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Objectives In low- and middle-income countries (LMIC), there is mixed evidence on the effectiveness of inter-
ventions in improving workplace conditions among hazardous industries. In Thailand, a particularly hazardous
industry with high injuries is informal electronic waste (e-waste) recycling. We investigated whether developing
an optimized tool to dismantle e-waste would reduce injuries.

Methods We conducted a quasi-randomized control trial to determine the perceptions and efficacy of the opti-
mized tool in reducing worker injuries over three months among 89 workers. The optimized tool for dismantling
e-waste was designed following employee and business owner input using conjoint analysis. Workers were quasi-
randomized into an intervention (ie, receiving the tool) or control (ie, not receiving) group from an auction. We
conducted differences-in-differences Poisson regression to examine differences in self-reported injuries and near
misses over three months follow-up between the intervention and control groups.

Results Among 44 workers who received the tool, workers self-reported that the tool created a safer work
environment and reduced near misses, hammer danger, hand vibrations and hand pain. Among 42 workers (21
treatments, 21 controls) with complete information, the intervention reduced self-reported injuries over three
months [difference-in-differences: -58%, 95% confidence interval (CI) -19— -79%]. Similar reductions in near
misses were observed but not statistically significant (-53%, 95% CI -92-173%).

Conclusions Our study suggests that meaningful reductions in injury risk for specific types of work can be
achieved with co-designed tools optimized to consider inputs from multiple stakeholders. This approach can be
especially useful in resource-constrained environments, including working conditions in LMIC.
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While the occupational safety of high-income countries
such as the United States has improved over the last
several decades, occupational injuries and illnesses in
many low- and middle-income countries (LMIC) have
intensified (1, 2). This disparity is in part driven by the
effects of globalization, wherein hazardous jobs have
been transferred from high-income countries to LMIC in
order for companies to reduce employee wages and work-
place regulatory requirements (3). In addition to insuffi-

cient safety protections, a lack of occupational regulation
enforcement, low awareness of occupational safety risks,
and resource constraints, adapting work-related interven-
tions developed in high-income countries to workplaces
in LMIC presents further challenges. As such, there has
been a lack of interventions designed and implemented
to reduce occupational injuries in LMIC.

Informal electronic waste (e-waste) recyclers in
Thailand provide an important case study to develop
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appropriately designed workplace interventions. Dis-
carded products that contain electronic or electrical com-
ponents (e-waste), is a global threat to human and eco-
system health in low-income countries, which are also
disproportionately burdened by the import of e-waste
from higher-income countries (4). While e-waste cre-
ates much-needed employment opportunities in these
countries through the recovery and sale of valuable
components from e-waste (eg, metals), such employ-
ment is often informal, precarious, and performed in
resource-constrained work environments with little-to-
no access to personal protective equipment or safety
training (5). As a result, e-waste recyclers experience a
wide variety of work-related adverse health outcomes,
including hearing loss, stress, thyroid dysfunction, and
DNA damage (6).

Occupational injuries are also a particular concern.
The work environments of informal e-waste recycling
varies across different regions of the world, but in
Thailand (a middle-income country), workers often dis-
mantle hundreds of pounds of e-waste of different sizes
and composition (eg, televisions, computers, washing
machines) in their own homes. They typically do not
wear or have access to gloves or close-toed shoes to
reduce their risk of acute injury. Workers use any avail-
able tool (eg, modified lawn mower blades, scissors,
hammers and chisels) to dismantle e-waste, and since
most recyclers work at their own homes, their work
environments are not conducive to proper ergonomic
postures (eg, not sitting low to the ground, not being
bent over), increasing their risk of chronic injuries such
as musculoskeletal disorders. As a result, e-waste work-
ers in many countries experience occupational injuries
(7-9). Given the informal, dynamic, and hazardous
nature of this important recycling work, interventions to
reduce injury burden are needed. The only example of an
intervention targeting occupational injuries we identified
in a search of the literature — at Agbogbloshie Market
in Ghana — was shown to have marginal efficacy (10).

This study sought to address the high prevalence of
occupational injuries among informal e-waste recyclers
in Thailand by focusing on one point of intervention: the
tools used to dismantle e-waste. Using conjoint analy-
sis guided by the preferences of the informal e-waste
recyclers themselves, we designed an optimized tool for
dismantling e-waste (11). We then conducted a quasi-
randomized control trial to determine the perceived
performance and efficacy of the optimized tool in reduc-
ing worker injuries. We hypothesized that receiving the
tool would reduce injuries compared to not receiving
the tool.
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Methods

This quasi-randomized control trial (RCT) assessed the
number of occupational injuries experienced by infor-
mal e-waste recyclers in Thailand before and after an
intervention where some recyclers dismantled e-waste
using an optimized blade. Injuries were assessed using
surveys administered to the participating recyclers. The
optimized tool for the quasi-RCT was designed with
worker input using conjoint analysis and has been previ-
ously detailed (11).

Briefly, nine e-waste workers provided preliminary
input that a blade would be the preferred tool for dis-
mantling e-waste. Subsequently, conjoint analysis was
conducted, which estimates the utility for each blade
attribute that would enable mechanical engineers to
design an optimal tool. The analysis included 98 e-waste
workers, who rank-ordered five blade attributes: price,
handle position, blade length, blade thickness, and pres-
ence of a guard. The optimized tool from the conjoint
analysis was a blade design with a 9-inch-long blade of
Y inch thickness on one side, tapered to dull blade on
the other side and with a guard and handle (figure 1),
which was manufactured locally for under 350 Baht
(equivalent to roughly $11.50 USD in 2019). The study
was conducted in three stages from August to December
2019: (i) a baseline survey to understand workplace inju-
ries, (ii) an auction to determine the quasi-randomized
allocation of the optimized tool to participants, and (iii)
a follow-up survey to characterize workplace injuries
after tool assignment.

Study participants

Participants were recruited from a small community in
Northeastern Thailand (Kalasin Province) via conve-
nience sampling with assistance from local community
health volunteers and in-country researchers from Mae
Fah Luang University. This setting was chosen because
e-waste recycling has become prevalent in the commu-
nity as a secondary form of income generation. Eligible
participants had to be >18 years old, engage in e-waste
recycling as a primary or secondary source of income,
and primarily dismantle e-waste. Other common activi-
ties conducted by e-waste workers, but not assessed

Figure 1. Optimized tool used in the intervention group (handle in side
position, 9-inch blade, thick blade, guard).



here, include collecting, sorting, and burning e-waste.
Participants were ineligible if they did not report using
a blade or chisel tool to dismantle e-waste. Eligible
participants signed an informed consent form prior to
enrollment and participation. The University of Michi-
gan approved the research methods in the United States
(approval number HUM00114562) and Mae Fah Luang
University did so in Thailand (REH-59104).

Stage 1: Baseline survey

In August 2019, a student from Mae Fah Luang Uni-
versity, accompanied by a local health volunteer and a
University of Michigan researcher, administered a base-
line survey to each participant. The survey was origi-
nally developed in English by University of Michigan
researchers with input from Mae Fah Luang University
researchers to ensure there was high fidelity when trans-
lated into Thai. A Thai- and English-speaking researcher
at Mae Fah Luang University translated the English
survey, and a Thai and English-speaking researcher at
the University of Michigan translated the survey results
back into English.

The survey collected information on demographic
information, job history, occupational injuries, business
management and organization, and income structure.
Workplace injuries were assessed by asking “In the last
3 months, about how many total times have you been
injured while doing e-waste work?”. Near misses were
assessed by asking “In the last 3 months, how often do
you think were you almost in accident or almost injured
while doing e-waste work?”.

Stage 2: Auction and quasi-randomization

The auction methodology was built on the Becker-
DeGroot-Marschak mechanism (12). The purpose of
the auction was to estimate participants’ willingness-to-
pay (WTP) for the new tool. Before the auction began,
researchers collected a pilot sample of “bids” (ie, how
much each individual would be willing to pay for the
new tool) from a subset of 20 study participants in
order to set the WTP distribution for the tool. At each
home during the auction, this distribution was used to
randomly select a price draw. This means that the price
of the tool varied randomly by household.

In November 2019, researchers visited each partici-
pant at their home. Each participant was given US$10 in
tickets (each worth US$1) for use in the auction sale.
Each auction was held individually, ie, between a single
participant and the research staff conducting the auction.
The participant was shown the new tool, received an
explanation of its potential benefits, and was allowed to
experiment and handle the object to assign it some value
in their minds. Before the actual auction, we hosted a
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“practice sale” by providing the participant the opportu-
nity to buy an everyday object with a retail value of US$1.
The objective here was only to familiarize the participant
with the auction process, as participants had one chance to
buy the tool. Participants wrote down on a sheet of paper
their maximum WTP for the tool in number of tickets
(1-10, in units of US$1). The average WTP was 364 baht
(equivalent to US$12 in 2019). This price was compared
with the random price chosen by the researchers. If the
bid was above the random price, then the person paid the
random price (in tickets) to buy the product. If the price
was above the participant’s bid, they did not buy the prod-
uct. Thus, half of participants were randomly assigned to
use the optimized tool in in their usual e-waste recycling
work for 8-12 weeks until the stage 3 follow-up, while
the other half served as controls.

We consider this study to be a quasi-RCT. While
participants were allocated into either the intervention
(ie, received the tool) or control group, those who had a
greater interest in using the optimized tool would have
been willing to pay more for it. Thus the method of
assigning treatments and controls was not truly random.
While a truly random assignment of treatments and con-
trols is ideal for causal inference, in order to balance the
interests of our interdisciplinary team in occupational
health, economics, and mechanical engineering with
the logistical constraints of implementing this study,
we coupled the Becker-DeGroot-Marschak mechanism
with treatment/control assignment with the intention of
accounting for potential treatment bias using inverse
probability weighting.

Stage 3: Follow-up

Accompanied by a local health volunteer and University
of Michigan research staff member, a student from Mae
Fah Luang University administered a survey in Decem-
ber 2019 to all participants who completed the baseline
survey. The survey collected data on use of the new tool
(for participants who received the tool), occupational
injuries since the beginning of stage 2, income changes,
and opinions on tool design. The survey enabled a com-
parison of outcomes among the intervention group that
received the new tool and the group that did not.

Participant remuneration

Remuneration was in the form of personal protective
equipment (PPE) rather than cash in recognition of local
Thai customs of gift-giving. Subjects were compensated
at the end of each stage for their participation, with
total remuneration ranging from PPE worth US$20-30
depending on whether participants received the new tool
from the auction.

Scand J Work Environ Health, vol 52, no 2 141
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Statistical analysis

Descriptive statistics. All statistical analyses were con-
ducted in R v.4.4.1. At baseline, we conducted summary
statistics (eg, percentages, means) on the sociodemo-
graphic characteristics of the participants. We broke
down these summary statistics by the intervention and
control groups to assess group differences. Among the
subset of participants who received the tool, we also
assessed their perceptions of the tool’s efficacy on creat-
ing a safer workplace and reducing injury risk.

Difference-in-differences regression modelling. To test our
main hypothesis that recyclers who received the tool
would have significantly fewer injuries than those who
did not receive it, we conducted two difference-in-dif-
ferences regression analyses, one each for the outcomes
of all injuries and near misses compared at baseline
and follow-up. A Poisson regression model was fitted
to estimate the relative risk (RR) of injuries. We fit a
logistic regression model to estimate the odds ratio (OR)
of reporting a near-miss during at least half of a partici-
pant’s workdays. Logistic rather than Poisson regression
was used as there is likely recall bias for near-miss
events; the binary classification of near misses likely
reduces the impact of this recall bias on our estimations.
The data was stored in panel format for modelling, such
that each participant contained two observations: the
number of incidents at baseline and endline.

For each model, the main independent variables
of interest were the tool intervention assignment and
change in time between baseline to endline, as well as
an interaction term between the two variables to assess
the difference-in-differences. Each model was adjusted
for gender to account for potential confounding. Since
the tool intervention assignment was quasi-random, we
incorporated inverse probability of treatment weighting
(IPTW) to ensure exchangeability between those who
received the tool and those who did not. The probability
of being in the intervention group was estimated using
a logistic regression model, with age and household

income chosen as predictors after comparing differences
in sociodemographic characteristics between the two
intervention groups. Inverse probability weights were
calculated and were applied to each regression model.
The effect estimates are reported according to recom-
mendations by Knol & VanderWeele (13).

Results

Eighty-nine workers participated in the baseline survey
and auction, of which 42 finished the study through
follow-up with complete injury information. Among
these 42 participants, 21 (50%) received the tool in the
auction and 21 did not (50%). The sociodemographic
characteristics for the participants with complete infor-
mation and all enrolled participants are presented in
table 1. The intervention group was slightly older [mean
47 (standard deviation (SD) 12) years] than the control
group [45 (SD 12) years]. Those in the intervention
group had a generally lower household income than
those in the control group.

Figure 2 displays the perceptions of the tool interven-
tion on workplace safety among workers who received
the tool (N=44) regardless of whether they completed
the entire study. All workers (100%) who received the
tool reported that it created a safer workplace. The
majority of workers reported improvements to injury
risk. Around 95% of workers reported a reduction in
near misses and 89% reported reduced hammer danger.
A similar percentage reported ergonomic improvements
from the intervention, including reduced hand vibrations
(84%) and reduced hand pain (82%). Only 16% reported
that the intervention reduced back pain.

Among the 42 participants with complete informa-
tion, table 2 presents the risk ratio between the interven-
tion group and the control group over time (baseline to
endline) and the risk of all injuries in the previous three
months, after controlling for gender and accounting for
potential treatment assignment bias (using IPTW). At

Table 1. Descriptive statistical results and comparison of demographics between intervention (received optimized tool) and control (did not receive
optimized tool) groups among Thai workers who completed the study or enrolled in the study. [SD=standardized deviation; IQR=interquartile range.]

Characteristic Age (years) Household size Gender (male)  Household income Education Baseline injury Baseline near
(<10k Baht) (primary or none) count misses?
Summary statistic Mean (SD) Mean (SD) N (%) N (%) N (%) Median (IQR) N (%)
Completed study
All (N=42) 46(12) 45(1.9) 22(52) 14(33) 19 (47) 0(1) 19 (45)
Intervention (N=21) 45(12) 4.4(1.7) 8(38) 6(28) 8(38) 1(1) 11(52)
Control (N=21) 47(12) 4.6(2.1) 14(67) 8(39) 11(52) 0(1) 8(38)
Enrolled in study
All (N=89) 48(10) 4.6(2.2) 44 (49) 30(33) 55(62) 0(1) 44 (49)
Intervention (N=36) 46(12) 46(2.2) 17 (47) 11(31) 18(50) 1(1) 18 (50)
Control (N=53) 49(9) 4.6(2.2) 27(51) 19 (26) 37(70) 0(1) 26 (49)

2 As a count of individuals who experienced near missed on more than half of their workdays.
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Figure2.Perceptionsoftheimpactofthetoolinterventiononworkplace
hazards among those who received the tool (N=44).
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Table 2. Risk ratios (RR) and 95% confidence intervals (Cl) of all injury countsin the last three months by joint effect between study period and inter-
vention status. Model ? adjusted for gender. Inverse probability of treatment weights were constructed using a logistic regression model regressing
age and income level onto whether participant received a tool to account for potential confounding of who received the tool.

Baseline Endline Study period within strata of intervention status
RR (95% Cl) RR (95% Cl) RR (95% Cl)
Did not receive tool Reference 0.91(0.59-1.38) 0.91(0.59-1.38)
Received tool 0.89(0.58-1.35) 0.34(0.19-0.57) 0.38(0.22-0.64)

@ Measure of effect modification on multiplicative scale: RR of interaction term 0.42 (95% Cl 0.21-0.82).

Table 3. Odds ratios (OR) 95% confidence intervals (Cl) of experiencing near-miss incidents on more than half of workdays in the last three months
by joint effect between study period and intervention status. Model ? adjusted for gender. Inverse probability of treatment weights were constructed
using a logistic regression model regressing age and income level onto whether participant received a tool to account for potential confounding

of who received the tool.
Baseline Endline Study period within strata of intervention status
OR(95%Cl) OR(95% Cl) OR(95% ClI)
Did not receive tool Reference 0.65(0.18-2.30) 0.65(0.18-2.30)

Received tool 1.65(0.48-5.83)

0.50(0.14-1.77)

0.30(0.09-1.01)

@ Measure of effect modification on multiplicative scale: odds ratio of interaction term 0.47 (95% C10.08-2.73).

baseline, workers who received the tool did not have sta-
tistically significant differences in all-injuries compared
to those who did receive the tool. At follow-up, those
who received the tool reported 62% (95% CI 36—78%)
fewer injuries in the three months prior compared to
baseline (table 2). The effect of the intervention was
statistically significant (difference-in-differences: -58%;
95% CI -18—-79%). No statistically significant differ-
ence in the odds of near-miss incidents were observed
between the two groups (table 3), although a negative
relationship was observed as well (difference-in-differ-
ences: -53%; 95% CI -92-173%).

Discussion

This study employed a quasi-RCT to evaluate the effi-
cacy of a tool intervention designed to reduce occu-
pational injuries among informal e-waste dismantlers

in Northeastern Thailand. Participants either received
the intervention or served as controls. Workplace inju-
ries were assessed at baseline and approximately three
months post-intervention. As the intervention group
showed a statistically significant reduction in injuries
over time, the results support our hypothesis that receiv-
ing the tool reduced occupational injuries compared
to not receiving it. While there were no statistically
significant differences detected between the groups in
terms of near-miss incidents, an overall reduction was
nevertheless observed. These findings suggest that our
engagement with informal e-waste recyclers to develop
and implement an optimized tool design was effective
in reducing workplace injuries.

At the time of this study, there appears to have been
only one other interventional study designed to reduce
work-related injuries among informal e-waste work-
ers in LMIC. That intervention — the introduction of a
mechanized wire-stripping machine for informal e-waste
recycling in Agbogloshie Market in Accra, Ghana — was
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intended to reduce injuries as well as exposure to air
contaminants associated with burning (rather than strip-
ping) e-waste cables. The machine was considered a
failure due to lack of take-up from the e-waste recycling
workforce, which was in turn partly due to a lack of reli-
able electrical power to run the machine (10). Several
other workplace interventional studies in Thailand (not
among e-waste recyclers) yielded similar findings of
reduced workplace injuries and improved workplace
conditions (ie, heat and lighting) (14, 15). However,
there is mixed evidence on the general effectiveness of
workplace interventions in LMIC that seek to improve
other health endpoints and working conditions. For
example, several studies have reported that workplace
conditions and health behaviors (eg, accidents, tobacco
use, HIV prevention) have deteriorated or worsened
after implementation of workplace health promotion
interventions (16—-19).

A 2020 systematic review on workplace health pro-
motion in LMIC identified seven key factors influencing
the effectiveness of interventions: (i) long intervention
time; (ii) meeting worker needs; (iii) active education
strategies; (iv) commitment from workplace leaders;
(v) involvement of workers; (vi) outside help to sustain
intervention; and (vii) difficulty of business operations
(20). Our study considered a few of these factors (ie, fac-
tors 2, 4, 5, and 7) in the intervention design, which may
explain why we observed reduced workplace injuries.
The overall success of the intervention is likely attribut-
able at least in part to the previous studies we conducted
prior to this interventional study with this community of
e-waste workers and the conjoint analysis that gathered
workers’ preferences in the design of the intervention tool
(11, 21-25). While previous studies have demonstrated
that a sustained, long-term intervention is an important
factor influencing effectiveness (20), the acute nature
of our study’s outcome (ie, injuries) made the relatively
short intervention time of three months appropriate. On
the other hand, due to limited funding, our study lacked
active education strategies, commitment from workplace
leaders, and outside help to sustain the intervention
beyond a few months. Thus, while our intervention may
have reduced injuries in the short term, it is unclear that a
long-term reduction in injuries would persist, particularly
in the event that the tool breaks and is no longer usable
(which happened to a handful of participants over the
short duration of the study).

Limitations

The relatively small sample size of participants who
completed both baseline and endline surveys with all
necessary information (N=42) limits the statistical power
of our findings. Due to the nature of the auctioning
process, participants with a greater interest in the tool
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may have been more likely to receive the tool, leading
to potential self-selection into the intervention group,
causing potential bias. While we employed IPTW to
minimize this bias and ensure exchangeability between
the two groups in this intervention study, there may be
other confounding factors that our study was not able to
measure. Due to the informal and fluid nature of e-waste
recycling and study recruitment, approximately half of
initial participants who enrolled at baseline were not
included in the analyses due to lack of follow-up. This
potentially introduced selection bias, although baseline
participant characteristics measured in this study (age,
gender, household income, education, injuries) did not
vary substantially between all participants and the subset
of participants with complete data.

The outcomes of this study relied on self reporting
of injuries and near misses. Injuries can be traumatic
and easier to recall, likely resulting in less measurement
error which can explain why we were able to observe
statistically significant differences between those who
received and did not receive the tool. However, those
who received the tool could have over-reported how well
the tool worked because it can be difficult to get criti-
cal feedback from users in a design process, notably in
cross-cultural settings with power dynamics at play. This
phenomenon was potentially limited by the fact that the
follow-up survey was conducted by different people to
those who brought the tools. Near misses, as compared
to injuries, are inherently less memorable than injury
events and may therefore be more difficult to recall after
three months. We attempted to reduce potential measure-
ment error by categorizing workers based on whether
they reported high or low near misses (ie, above or
below more than half of workdays). Future studies may
consider using daily diaries at the end of each workday
to obtain more reliable near miss data. Regardless, the
total sample size with complete information on near
misses was small (N=22), and the combination of high
measurement error due to recall bias and low sample
size may in part explain the wide confidence intervals
in the near miss regression models.

Our study suggests that low-cost occupational safety
interventions, co-designed with the workers they are
intended to protect, can result in meaningful reductions
in injury risk (at least in the short-term) among workers
in resource-constrained settings. Additionally, the expe-
rience of the study team evaluating informal e-waste
recycling work on three continents (Africa, Asia, and
South America) indicates that the dismantling activi-
ties associated with e-waste recycling have similarities
across the three disparate locations (8, 21, 26). Rather
than developing multiple interventions to address injury
risk reduction in this vulnerable workforce, interven-
tions like the one evaluated here may be scalable to
different locations with no or minimal modifications.



While the accuracy of this notion must be assessed with
additional research, if it is shown to be correct this could
further help reduce the costs associated with interven-
tions to reduce the burden of occupational injuries in
informal e-waste workers. Even with such scalability,
though, innovations are needed to ensure that this and
other interventions are sustainable over the long term.
One factor that will likely be important to ensuring the
sustainability of such efforts is the local availability of
workshops that can fabricate safe tools; our tool was
designed with this goal in mind.

Concluding remarks

Informal e-waste workers around the world face injury
risks every day and subsequently bear a high burden
of occupational injuries. The intervention described
here demonstrates that a thoughtfully designed inter-
vention (here, in the form of a purpose-built tool co-
designed with input from workers and occupational
safety researchers) can significantly reduce occupational
injury risk. While this tool was intended to reduce inju-
ries experienced during only one of the many activities
associated with e-waste recycling (ie, dismantling),
this activity is one of the highest-risk activities asso-
ciated with recycling electronics, and as such may
play a disproportionate role in the injury experience of
these workers. Additional interventional innovations are
needed to further reduce the risk of injuries and illnesses
among this critical but understudied and underserved
sustainability workforce.
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