
protection

Sense of compliance with
pesticide labels

The farmer's sense of urgency about
behaving in a desired way (prescriptive
norm - pesticide labels)

Subjective culture:
roles

Farmer

Priorities and defining characteristics of
a good farmer in the region

Sense of compliance with
the role of Farmer

The farmer's sense of urgency about
behaving in a desired way (the role of
farmer)

Head of family (when
applicable)

Priorities and defining characteristics of
a good head of family in the region

Sense of compliance with
the role of Head of family

The farmer's sense of urgency about
behaving in a desired way (the role of
head of the family)

Affect

Emotions associated with the use of a
certain piece of PPE

Habit

Practice of use of a certain PPE in the
past and duration of that practice

Contextual factors

Education

Formal education of the farmer

Technical assistance

Training received on pesticide use
and/or personal protection

Age

Age of the farmer

Past health effects

Experience of pesticide-related adverse
health effects in the past

Work organization

Share of pesticide application work

Weather

Weather/Climatic conditions
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A survey was conducted focussing on the decisionst® PPE during the pesticide application
phase with the questions referring to the timefrashéhe last cultivation cycle in which the
farmer cultivated potatoes in a reference parcethé survey a total of 197 smallholder potato
growers, 88.3% of them male, were involved in feelected areas: a main study area (Vereda
La Hoya, Province of Tunja [81 farmers]), and thre@mparative areas (Puente Boyaca,
Province of Ventaguemada [47 farmers]; Hato de &gmemada, Province of Ventaquemada [23
farmers]; San Francisco, Province of Toca [46 faspeln Vereda La Hoya, the sampling goal
consisted in the total coverage of the populatishich was achieved with the exception of
refusals (three farmers), farmers not growing motathe reference period (28), and farmers not
available at the time of the survey (12). In thenparative areas, the farmers were sampled in a
number statistically comparable with the main stuhga and according to the snowball
sampling method because a reliable list of the [adimm was not available and because this

method resulted in building a more trustful relasibips with the farmers.

Local professionals Sistemas Especializados de Informaci®@El s.a.) contributed to the
translation of the questionnaire and carried ostititerviews. The questionnaire was tested in
August 2007 on 17 farmers in a neighboring and coaige area (Vereda Guantoque, Province
of Samacd). The survey was then conducted in Ségteamd October 2007. A short description
of the study was given at the beginning of therinésv. Consent was given by farmers at this
time. In case farmers did not want to give conset,interview would not take place. Therefore
this could read: ,At the beginning of each intewjexplicit information about the

study was provided and verbal informed consentatésined

11
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Data were collected by means of handheld electrdeneces for data capture, which allowed for

a real-time crosscheck of inconsistencies, and aasequently analyzed with SPSS 14.0.

Modelling Approach and Model Specification

The influence of the different behavioral drivens BPE use was investigated by adopting a
logistic regression approach. Accordingly, PPE wses defined in terms of a dichotomous
outcome. Two quantitative measures of PPE use defieed: the first considered the “use”
versus “non-use” of PPE at least once in one alijmi@l cycle (use coded as 1; non-use coded as
0); the second considered regular versus sporadic(@always and “often,” use coded as 1,

“sometimes” to “never” use coded as 0).

Five models were estimated: models PPE-USE, GLOVES; and FACIAL-USE estimated
the probability of using any kind of PPE, gloves, facial protection at least once in an
agricultural cycle, respectively. Models GLOVES-FREand FACIAL-FREQ estimated the
probability of using gloves or facial protection amegular basis (that is, “always” and “often”),

respectively.

The models are specified as follows:

In [P/(1 - P)] =fo + p1X1 + X2 + ... +fiXk

Where:

P is the probability of the outcome

12
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pois the intercept term

S1.p2 . Pk are the coefficients associated with each explaypatriable

X1, X5 Xgare the explanatory variables

the subscripk denotes the-th variable in the model (see Neupane et al. for

further details}®

The explanatory variables included in the modedssiwiown in Table 2. The interaction effects of
“area,” “age,” and “education” with all the otheasinables were tested. Only the significant ones
are retained in the models discussed in the prgsgdr. In addition, the interaction effects of
the prescriptive norms and the respondents’ sehsempliance with them was considered, as
these variables were defined in strict relationghigach other and expected to be statistically

related.

Some of the behavioral drivers considered by thé€ Ikamework (Table 1), although
operationalized and considered in the survey, wetencluded in any of the regression models.
In effect, the low variance in the distribution cdses for these variables rendered them not
useful in distinguishing users from non-users oEPRevertheless, they provide essential
additional information for the interpretation oftlhegression models’ results, and are presented

later in the paper.

13
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TABLE 2 - Explanatory Variables included in the Regssion Models

Class of Variable name Description Mean SD
behavioral
drivers
Consequences Social consequences Dummy variable. Value 1 if the respondent expects (either 0.59 0.49
positive or negative) judgment for using PPE by all the
reference groups. 0 if he does not expect any judgment.
Expectations Cost of gloves (only ~ Dummy variable. Value 1 if the respondent thinks the glovres 0.56 0.50
for Models GLOVES- are neither cheap nor expensive or expensive 0 if he thinks
USE and GLOVES- they are cheap.
FREQ)
Interference of PPE Dummy variable. Value 1 if the respondent finds it easy to 0.56 0.50
(only for Model PPE- work wearing PPE. 0 otherwise.
USE)
Interference of gloves Dummy variable. Value 1 if the respondent finds it easy to 0.55 0.49
(only for Models work wearing gloves. 0 otherwise.
GLOVES-USE and
GLOVES-FREQ)
Interference of facial Dummy variable. Value 1 if the respondent finds it easy to 0.66 0.47
protection (only for work wearing facial protection. 0 otherwise.
Models FACIAL-USE
and FACIAL-FREQ)
Subjective Descriptive norm use Dummy variable. Value 1 if the respondent thinks other 0.68 0.47
culture (Only for models farmers use PPE. 0 otherwise.
gloves-use and facial-
use)
Descriptive norm freq Dummy variable. Value 1 if the respondent thinks other 0.26 0.44
(only for Models farmers use PPE always, often. O if he thinks other farmers
GLOVES-FREQ and use PPE sometimes, seldom or never.
FACIAL-FREQ)
Prescriptive norm Dummy variable. Value 1 if the respondent talked about 0.26 0.44
(partner) PPE with the partner (wife or husband) at least every second
week, and the partner suggested using PPE differently, and
the respondent trusts the partner much or completely. 0
otherwise.
Compliance with Dummy variable. Value 1 if the respondent carried out all or 0.24 0.43
prescriptive norm almost all of the partner's (wife or husband) suggestions. 0
(partner) otherwise
Prescriptive norm Dummy variable. Value 1 if the respondent is aware of 0.40 0.49
(pesticide labels) pesticide labels and of their safety instructions and has read
them. O otherwise.
Compliance with Dummy variable. Value 1 if the respondent reports always 0.39 0.49
prescriptive norm complying with the instructions of the pesticide labels. 0
(pesticide labels) otherwise.
Contextual Work organization Dummy variable. Value 1 if the respondent always or often
factors hires external workers for the application of pesticide. O if he
hired external workers sometimes, seldom or never.
Age Respondent’s age (years). 47.50 15.87
Education Years of formal education. 4.32 2.32
Past health effects Dummy variable. Value 1 if the respondent has experienced 0.70 0.46

pesticide-related adverse health effects. 0 otherwise.

Area

Dummy variable. Value 0O if the respondent lives in the
Province of Ventaquemada. Value 1 if the respondent lives in
the Province of Tunja. Value 2 if the respondent lives in the
province of Toca.

14
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RESULTS

Behavior

Overall, 61% of the farmers used at least one pdé&guipment at least once, while 39% of the

farmers reported no use of PPE during pesticiddicgion in the reference period. Facial

protection and gloves were by far the most commieg Bsed (Table 3), for which the frequency

of regular use (“always” and “often”) was about 3@¥d 32% respectively (data not shown).

However, a simple piece of cloth instead of theonemended facial shield and gogdfewas

often used as facial protection.

TABLE 3 - Type of PPE Used

Equipment n %
(n=197)

Facial protection 96 48.7
Gloves 81 411
Overall 26 132
Waterproof jacket 15 7.6
Waterproof trousers 7 3.6
Goggles 6 3.0

15
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The Regression Models

In the logistic regression models characterizindge RBe, maximum likelihood estimates of
parameters are presented along with their sigmiedevel and the odds ratio (OR) ef)), (
which is the factor by which the odds of PPE usandges for a one unit change in the

explanatory variable (Tables 4 and 5).

Use of Personal Protective Equipment

The use of PPE is significantly associated witte fiiariables, two of which are normative and
are classified in the IAC framework as “subjectigelture”: “descriptive norm use” and
“compliance with prescriptive norm (pesticide lad)eél(Figure 3 and Table 1). Three other
variables refer to contextual factofe/ork organization,” “age,” and “past health effgt{Table

2). In particular, the variable “compliance witliepcriptive norm (pesticide labelsyias
associated with the highest odds of PPE use. Bhahe odds of using PPE (vs. non-using)
increased by a factor of 4.855 for farmers withighhsense of compliance with the safety
instructions that are normally on pesticide packadéis confirms the importance of pesticide

labels and their informative and normative influeon farmers.

“Descriptive norm usefs another variable that was significantly and pesly related to PPE
use. This suggests that those farmers who belietteer farmers were using PPE were more
likely to use PPE themselves (the odds in favd?E use increased by a factor of 2.631), which

interestingly suggests that indirect social infloerplayed a role in the farmers’ individual

16
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decision-making process about personal safety.degrtend to observe each other and conform

to other farmers’ behavior.

Moreover, three contextual factors were also siggiftly associated with PPE use. First, the
variable “work organization” showed a high negat®B for PPE use. That is, the odds of PPE
use decreases by a factor of 0.053 for farmersware less directly involved in the application
of pesticides and consequently less exposed tohhesits due to pesticides. Second, the variable
“age” showed a negative association with PPE ulsker darmers were less likely to use PPE.
However, the OR of “age” is low. In addition, thaaraction effect of the variables “age” and
“work organization” indicates that among the exéérworkers hired to apply pesticides, the
older farmers were more likely to use PPE. Thidfanent counterbalances the coefficients of
“age” and “work organization” taken individually hird, the variable “past health effects” also
has a high OR. That is, farmers who experience@radvhealth effects related to pesticide use
were more likely to use PPE, which suggests thatdes learned from their previous personal
experiences. Finally, the coefficients for the a&bhkes “prescriptivenorm (partner),” and
“compliance with prescriptive norm (partner)” aslwas the interaction of these variables,
although not statistically significant, show a ngaassociation with PPE use.. This suggests

that partners tended to effect farmers’ decisiokinga and discourage farmers’ PPE use.
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TABLE 4 - Maximum Likelihood Estimates of the ModePPE-USE, GLOVES-USE and FACIAL-USE

Class of
behavioural Variable Model PPE-USE Model GLOVES-USE Model FACIAL-USE
drivers
0, 0, 0,
B wald Exp() gs'gfpi;)'for B Wald Exp(g) 95'%;"[)%3';“ B Wwald Exp(®) 95'%;"[)%3';“
Lower Upper Lower Upper Lower Upper
Constant -0.278 0.057 0.757 -2.021 24917 0.133 -0.496 "0.184" 0.609
Consequences  |SOCIAL CONSEQUENCES 0.211 0.306 1.234 0.585 2.604[-0.306 '0.667 0.736 0.353 1.535| 0.215 '0.3457 1.240 0.604 2.547
Expectations INTERFERENCE OF PPE 0.341 0.900 1.407 0.695 2.848 - - - - - - - - - -
COST OF GLOVES - - - - J-0.149 '0.164 0.861 0.418 1.773 - - - - -
INTERFERENCE OF GLOVES - - - - -[0.819 * f4.967" 2.269 1.104 4.665 - - - - -
INTERFERENCE OF FACIAL PROTECTION - - - - - - - - - -| 0.591 "2.559 1.806 0.875 3.728
Subjective culture |DESCRIPTIVE NORM USE 0.967 ** 6556 2.631 1.255 5.515| 0.636 '2.485 1.889 0.857 4.165| 0.899 * '5.605 2.457 1.167 5.170
PRESCRIPTIVE NORM (PARTNER) -0.460 0.307 0.631 0.124 3.220[-1.232 F1.772 0.292 0.048 1.790[-0.292 '0.138 0.746 0.159 3.499
4 r - r r
E;%?;"E*';;:EW'TH PRESCRIPTVENORM ' T (543 0039 0.784 0071 8674[-0.630 0221 0533 0039 7.359 0.039  0.001 1.040 0.103 10.517
PRESCRIPTIVE NORM r r r
(PARTNER)*COMPLIANCE WITH 1.075 0.496 2.929 0.147 58.255| 2.083 1.581 8.027 0.312 206.352| 1.058 0.522 2.880 0.164 50.727
PRESCRIPTIVE NORM (PARTNER)
PRESCRIPTIVE NORM (PESTICIDE LABELS) | 0.641 1.6947 1.898 0.723 4.979] 0.148 '0.078" 1.160 0.410 3.285| 0.803 "2.466 2.233 0.819 6.084
r - r
E;‘;“g?%?DNEEAVgEF;RESCR'PT'VE NORM 1" 580 6.327 4.855 1.417 16.628| 1.142* 3.625 3.133 0.967 10.153| 1.130 * 3.755 3.094 0.987 9.701
PRESCRIPTIVE NORM (PESTICIDE " i i " i
LABELS)*COMPLIANCE WITH PRESCRIPTIVE | -0.941 1.505 0.390 0.087 1.755|-0.331 0.195 0.719 0.166 3.116|-0.487 0.461 0.614 0.150 2.508
NORM (PESTICIDE LABELS)
Contextual factors | WORK ORGANIZATION -2.933 * 6,459 0.053 0.006 0.511f-2.335 ** "3.893 0.097 0.010 0.985[-3.115 *** "7.458 0.044 0.005 0.415
AGE -0.037 * 4.556 0.964 0.932 0.997[-0.024 '1.808 0.976 0.942 1.011f-0.040 * "5.499 0.961 0.930 0.994
AGE*WORK ORGANIZATION 0.059 * 6515 1.061 1.014 1.110| 0.058 * 756797 1.060 1.010 1.112] 0.062 ** 77.457 1.064 1.018 1.113
EDUCATION 0.074 0.713 1.077 0.906 1.280| 0.159 "3.222 1.172 0.986 1.394[-0.034  "0.156 0.967 0.819 1.142
PAST HEALTH EFFECTS 1.136 =+ 7.878 3.116 1.409 6.889] 1.133 ** "6.4797 3.106 1.298 7.433[ 0.991 ** 58197 2.695 1.204 6.031
AREA 3.606 "1.442 "3.685
AREA (1) -0.652 2.278 0.521 0.223 1.215[-0.071 "0.030 0.932 0.419 2.072[-0.686 * "2.711 0.504 0.223 1.139
AREA (2) -0.761 "2.650 0.467 0.187 1.168[-0.595 "1.387 0.552 0.205 1.484[-0.679 "2.1527 0.507 0.205 1.256
Hosmer and Lemershow test 6,711 "6.549 "6.961
Nagelkerke R square 0.306 0.317 0.283

Significance: 10%;  5%; "~ 1%
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Use of Gloves and Facial Protection

The estimates of the use of gloves and facial ptiote models allow further insight into
farmers’ decisions with respect to these two spepiéces of equipment (Tables 4 and 5). While
“social consequences,™prescriptive norm (labels)”, anthrea” are confirmed as not being
significantly associated either with the use ofvgle or of facial protection, a first relevant
difference can be noted with reference to the w&idinterference of PPE.The analogous
variable“interference of gloves,in fact, showed both high significance and a hidR i@ both
models GLOVES-USE and GLOVES-FREQ. In contrast, thaable “interference of facial
protection” was not significantly associated witte tuse of facial protection. In other words,
expectations about the interference of gloves wibhk were much more relevant than for facial

protection or PPE in general.

A second difference can be observed with respetttewariable “descriptive norm use.” While
it was significantly associated with the use ofidaprotection (confirming the estimates of the

model PPE-USE), it was not associated with theofiggoves.

Differences can also be noted with reference towmables “work organizationand “past
health effects.” Both variables were significandlgsociated with the use of gloves and facial
protection and had a high OR in favor of these benga. However, they were either not, or only
slightly, significantly associated with the freqagrof use of gloves or of facial protection. This
suggests that hiring external workers for the aapilon of pesticides (and thus being personally

less exposed to chemicals) reduced the probabilising such pieces of equipment, but not the
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frequency of their use, while the experience ofeasle health effects moved farmers towards
using such pieces of equipment, but not signifigaiowards using them regularly. In particular

concerning “past health effects,” this evidencehhiggpveal a negative feedback loop: a farmer
using PPE even seldom reduces his probability pee&ncing adverse health effects and is

therefore less likely to use PPE regularly to avhimse consequences.

Finally, “compliance with prescriptive norm (pegtie labels)” is also slightly significant,
confirming that while on the one hand, farmers wvatligh sense of compliance towards this
norm tend to use gloves and facial protection.thenother hand, they tend to use gloves, but not
a facial protection, more frequently. This lattéffedence may be related to the perception of
health risks being related to the contact with ipests more than to inhalation, as suggested also

by Baumberger (private communication).
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Table 5 - Maximum Likelihood Estimates of the ModeGLOVES-FREQ and FACIAL-FREQ

Class of
behavioural Variable Model GLOVES-FREQ Model FACIAL-FREQ
drivers
0, 0,
B wald Exp(p) gs'gfpc(;)'f‘" B Wald Exp(B) gs'gfp(i;)'f‘"
Lower Upper Lower Upper
Constant -2.024 "2.462" 0.132 -0.160 "0.020" 0.852
Consequences | SOCIAL CONSEQUENCES 0.084  '0.046 1.087 0.506 2.336] 0.317  '0.730 1.373 0.664 2.838
Expectations COST OF GLOVES -0.156  "0.168 0.856 0.407 1.800 - - - - -
INTERFERENCE OF GLOVES 0.864 ** "4.7717 2.372 1.093 5.149 - - - - -
INTERFERENCE OF FACIAL PROTECTION - - - - -| 0.307 "0.676 1.359 0.654 2.826
Subjective culture [DESCRIPTIVE NORM USE 0.756 * 3.662"7 2.130 0.982 4.622]| 1.109 *** T8.922 3.032 1.464 6.278
PRESCRIPTIVE NORM (PARTNER) -1.863  "2.492 0.155 0.015 1.569| 0.242  "0.096 1.274 0.276 5.887
r r
&%ik"ég)ww'm PRESCRIPTVENORM I 4196  0.022 0.822 0060 11.195| 0.212 0035 1.236 0.136 11.194
PRESCRIPTIVE NORM r i r
(PARTNER)*COMPLIANCE WITH 2.105 1.360 8.205 0.239 282.175|-0.114 0.007 0.892 0.057 14.040
PRESCRIPTIVE NORM (PARTNER)
PRESCRIPTIVE NORM (PESTICIDE LABELS) | 0.019  "0.001 1.019 0.341 3.048| 0.755  "2.031 2.128 0.753 6.012
r 4 r
SDOE'\QZLC"TB‘ECEA";:ETS';RESCR'PT'VENORM 1027 % 2870 2794 0851 9.172| 0.950 2414 2586 0.780 8575
PRESCRIPTIVE NORM (PESTICIDE r f r
LABELS)*COMPLIANCE WITH PRESCRIPTIVE | -0.410 0.289 0.664 0.149 2.958|-0.546 0.559 0.579 0.138 2.424
NORM (PESTICIDE LABELS)
Contextual factors [WORK ORGANIZATION 1.629°  '1.794 0.196 0.018 2.127[-2.110* '3.420 0.121 0.013 1.135
AGE -0.020 "1.1897 0.980 0.944 1.016[-0.037 ** "4.718 0.964 0.933 0.996
AGE*WORK ORGANIZATION 0.047 * "3.492 1.048 0.998 1.100| 0.048 ** 4378 1.049 1.003 1.097|
EDUCATION 0.132 "2.236 1.141 0.960 1.357[-0.089 "1.050 0.915 0.771 1.085
PAST HEALTH EFFECTS 0.816 * "3.147" 2.262 0.918 5.572[ 0.543 "1.807" 1.722 0.780 3.802
AREA "2.021 "1.752
AREA (1) 0.402  "0.873 0.669 0.288 1.554[-0.491  "1.449 0.612 0.275 1.361]
AREA (2) -0.688 "1.750 0.503 0.182 1.393[-0.418 "0.862 0.658 0.272 1.592
Hosmer and Lemershow test "8.306 "9.154
Nagelkerke R square 0.268 0.204

Significance: 10%; 5% ;" 1%

The Role of the Behavioral Drivers Not Includedhe Regression Models

Some of the behavioral drivers considered by th@ framework, although operationalized and
considered in the survey, were not included in ahthe regression models. In effect, the low
variance in the distribution of cases for thesealdes rendered them not particularly useful in

discriminating users from non-users of PPE. Newtets, they provide essential information for

the interpretation of the regression model resultsch is illustrated in the present section.

21



Feola, G., Binder, C.R. 2010. Why don't pesticigpliaators protect themselves? Exploring the uggeo$onal protective equipment among
Colombian smallholders. International Journal oE@mational and Environmental Health, 16(1):11-23.

Expectations

More than 90% of the respondents expected “advezaéth effects” related to an improper use
of PPE. This indicates confirmation that the fareneén the region were aware of the
disadvantages of not protecting themselves anldeofisefulness of PPE in this respect.

Despite the fact that more than two thirds of therfers reported adverse health effects due to
pesticide use, few farmers had medical costs (ssctioctors’ fees, medication costs, or work
days lost) in the reference period. In particutenly 8.1% of the respondents went to the doctor,
13.7% had to buy medications, and 7.1% lost wogksdaetween half a day and three days) in
the reference period. These data show that heaftfices were scarcely or irregularly visited for

pesticide-related sickness.

Subjective Culture

Seven reference groups were identified based obliSahd Bindef' : partner, sons, relatives,
other farmers, pesticide sellers, experts from gowental agencies, and pesticide producers.
For each group, the prescriptive norm was invesgdjaHowever, with the exception of the
farmers’ partners, the data show that only a miminpercentage of farmers (less than 10%)
were subject to prescriptive normative judgemeoifrat least one of these groups concerning
PPE use. These data suggest that PPE is neithapia df open discussion nor of explicit

judgement in the study region.

Regarding the “roles” of a typical good farmer gpital good head of the family, more than

95% of the respondents indicated no safety-relédsdes among their priorities. These data
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suggest that for the social definition of these twtes an appropriate use of PPE was not

considered relevant.

Affect, Contextual Factors, Habit

Regarding “affect,” 94.4% of the respondents asdedi positive feelings with the use of PPE.
Therefore the non-use of PPE cannot be attribatéariners’ negative feelings towards PPE.
Among the contextual factors, access to “techrasalstance” was hypothesised to be influential
for farmers’ safety-related behavior. However, léhan 5% of the respondents received
technical assistance concerning pesticide usefetys@sues during the reference period. This
suggests that technical assistance did not plaieaant role in influencing farmers’ decisions on

PPE use.

Finally, “habit” was not included in the regressiamodels, but analyzed separately for the
respondents using gloves and facial protection.shgaificant correlation was found between

habit and the predicted probabilities calculatedny of the estimated models.

DISCUSSION AND CONCLUSIONS

This paper explored the use of PPE among smallhgid&ato growers in four agricultural
communities in the Region of Boyaca, Colombia, atehtified the relevant factors influencing

farmers’ behavior. The analysis was focussed on l&eEduring the pesticide application phase,

during which farmers are potentially more exposeahemicals®* It did not consider other
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tasks, such as pesticide mixing or cleaning of mment, which are potentially less dangerous to

farmers’®

The study was based on the IAC framework, whichmiiged us to identify important drivers

and relationships among them to be investigateeveder, some variables (in particular weather
conditions and physiological arousal) were not @ered, which represents a limit of the current
study. A second limitation is that no historicatalavere collected. Future studies may improve
the research design by carrying out longitudinatligts in order to provide better information to

investigate the feedbacks identified by the IAGrfeavork.

The analysis suggests that the social mechanisoorgbrmity to the descriptive norm defined
by the behavior of the majority of the farmers ndaiye them to a rigidity trap. Thus, according
to Scheffer et af® in such relatively small and homogeneous sociatesys where the social
norm is strong, a critical transition may be expdctHowever, a transition towards a more
sustainable PPE use may also be triggered by degigrerventions which either trigger or are
based on other factors, namely age, work orgaoizainterference, the sense of compliance
towards pesticide labels, and past health effadisse influence may vary for different pieces of
equipment. In the present section the factors emiting PPE use are discussed and some
implications are derived for developing effectiveerventions aimed at triggering a transition

towards more sustainable PPE use.
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Factors Influencing PPE Use

Descriptive social normTlhe results suggest that a process of conformitiggalescriptive social
norm characterized the local system gave birth lmclk-in effect. In effect, the decision to use
PPE while applying pesticides was strongly assediatith the observation of other farmers’
behavior or to beliefs about it (descriptive norfipe desire for conformity to the descriptive
norm seems to influence both regular users andusers in their respective behavior. For
example, considering the probability of using PBE 7% of the farmers in the first quartile, who
had a low estimated probability of PPE use, belignat the other farmers do not use PPE, while
in the fourth quartile, representating farmers wiigh estimated probability of PPE use, 95.8%
of the farmers believe that other farmers are uddRE. Therefore, it seems possible to
distinguish between a tendency towardteairableand arundesirabldock-in effect: the former
concerns those reporting a use of PPE; the lattecerns those reporting non-use and is

identified as a rigidity trap.

Concerning the motivation to conform, the resultggest that it may be related to the goal of
maintaining a positive self-concépin terms of the farmers’ identity as a good farmed head
of family. In support of this point, the culturagfthitions of both the roles of farmer and that of

head of the family do not generally comprise peaspnotection as a priority or defining trait.

Finally, the analysis suggests that the normatorol about personal protection takes a much

more implicit (compliance with other farmers’ belay, than explicit (expressed judgements or

behavioral indications between farmers) form. Tisafarmers tend to comply with their belief
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about other farmers’ behavior, but they tend ndatk with each other about this topic and tend

not to express opinions about other farmers’ petsprotection choices explicitly.

Other behavioral drivers.The results suggest that other drivers also sagmifly influenced the
decision of using PPE. First, farmers’ age and share of pesticide application work were
negatively associated, while the sense of compdiamith pesticide labels was positively
associated with the probability of using PPE. Sdc¢time data suggest that a previous experience
of adverse pesticide-related health effects acged atimulus for using PPE. That is, farmers
learn by their own negative experience. Howeverpasted out, for example, by Schoéll and
Binder and Palis et af® farmers might tend to underestimate the healtacefffor cultural
reasons or may want to to maintain a high self-ephan order to avoid showing weakness.
Moreover, the presented data show that the equipmas often not used regularly enough to
prevent adverse health effects, so that the pdisisibifor learning by positive experience may

not occur.

Furthermore, the data show that some drivers magelevant only for some pieces of PPE.
Interference seemed to make a greater differencgléves than for facial protection, probably
due to the fact that the former hinder handling ammement more than the latter. On the other
hand, the descriptive norm seemed to exert moheein€e on the use of facial protection, which
is more visible and for this reason might be pemgias exposing the farmer to social judgment

or control.
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The results also suggest that the factors movitagraer towards the use of PPE can be different
from those influencing him or her in using the gupoént regularly. For example, the share of
pesticide application work or the experience ofeadg health effects significantly influenced the
probability of deciding to use both gloves and d&grotection, but not the probability of using

these items regularly.

In summary, no unique pattern of decision about BB&Ecan be identified, but different ones,

depending both on the piece of equipment and thatsdrequency of use.

IMPLICATIONS: FIVE KEY ISSUES FOR EFFECTIVE INTERMETIONS

Education and information programs are usually psegd to trigger more sustainable PPE use
among smallholder farmers and pesticide applicatdosvever, such programs may not be the
most appropriate in the case of farmers who alrshdyv a relatively high level of awareness of
the risks involved and their potential adverse theaffects® In such cases, different strategies

§6,47,48

and tool might be more effective in fostering a behaviothhnge at individual and

collective levels.

The results of the present study suggest that dtvategies should be considered to develop
interventions which can effectively trigger a tréios towards more sustainable PPE use in
communities of smallholders such as those in thdysarea: (1) diversifying targets and tools;

(2) addressing structural aspects (particularlyadastructures); (3) sustaining the interventions
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in the medium- and long-term; (4) targeting farrhérarning-by-experience; (5) addressing the

issue of PPE use at a collective rather than awidhuhl level.

First, diversification seems necessary in ordeaddress the drivers acting as barriers in the
individual decision-making process. For exampleyvimg a non-user to use of PPE may be
different than moving an inconstant sometimes ueea regular use of gloves. The results
suggest that the descriptive norm may influencermseh more in the second than in the first
case. In addition, the drivers influencing theisien to use certain pieces of equipment differ
from those influencing the decision to use othéfimally, farmers with different personal

characteristics, such as age and sense of complwaith the prescriptive norms, may make
dissimilar decisions. Thus, a set of diverse, appately selected tools is more likely to yield

good results.

Second, structural issues should be addressedistessential in supporting a change at social
level*® One social structure, the cultural construction toé identity of farmer, seemed
particularly to reinforce PPE misuse in the studgaa Structural aspects can require higher
intervention costs and a longer duration, but,hes dnalysis suggests, a change in structural
aspects might cause a significant change in thersyand, eventually trigger a critical transition.
Addressing other structural aspects beside thealsstiucture may also trigger behavioral
change. For example, innovation in the materiamfivhich the equipment is made is likely to
decrease the feeling that the equipment is hindahe farmers, thus increasing the probability

of use.
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Third, because structural drivers are unlikelyharmge in the short-terii>°>'it seems essential

to sustain the interventions in the medium- andptarm.

Fourth, farmers’ learning-by-experience should amated in order to trigger the transition
towards more sustainable PPE use. The present ptadided evidence that farmers tend to
learn by their direct negative experiences. Combimath the low significance of formal
education influencing PPE use, this indicates fdwahers’ learning processes are more practice-
than theory-based. This is in accordance with thecept of “repeated experienc® through
which agents have the opportunity to develop adapsirategies by introducing new cultural

orientations which are collectively shared and ptex

This leads to the fifth and final issue, namelytthmdequate PPE use should be addressed
collectively instead of individually. This might ®unterintuitive for farmers, as they tend to
consider health as an individual and not as a kpcablem. However, individual farmers are
unlikely to change their behavior alone since tregss of compliance to the descriptive social
norm is so strongly related to farmers’ personaltgution choices. Furthermore, it has been
demonstrated that the promotion of dialogue conogripesticide issues may result in a
behavioral chang®. In addition, identifying active social networks darinvolving the
“exceptional few,” that is, farmers who are parddcly influential in the social community,

might prove to be an effective strate§y>>>

These five strategies could also be consideredirwithe framework of already existing

intervention programmes, such as the Farmer Fielb&@s>*°> which were probably the most
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effective intervention for farmers in rural commiigs in LDCS® and in the Ande¥>’ but
which so far have only marginally addressed PPE 8seh strategies could address not only
PPE use during the application of pesticides, Hab ather issues such as selection of
appropriate PPE or PPE maintenance, which weradudressed in the present study, but which
are likely to increase the probability of reducpesticide exposure and its related health effects.
Either within the framework of the Farmer Field 8als, or in other kinds of interventions, the
results of the present research suggest that enrvarttion strategy based on the above mentioned
five key issues may indeed trigger a transitiorcpss and that such a process may take the form
of a discontinuous change, that is a critical titeorg at system level, as suggested by Scheffer et

al3®

Such a conclusion opens the door to further rebesreestigating the dynamics of such a
transitional change. This change depends, ultimateh the continuous interaction of the
individual and systemic level, that is, individudécisions taken in the context of social and
physical structures over time. From this perspectivis interesting to understand under which
conditions individual choices about pesticide ussymroduce a structural change and which
interventions and strategies can foster such avilmiagchange at a collective, systemic level.

These research questions require the use of a dymearspective, which could be based either
on simulation modelling or on case-study reseamhere appropriate historical data are

available.
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Further research into the dynamics of transiti@mange would not only help in designing more
effective interventions addressing PPE and pestiogk, but would also provide insights that are

key to understanding the more general processasfgehin social and social-ecological systems.
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the field phase and to Laura de Baan for her comsen a previous version of this manuscript.
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