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Abstract

Objective: The e-waste recycling is increasing worldwide, yet there remain
outstanding environmental and occupational health concerns. Most research
conducted on e-waste recycling has focused on only few countries (e.g.,
China, Ghana), thus there is a need to increase understanding of e-waste
workers’ (recyclers’) knowledge and practices in other locations, that is pur-
pose of this study. Methods: In a cross-sectional study conducted in Coto-
nou, Benin, 45 e-waste recyclers were interviewed from September to No-
vember 2018. Survey data was collected concerning their demographics, pro-
fessional practices, and knowledge of occupational and environmental risks
associated with e-waste recycling. Results: Most participants reported the
following methods of material recovery of electronic items in declining or-
ders: dismantling (97.8%) > sorting (91.1%) > incinerating (88.9%). Only
44.2% of the recyclers reported wearing > 1 piece of personal protective
equipment (PPE). More than 90% of e-waste workers noted that they dis-
posed the e-waste in natural sites. About half, 46.7% believed that e-waste can
pollute water and 71.1% considered that it can pollute air and soil. Recyclers
reported several diseases including respiratory (67.4%), heart (62.8%), eye
(65.1%), kidney (41.9%) and cancers (30.2%) could be linked to their work,
respectively. Interestingly, we also found associations between the number of
electronic items dismantled per month and self-report symptoms from the
e-waste recyclers such as finding blood in urine and stool, wounds, dizziness,
and itchy skin. Our results also indicated associations between the number of
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hours worked per day and blood in urine, dizziness, itchy skin and airway
obstruction. Conclusion: To our knowledge this is the first study to inter-
view e-waste workers in Benin. Doing this increase understanding of their
work practices and knowledge to help inform intervention and prevention
activities.
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1. Introduction

Population growth has increased the need for the use of electrical and electronic
equipment [1]. This has increased the production of electrical and electronic
waste (e-waste) all over the world [2]. In 2016, the quantity of e-waste reached
approximately 44.7 million tons worldwide, with a production of approximately
6.1 kg/inhabitant. This number is projected to grow to 52.2 tons worldwide in
2021 or 6.8 kg/inhabitant [3]. Much of the world’s e-waste is transferred from
high-income countries to those considered to be developing countries [4] [5] [6]
where many are dependent upon this recycling activity for employment [7] [8].

Africa has the lowest rate of e-waste production worldwide (2.2 million me-
tric tons and 1.9 kg/inhabitant), and it is also a region in which few of the
electronics used are recycled with estimates suggesting that less than 1% of
e-waste formally collected is recycled [3]. Africa generates relatively little
e-waste but it receives thousands of tons of e-waste each year from developed
countries [9]. The e-waste that is processed across Africa contains chemical
substances that potentially pose risks to the environment including (air, soil
and water) [8] [10] as well as health risks to e-waste the workers [7] [8] [11]
[12]. Several studies have shown that recyclers have little knowledge of the
health and environmental risks associated with the e-waste recycling activities
[7] [13] as they are primarily motivated by financial benefits [14]. Few recyc-
lers are aware of the possible links between their activities and environmental
pollution, as well as with diseases they might get [7]. For example, studies by
Ohajinwa, Van Bodegom [13] and Black, Karki [15] showed that few recyclers
wear PPE in their daily activities.

There are a handful of studies concerning occupational health and environ-
mental risks among e-waste recyclers across Africa, mainly from Ghana [16]
[17] [18] and Nigeria [13] [19] [20]. These studies emphasize potential preven-
tion and intervention strategies [21]. However, in most African countries there
is limited research on the demographics, knowledge and practices of e-waste re-
cyclers. Therefore, the objectives of this study are: 1) to increase understanding
of these factors (knowledge and practices) by interviewing e-waste recyclers of
Cotonou, Benin, and 2) to find an association between knowledge, practices and

self-reported health repercussion.
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Figure 1. Mapping of study sites.

2. Methods
2.1. Study Design

A cross-sectional, mixed-method research study was conducted in which quan-
titative and qualitative methods were used. This study was conducted from Sep-
tember to November 2018 in Cotonou. Cotonou is home to almost all e-waste
recycling activities in Benin, and therefore most recyclers. All study participants
were e-waste workers who signed a consent form. Data were collected through
interviews anonymously. Ethical approval for this work was received from the
Research Ethics Committee of the Institute of Applied Biomedical Sciences of
Benin (CER-ISBA) (reference: No 113-07/09/18).

2.2. Study Population

E-waste recycling activities in Benin (like most other settings) are largely con-
ducted in the informal sector and thus deemed illegal [22]. This prevents data
collection regarding the number of e-waste recyclers in Benin. As such, it is dif-
ficult to enumerate the number of employees in the e-waste sector and to also
recruit participants in a truly representative and unbiased manner. Nonetheless,
as the first study of its kind in Benin, here we adopted a convenience sampling
strategy and thus recruited all e-waste recyclers working in Cotonou who con-
sented to participate during the investigation period. In doing so, we were able
to recruit a total of 45 recyclers from six different sites such as: Agla, Barriére,
Hindé, Kpankpan, Adogléta and Donatin (see Figure 1). This could have an
impact on the representativeness of the e-waste recyclers. Nevertheless, this bias

KOUHOUNOU! -~ G\ A : "
U 4 . - Adoglétasite
g N e Hinde site (- { @
;i A

S SAINT-UEAN SEGBEYAL SENADE

Cotonou = S 2 3 X AVOTROU
Barriere siteld e pankpan;site 3
£LO8
SAINT-MICHEL &
HOUENOUSSOU » ¢

@ Donatin siten

Fo 0 ZONGO ' % \ Y SODJEATINME !

/Aéroportiinternation “ CADJEHOUN.
iCardinal|Bernardin:.
& SAHAIEWVIVE
% By

/ Airbus Data SIO, NOAA, U.S. Navy, NGA, GEBCO TerraMetric:

DOI: 10.4236/0dem.2021.92004

35 Occupational Diseases and Environmental Medicine


https://doi.org/10.4236/odem.2021.92004

M. G. K. Houessionon et al.

was controlled by including all e-waste recyclers available during the study pe-
riod and at several (larger) recycling sites.

To participate in this study, it was necessary for the e-waste recyclers to be ac-
tive for at least 3 months and residing in Cotonou. Recyclers who work in Co-
tonou but reside elsewhere were not included in this study. For the participants
under 18 years old, permission from parents or guardians was obtained prior to

any formal engagement.

2.3. Data Collection and Analysis

Data collection focused on obtaining information on the workers’ demographics
and professional practices, a proxy for work intensity and thus exposure. In ad-
dition, we surveyed them on their knowledge of the risks associated with their
activities. The survey was based on a standardized questionnaire [23] and
adapted to the Benin context concerning self-reported health information. The
adapted questionnaire was pre-tested with 5 e-waste workers in Abomey-Calavi,
a neighboring city of Cotonou, to avoid polluting the study area. Surveys were
completed through individual face to face interviews. In addition, we made
global and direct observations of the activity in the field and realized this
through the development of observation grids. To these different techniques, we
added the documentary analysis which made it possible to collect information to
describe the context of recycling e-waste in Cotonou.

The survey sheets were manually scanned and entered a pre-developed mask
using SPSS version 21.0 software. The collected data were initially subjected to
descriptive statistical analysis. Next, bi-variate association tests were conducted
(using the Chi-square test with a significance level of 5%) to characterize possi-
ble links between recyclers’ knowledge and their ways of organizing recycling
activities. The graphs were generated using Microsoft Excel 2013.

In terms of qualitative data, triangulation of the information collected re-
vealed similarities in the responses of study participants. Pictures taken in the

field illustrated some of the recyclers’ practices.

3. Results
3.1. Professional Profile of Recyclers

All participants in our study were male, and their average age was 24 years and
ranged from 16 to 45 years. Most of the workers were Beninese (57.8%) and the
rest hailed from Niger. Almost half (47.7%) of the study participants have no
level of education while 36.4% and 15.9% respectively have a primary and sec-
ondary level of education. Most of the recyclers are single (62.2%) e while 20%
are married and 18.8% are in a common-law partnership.

In terms of income, 38.6% of the recyclers earn between 50 and 100 thousand
CFA francs per month, and 34.1% of them have a monthly income below 50
thousand CFA francs. It should be noted that 20.5% of them have incomes be-
tween 100 and 200 thousand while 6.8% earn more than 300 thousand.
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Twenty percent (20%) of recyclers have worked in e-waste recycling for less
than one year, while 26.7% of them have worked between 1 and 3 years, 13.3%
have worked between 3 and 5 years, 17.8% have worked between 5 and 10 years,
and 22.2% have worked for more than 10 years recycling e-waste. The majority
(71.1%) of the recyclers surveyed engage in no other professional activity except
e-waste recycling. It is noted that 8.8% of recyclers are ordinary craftsmen while
19.9% are craftsmen who may be exposed to heavy metals through their work
tasks (e.g., blacksmith, welder, mechanic and turning adjuster).

When surveyed about the e-waste recycling practices, most of the perform
multiple tasks with most indicating that they dismantle (97.8%), sort (91.1%),
incinerate (88.9%) and collect (77.8%) of e-waste. In addition, many of them sell
e-waste spare parts (66.7%) and some (8.9%) will engage in repairing the broken
electronics received.

Dismantling is the recycling method most adopted by recyclers in Cotonou.
This method allows them to separate the different materials from each electrical
and electronic equipment before sorting or incineration. We queried workers on
the number of specific electronic items that they dismantled each month, and
the proportions are provided in Figure 2. On average, the decreasing rank-order
of items most dismantled each month included: Mobile phone (84 units) > Iron
(41 units) > Batteries (38 units) > Disk drives (35 units) > Decoder (32 units) >
Fans (21 units) > Desktop computers (18 units) > Radio (16 units) > Air condi-
tioners (13 units) > CRT TVs (12 units) > Refrigerators (9 units) > Laptop (8
units) > Plasma TV (7 units) > washing machine (6 units). These findings dem-
onstrated that a range of electronic items are dismantled in Cotonou (Figure 3).
More than 80% of recyclers dismantle more than 5 units of each type of e-waste
per month. About 20% of recyclers dismantle between 10 and more than 30
units of each type of e-waste per month.

Most (88.5%) of the recyclers interviewed said they incinerated at least once a
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Figure 2. Number of electronic items dismantled by recyclers each month.
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Figure 3. Method of disposal of e-waste residues.

week in their recycling activities (Figure 3). In general, electrical wires are being
burned, and the activities are being carried out on the shore of the Cotonou la-

goon (less than one meter from the water).

3.2. Practices of E-Waste Recyclers

Most recyclers (64.4%) indicated that they work more than 8 hours a day, while
8.9% work 4 to 8 hours a day, and 26.7% work no more than 4 hours a day. In
terms of the number of days they work each week, about half (46.7%) of the re-
cyclers work more than 5 days a week while 31.1% of them work 3 to 5 days a
week and 22.2% work less than 3 days a week.

Just under half (44.2%) of the recyclers reported wearing at least one PPE.
Among recyclers wearing PPE, 37.8% reported wearing gloves, 33.3% reported
wearing boots and 8.9% reported wearing glasses. We did not question further
on the frequency of use. For those who did not indicate wearing PPE, 28.9% said
that this was due to the lack of financial resources, 26.7% said that PPE would
slow down their work, and 22.2% said that the use of PPE increases heat and
discomfort. Finally, 17.8% of recyclers do not find it necessary to wear PPE.

In terms of hand washing, about half (51.2%) of recyclers say they wash their
hands before any meal, while 18.6% of them said they never do while 30.2%
mentioned that they occasionally do so. Respondents also mentioned variable
approaches in terms of hand washing. Some (12.8%) use simple tap water to
wash their hands while 28.2% use this water source with soap. Some (17.9%)
wash their hands with simple well water while 28.2% use this with soap. It
should be noted that 12.8% admitted to washing their hands with water and
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sand as they believe that this technique allows them to eliminate oils from their
hands. It is under these conditions that some recyclers eat at their recycling sites
(Figure 4).

More than 90% of the residues of all materials are left in the wild (Figure 4
and Figure 5). Less than 10% of the residues are burned in the open air occasionally.
In addition, less than 5% of these residues are offered to individuals who use

them to fill swampy areas as landfill to build their homes.

Figure 4. Dismantle and incineration of e-waste in Cotonou workshops which exempli-
fies the work conditions, notably that activities are generally performed on the bare group
and without personal protections.

Figure 5. Wild dumping of e-waste residues in Cotonou, recycling worker eating at the
workshop and recycling worker with a work accident injury.
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3.3. Knowledge of Environmental Risks

Among e-waste recyclers, 73.8% believed that e-waste recycling can pollute the
environment and specifically identified water (46.7%), soil (71.1%), air (71.1%)
and food (48.9%). The remaining one-quarter of respondents did not acknowl-
edge that recycling e-waste can pollute the environment. Instead, they have
identified battery acid, engine oils (refrigerators), dust and refrigerant gases, to
be the sources of environmental pollution. In terms of dangerous trace elements,
the recyclers have identified lead (Pb) as the most well-known elements (62.3%
are aware of this chemical) followed by arsenic (As) (11.8%) cadmium (Cd)
(5.4%), chromium (Cr) (3.9%) and mercury (Hg) (2.6%).

3.4. Knowledge of Health Risks

More than 72% of recyclers believed that recycling e-waste is a risk to their
health and well-being. Although only 37.2% of them think that their activities
can be harmful to the health of the general population. In terms of diseases that
originated from e-waste sites, they have identified respiratory diseases (67.4%),
heart diseases (62.8%), eye diseases (65.1%), kidney diseases (41.9%) and cancers
(30.2%). In terms of specific substances contained in e-waste the recyclers men-
tioned acids from all batteries, smoke from incineration, refrigeration gases,
motor oils and dust could pose potential health risks to the workers.

Several recyclers reported having experienced the following symptoms (in
descending orders) which they attribute to their activities: injury (88.9%), colds
(55.8%), headache (55.8%), itching of the skin (45.2%), cough (44.2%), wheezing
in the breath and airway obstruction (32.6%), eye irritation (32.6%), dizziness
(32.6%), nausea (28.6%), stomachache (23.3%), anorexia (23.3%), presence of
blood in stool (16.3%) and urine (14%) and diarrhea (9.3%). It should be noted
that these symptoms were not medically diagnosed but rather self-declarations
by the study participants (ie., recyclers).

To treat these symptoms, recyclers mainly use self-medication (73.8%) fol-
lowed by traditional medicine and homemade family recipes (7.1%), while 19%
of recyclers do not take any actions and let the symptoms pass on their own.

To scope out possible links between sociodemographic characteristics and
self-reported health symptoms, statistical tests were performed (Table 1). As
shown in Table 1, the number of electronic items dismantled per month (a
proxy for work intensity and thus exposure) is significantly associated with sev-
eral self-reported symptoms including the presence of blood in the urine and
stool, injuries, dizziness, skin itching. The number of hours worked per day is
associated with blood in the urine, dizziness, itching of the skin and obstruction
of the airways.

Statistical links between the socio-demographic profile of recyclers and their
knowledge of the health risks associated with e-waste recycling are demonstrated
in Table 2. According to Table 2, there is a statistically significant association

between a worker’s monthly income and their health status, marital status,
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Table 1. Association between health risks and work intensity and socio-demographic characteristics.

Blood i Blood i Ski
0(? n ooc in Cough Colds Injury Dizziness 1'n Diarrhea
urine stool itching
X (None) (None) (None) (None) (Prim.) (Prim.) (Prim.)  (None)
Educationallevel
66.66 71.42 68.42* 58.33 60 50 47.36 50
. (50-100Kk) (50-100k) (<50k) (<50Kk) (<50k) (100-200k) (<50k) (<50k)
Monthlyincome
50 42.85 42.1 33.33 60 42.85* 31.57 50
Marital status (Clp.) (Sing.) (Sing.)  (Sing.) (Marié) (Clp.) (Sing.) (Sing.)
66.66** 57.14 68.42 62.5% 40 50%* 73.68** 75
(No) (No) (No) (No)  (No) (No) (No) (No)
Smoker
66.66 71.42 18.47* 66.66 60 50 57.89 50
. . (Yes) (Yes) (Yes) (Yes) (Yes) (Yes) (Yes) (Yes)
Dismantling
100 85.71* 94.73 95.83 100 100 100 100
Number of phones (>30) (>30) (>30) (>30) (>30) (>30) (>30) (>30)
dismantled 83.33** 57.14 35.29 42.85 0 61.53*%* 43.75 50
Number of (6-10)  (6-10) (6-10) (6-10) (6-10) (6-10) (6-10) (6-10)
refrigeratorsdismantled 40 60** 16.66 18.18 50 23.07 17.64 0
Number of air (21-30) (21-30) (21-30) (21-30) (21-30) (21-30) (21-30) (>30)
conditioners dismantled 40 40* 13.33 21.05 25%% 33.33* 28.57* 50%
Number of (>30) (>30)  (11-20) (>30) (>30) (>30) (>30)  (>30)
irondismantled 50 50* 26.66 33.33 25 46.15%* 29.41 25
Number of disassembled (>30) (>30) (<5) (<5) (>30) (>30) (<5) (>30)
disk drives 33.33 28.57* 26.31 25 20 28.57* 21.05 25%*
Number of (>30) (>30) (<5) (>30) (>30) (>30) (>30) (<5)
decodersdismantled 40 50% 20 15.78 20%* 23.07 20 33.33
Number of working (<4h) (<4h) (>8h) (<8h) (>8h) (<4 h) (>8h) (>8 h)
hours/day 66.66* 42.85 68.42 54.16 80 50** 47.36* 75

Whistling/
obstruction
Headaches Belly aches
of the
airways
(None) (None) (Prim.)
64.28 45.83 50

(50-100k) (50-100k) (50 - 100K)

35.71 33.33 50
(Sing.) (Sing.) (Sing.)
64.28** 66.66** 70

(No) (No) (No)

57.14 62.5 60

(Yes) (Yes) (Yes)

100 95.83 100

(>30) (>30) (>30)

45.45 36.36 50*
(6 - 10) (6 - 10) (6 - 10)

30 20 22.22
(21-30)  (21-30)  (21-30)

33.33 20 28.57

(>30) (>30) (>30)

33.33 22.22 40

(<5) (<5) (>30)

28.57 25 30

(>30) (<5) (>30)

27.27 20 25
(€4 h) (>8h) (€4 h)
42.85* 58.33 50

*p < 0.05; **p< 0.01; (Dominant modality) Percentage; Prim. = Primary; Clp. = Common-law partnership; Sing. = Single.

Table 2. Association between the socio-demographic profile of recyclers and knowledge of health risks.

E-waste contain E-waste contain

substances that

substances

Respirat P ti f
es‘plra °Y' Heart diseases Eye diseases Kidney diseases Cancer are hazardous dangerous to the ereeption o
diseases healthstatus
to the health of health of general
recyclers population
50 - 100 50 - 100 k
. (-50k) (50 - 100 k) (-50k) (50 - 100 k) ( (50 - 100 k) (-50k) ( )
Monthlyincome k) (excel)
37.93 37.03 39.28 44.44 38.7 37.5
46.15 56.52*
(Sing.) (Sing.) (Sing.) (Sing.) (Sing.) (Sing.) (Sing.) (Sing.)
Marital status & & & & & & & (excel)
72.41* 66.66 71.42 66.66 61.53 61.29 62.5
52.17
s (1-3 years)
Seniority in (1 - 3 years) (+10 years) (1-3years) (5-10 years) (-1an) (1 - 3 years) (1 - 3 years) (excel)
work 27.58 22.22 31.03 27.77 30.76 25.8 37.5%
30.43
Y
(Yes) (Yes) (Yes) (Yes) (Yes) (Yes) (Non) (Yes)
Smoker (excel)
62.5 62.5%* 50 62.5 37.5 75 56.25 50

*p < 0.05; **p< 0.01; (Dominant modality) Percentage; k = 1000; Excel. = Excellent; Sing. = Single.
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respiratory disease, job seniority, and knowledge of health risk for the general
population, and between smoking and knowledge of heart disease risk.

Finally, according to recyclers, 60.5% of them have been unable to work due
to tiredness or weakness due to work pressure. The duration of this fatigue
among respondents varies in the following order: one day (39.3%) > of the res-
pondents, 2 days (28.6%)>, 3 days (17.9%), and more than 3 days (14.3%).

4. Discussion

The knowledge and practices of e-waste recyclers were analyzed via this cross-
sectional study. From this study, e-waste recycling activities do not involve
women. This has been observed in other studies of e-waste workers. For in-
stance, Yu, Akormedi [7] also documented that e-waste recycling is a male-only
activity with women working in supporting industries (e.g., food preparation) in
Ghana, Ohajinwa, van Bodegom [19] also found that males were 99% represented.
The result of our study indicated that the demographic variation of recyclers
largely involves young and poorly educated workers.

It should be recalled that more than 70% of recyclers earn less than 100,000
fcfa per month, or about 170 USD. These results are similar to those of Yu,
Akormedi [7] from Ghana. Paradoxically, Agyei-Mensah and Oteng-Ababio [14]
in a study conducted in Ghana found that e-waste workers could earn on aver-
age between US$377 and US$445, twice as much as this study reports here from
Benin. The study by Zhang, Schnoor [6] conducted in India found that workers
who strip electrical wires can earn about US$80 in 5 days.

Most of recyclers have at most 5 years of experience in e-waste recycling
which suggests that the sector is relatively new. According to the result of our
interview, 70% of recyclers have no other professional activity. These results are
different from surveys of e-waste workers from across China, [6] [24], India [25]
[26], in Nigeria [27] and in Ghana [28] where the e-waste recycling chain was
born earlier. As shown in several other studies, the main recycling activities are,
respectively, dismantling [7] [29] [30], sorting [7] [31] and burning [28] [32] of
e-waste, which align with what we report here.

Recyclers process significant quantities of e-waste per month. Most of recyc-
lers (64.4%) worked more than 8 hours per day, about half (46.7%) of them
worked more than 5 days per week. In their daily work, they give themselves
very little rest as stated by other studies (Yu, Akormedi [7], Tukker, Buist [33],
Zinjarde, Apte [34], Singh, Thind [35]. Moreover, the current study shows a link
between the workload (number of e-waste dismantled) and the symptoms expe-
rienced.

Another issue that may pose health risks to recyclers is no use of PPE. Studies
conducted on recyclers in Nigeria and Nepal indicated that over 50% of workers
do not use PPE [13] [15]. This is in line with our findings that only (44.2%) of
the recyclers used PPE and that is mostly due to discomfort, cost, unnecessary

and slower work; same reasons as those reported by another research conducted
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in Nigeria [19].

It should be noted that recyclers commonly eat at recycling sites. In the cur-
rent study about half the population will wash their hands prior to eating, which
is lower than the study by Ohajinwa, Van Bodegom [13] who reported that most
recyclers in Nigeria (68.5%) wash their hands before meals at the sites.

Recyclers are aware that their activities can pollute the soil and air but ignore
the risk to water and food; this could be explained by the fact that they operate
directly on bare soil and in the open air. This result is relatively different from
that of Agyei-Mensah and Oteng-Ababio [14], who found that barely half of re-
cyclers are aware that their activities can pollute the air. Recyclers are somewhat
aware that their work pollutes the environment, but they chose to continue due
to lack of jobs. Recyclers in general do not have any knowledge of the pollutants
that their activities can generate. Ohajinwa, Van Bodegom [13] also found that
88% of recyclers in Nigeria are unaware of the hazardous chemical pollutants
contained in e-waste.

Regarding health, most recyclers (ie., 72%) were aware that their activities
pose health risks to them. This result contradicts that of Ohajinwa, Van Bode-
gom [13] who found out that only 30% of recyclers in Nigeria perceive the risk
to their own health. In the current study, the recyclers have reported several
symptoms that could be associated with contamination of their bodies as in sev-
eral other studies [7] [14] [15] [36] [37]. However, the current study collected
these symptoms based on participants’ reports. The next step would be to carry
out medical studies and epidemiological research to establish associations be-
tween work activities and chemical exposures with health measures. While the
majority of recyclers recognize a possible link between respiratory, cardiac and
eye diseases, they are unaware of the carcinogenic potential of the chemicals
contained in e-waste. Agyei-Mensah and Oteng-Ababio [14] also found that on-
ly 3% of recyclers in Ghana knew that the chemicals they routinely handled may
be carcinogenic. Of all the potential hazards associated with e-waste, the best
perceived by recyclers is the injury (88.9%). Black, Karki [15] also found the
same result in Nepal where they found an injury prevalence of over 80%. A sig-
nificant injury prevalence was also found in Ghana (50%) [14]. While workplace
injuries for e-waste recyclers in Nigeria are reported to be as high as 68%, the
majority of recyclers (ie., 90%) are not worried about these injuries [19] Oha-
jinwa, Van Bodegom [13]. This is most likely due to the search for the financial
benefit that matters more than anything else to them. The results of our study
indicated that while recyclers are generally aware that their activities pose se-
rious risks to their own health, they are not aware that their activities may ex-
tend the health hazards to people living in proximity to the recycling sites. This
is in accordance with the findings of Yu, Akormedi [7] study that reported the
majority of recyclers have limited knowledge of the risks posed to the general
population. Several studies have proven the existence of these risks and crop

consumption was reported as the main exposure pathway [38] [39] [40]. At the
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onset of symptoms, recyclers first resort to self-medication, traditional medicine
or homemade family recipes. Some even let the symptoms disappear on their
own. Yu, Akormedi [7] reported the same result in their study in Ghana.

Our study had several limitations; firstly, the lack of data regarding the num-
ber of e-waste recyclers did not allow us to determine the sample size using a
statistical protocol. This could have an impact on the representativeness of the
e-waste recyclers. Nevertheless, this bias was controlled by including all e-waste
recyclers available during the study period and at several (larger) recycling sites.
Secondly, the symptoms reported in this study were based on participants’
self-reporting (questionnaire) and not on a medical consultation basis. Note that
this study gives an overview of the situation of knowledge and practices of

e-waste recyclers in Cotonou, thus, the results should be interpreted with caution.

5. Conclusions

This study analyzed the knowledge of health and environmental risks as well as
the practices of e-waste recyclers in Cotonou in which we considered the so-
cio-demographic characteristics, professional profile, knowledge and practices of
e-waste recyclers.

Recyclers have limited knowledge of the risks that their daily activities may
pose to the environment and human health. Their practices often reflect ignor-
ance of the seriousness of their actions and sometimes a lack of financial re-
sources to adopt safe and environmentally friendly behaviors. It is therefore im-
perative to develop and implement environmental health education policies
adapted to the e-waste recycling sector. Regarding education and prevention, it
will be necessary to raise awareness among those involved in e-waste recycling,
including recyclers, about the risks (environment and health) and the impor-
tance of acting. This will help better inform recyclers and their employers about the
dangers associated with their activities. There is limited support from public authori-
ties for e-waste workers, thus, there should be national and international standards
to enforce local occupational health and the health and well-being of recyclers.

Beyond self-reporting of health consequences, future research should consider
medical consultations to establish the certainty of disease occurrence due to in-
formal e-waste recycling. Due to its novelty in Benin, the present study could
nevertheless be used as a reference not only to carry out purely medical studies
but also to give the interest for the public authority to count the workers in the
e-waste recycling sector while regularizing the sector. Concerning regulation, it
will be necessary to adopt regulatory texts that prohibit not only traditional and
informal recycling without the recommended technologies but also any nuisance
that may result from recycling activities. In addition, the social and environmental

responsibility of companies that recycle e-waste will have to be encouraged.
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