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Objectives: To determine urinary mercury levels in e-waste workers in Southern Thailand and the airborne mercury levels in the e-

waste shops where they worked, to describe the associations between urinary and airborne mercury levels, and to evaluate the preva-

lence of mercury exposure-related health effects among e-waste workers.

Methods: A cross-sectional study was conducted by interviewing 79 workers in 25 e-waste shops who lived in Nakhon Si Thammarat 

Province, Thailand. Information on general and occupational characteristics, personal protective equipment use, and personal hy-

giene was collected by questionnaire. Urine samples were collected to determine mercury levels using a cold-vapor atomic absorp-

tion spectrometer mercury analyzer.

Results: The e-waste workers’ urinary mercury levels were 11.60±5.23 µg/g creatinine (range, 2.00 to 26.00 μg/g creatinine) and the 

mean airborne mercury levels were 17.00±0.50 μg/m3 (range, 3.00 to 29.00 μg/m3). The urinary and airborne mercury levels were sig-

nificantly correlated (r=0.552, p<0.001). The prevalence of self-reported symptoms was 46.8% for insomnia, 36.7% for muscle atro-

phy, 24.1% for weakness, and 20.3% for headaches.

Conclusions: Personal hygiene was found to be an important protective factor, and should therefore be stressed in educational pro-

grams. Employers should implement engineering measures to reduce urinary mercury levels and the prevalence of associated health 

symptoms among e-waste workers.
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INTRODUCTION

Electronic waste, or e-waste, can be defined as discarded 
computers, electronic office equipment, electronic entertain-
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ment devices, mobile phones, television sets, and refrigerators 
[1]. An estimated 50 million tons of e-waste are produced each 
year [2]. In the US, 30 million computers are discarded each 
year, and 100 million phones are disposed of in Europe annu-
ally. The Environmental Protection Agency has estimated that 
only 15-20% of e-waste is recycled, while the rest of these 
electronics go directly into landfills and incinerators [3]. Thai-
land is a developing country that faces e-waste problems due 
to a lack of appropriate technologies, facilities, and resources, 
as well as gaps in e-waste regulations causing the illegal im-
portation of e-waste for dismantling and recycling purposes 
[4-8]. Substances found in e-waste include epoxy resins, fiber-
glass, polychlorinated biphenyls, polyvinyl chlorides, thermo-
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setting plastics, lead, tin, copper, silicon, beryllium, carbon, 
iron, aluminum, cadmium, mercury, and thallium [8]. Mercury 
can be found in fluorescent tubes (numerous applications), tilt 
switches (mechanical doorbells, thermostats) [3], and flat-
screen monitors. Toxic substances in e-waste can be released 
into the environment, ending up in bodies of water, ground-
water, soil, and air. This can impact the health of land and sea 
animals, including humans [9-12]. Mercury exposure can lead 
to several adverse health effects, including sensory impair-
ment, dermatitis, memory loss, and muscle weakness. Expo-
sure in utero causes fetal deficits in motor function, attention, 
and verbal domains [13].

For the purposes of this study, an e-waste shop was defined 
as a facility that engages in the refurbishment, dismantling, or 
recycling of e-waste. The objectives of this study were to de-
termine urinary mercury levels in e-waste workers and the air-
borne mercury levels in the e-waste shops where they worked, 
to assess associations between urinary and airborne mercury 
levels, and to evaluate the prevalence of mercury exposure-re-
lated health effects among e-waste workers.

METHODS

In this cross-sectional study, urinary mercury samples were 
collected from 79 e-waste workers who worked in 25 e-waste 
shops in Nakhon Si Thammarat Province, southern Thailand, 
from May to August 2016. This research was approved by the 
ethics committee of the Institute of Research and Develop-
ment, Thaksin University (no. E001/2557).

Study Population
This study enrolled workers at e-waste shops with records of 

high levels of exposures; in total, 79 e-waste workers (25 office 
workers refer to the workers who worked in office area that 
low levels of exposure; and 54 worker in e-waste processes re-
fer to the workers who worked in e-waste processes area that 
high levels exposure) were recruited from 25 e-waste shops in 
Nakhon Si Thammarat Province in southern Thailand. The in-
clusion criteria for the exposed group were: e-waste workers, 
aged 18-57 years, in occupational contact with e-waste, who 
had maintained that occupational contact for at least 1 year. 
Participants who agreed to take part in the study provided 
written informed consent. Of the 79 exposed subjects recruit-
ed, 47 were male and 32 were female. 

Questionnaires and Urine Sample Collection
General information on the e-waste workers was collected 

by face-to-face interviews using a survey form, by a walk-
through survey, and through on-site observations. The 79 e-
waste workers were interviewed using a questionnaire. De-
tailed information was collected, including general and occu-
pational characteristics, personal protective equipment (PPE) 
use, and personal hygiene. At the end of each shift, the sub-
jects were interviewed about their general characteristics, in-
cluding work-related factors. Spot urine samples (30 mL) were 
collected from the first urination in the morning, then kept in 
polypropylene sample vessels and stored at -20°C for analysis.

Airborne Mercury Collection
The dosimeter and hopcalite sampling devices were ex-

posed side-by-side following step-by-step experimental pro-
cedures that have been previously described [14]. All samples 
were collected in the e-waste workers’ breathing zone accord-
ing to the Occupational Safety and Health Administration ana-
lytical method. Each personal sampling pump was calibrated 
with a representative sampler, and the end of the sampler was 
broken off immediately prior to sampling. Samplers were at-
tached to pumps with flexible tubing and air was collected at 
a rate of 0.15 to 0.25 L/min. Samplers were capped and packed 
securely for shipment. Hopcalite sorbent and the front glass 
wool plug from each sampler were placed in separate 50 mL 
volumetric flasks, and 2.5 mL of concentrated nitric acid fol-
lowed by 2.5 mL of concentrated hydrogen chloride was add-
ed. The hopcalite sorbent was dissolved, diluted to 50 mL with 
deionized water, and the mercury concentration was then de-
termined with cold-vapor atomic absorption spectroscopy.

Laboratory Analysis
Measurement of urinary creatinine levels

Creatinine levels in urine were determined using the Jaffe’s 
reaction, in which creatinine produces an orange color after 
reaction with picric acid in alkaline medium [15]. After allow-
ing an incubation time of 15 minutes at room temperature for 
color development, optical absorbance was measured at 520 
nm.

Measurement of urinary mercury levels
The method of measuring urinary mercury levels was modi-

fied from that of Ham [16]. A CETAC M6000A cold-vapor atom-
ic absorption spectrometer (CETAC, Omaha, NE, USA) was used 
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to measure urinary mercury levels. The instrumental parame-
ters were a slit width of 0.5 μm, wavelength of 253.7 nm, pho-
to multiplier tube of 4 mA, no background correction, and a 
delay time before reading of 55 or 70 seconds.

Validation of urinary mercury analyses
Field water blank samples (10% of urine specimens) were 

frozen and shipped on dry ice as quality control for all analy-
ses. These field blanks were analyzed for mercury using the 
same method. A series of standard additions containing 0, 10, 
20, and 40 mg/dL were prepared. The correlation coefficient (r) 
between the mercury concentration in the authentic mercury 
solution and absorption was 0.9995. The overall limit of detec-
tion was 5 mg/g creatinine. External quality control (Lyphochek 
While Blood Metals Control; Bio-Rad, Hercules, CA, USA) and a 
5 mg/L calibration range standard check were performed at 
the start and end of the analysis, and after every 10 samples. 
The accuracy of the overall method ranged from 96.8 and 
98.8%, and the calculated precision was within an 8.0% rela-
tive standard deviation. The detection limit for mercury was 
0.15 μg/L. The urinary mercury analysis required 0.2 mL of 
urine. 

Statistical Analysis
Descriptive statistics were used to present the results of the 

urinary mercury tests. The means of normally distributed data 
groups were compared using the Student t-test. The Pearson 
test was used to investigate the association between airborne 
mercury levels and urinary mercury levels. Statistical signifi-
cance was defined as p<0.05 and statistical analyses were 
performed using SPSS version 17 (SPSS Inc., Chicago, IL, USA).

RESULTS

Demographic Characteristics of the Subjects
The subjects of this study consisted of 79 e-waste workers in 

e-waste shops in Nakhon Si Thammarat Province, southern 
Thailand. The age range of the e-waste workers was 18-57 
years (mean, 34.27 years). All workers were Buddhist. The ma-
jority had a secondary-school education or lower (67.1%), and 
nearly half were married (48.1%). The subjects consisted of 27 
smokers (34.2%) and 52 non-smokers (65.8%), while 53.2% re-
ported that they consumed alcohol. In this study, 59.5% of 
subjects consumed fish and seafood ≤3 times/mo, while 
40.5% consumed fish and seafood >3 times/mo.  

Of all subjects, 57.0% worked more than 8 hours per day 
and 81.0% had a work duration of more than 6 years. Most 
subjects (73.4%) did not used cotton masks and 51.9% did not 
used gloves when contacting e-waste. Only 25.3% of them 
washed their hands before lunch, while 74.7% did not do so. 

The average urinary mercury levels of the e-waste workers 
were significantly different from those of 25 office workers re-
fer to the workers who worked in office area  that low levels of 
exposure; and 54 worker in e-waste processes refer to the 
workers who worked in e-waste processes area that high lev-
els exposure that shown in study population (p<0.001). It was 
found that mean urinary mercury levels were significantly af-
fected by characteristics such as smoking cigarettes, hours 
worked per day, duration of work, not using PPE, and not 
washing one’s hands before lunch (p<0.001) (Table 1).

Non-smoking workers’ urinary mercury concentrations were 
significantly lower (β=-0.004, p<0.001) than those of their 
smoking counterparts. Those who consumed fish ≤3 times/
mo had significantly lower urinary mercury concentrations 
than those who consumed fish >3 times/mo (β=0.024, p=  
0.016). Age and gender were not significant risk factors for uri-
nary mercury concentrations (β=-0.008, p=0.875; β=-0.004, 
p=0.987, respectively). Smoking status appeared to be a con-
founder for age. Urinary mercury concentrations were positive-
ly correlated with the amount of fish consumed per month. 
Among the non-smokers, the office workers had lower urinary 
mercury concentrations than those who worked directly in e-
waste processing (p<0.001). 

In the multivariate regression analysis, smoking cigarettes, 
hours worked per day, duration of work (years), not using a 
cotton mask, not washing one’s hands before lunch, and fish 
consumption were significant predictors of urinary mercury 
concentrations (Table 2). 

Correlation Between Air Mercury Levels and  
Urinary Mercury Levels

The mean airborne mercury level was 17.00±0.50 μg/m3 
(range, 3.00 to 29.00 μg/m3). The occupational exposure stan-
dard for mercury in the workplace atmosphere is 50 µg/m3 for 
8 hr/d and 40 hr/wk, using time-weight averages [17]; none of 
the air samples exceeded this level. However, the mean air-
borne mercury levels were significantly lower in the office ar-
eas (10.82±0.34 μg/m3; range, 3.00 to 15.00 μg/m3) than in 
the working areas (25.24±0.21 μg/m3; range, 15.00 to 29.00 
μg/m3). The mean urinary mercury concentration was 11.60±
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Table 1. Subject characteristics

Characteristics n (%) 
Urinary mercury 

levels (mean±SD, 
 µg/g creatinine)

p-value

Work position <0.001

   Worked in e-waste 
processes

54 (68.4) 18.98±5.89

   Office workers 25 (31.6) 9.15±3.28

Socio-demographic

   Gender 0.06

      Men 47 (59.5) 11.05±3.58

      Women 32 (40.5) 9.98±2.35

   Age (y) 0.16

      ≤34 46 (58.2) 9.55±3.08

      >34 33 (41.8) 10.98±5.80

   Education 0.07

      ≤Secondary school/ 
vocational certificate 
or equivalent 

53 (67.1) 12.90±5.12

      >Secondary school/ 
vocational certificate 
or equivalent

26 (32.9) 10.51±4.08

Behavioral

   Smokes cigarettes <0.001

      Yes 27 (34.2) 16.55±4.25

      No 52 (65.8) 8.90±3.12

   Drink alcohol 0.07

      Yes 42 (53.2) 12.25±5.01

      No 37 (46.8) 10.59±5.89

   Hours worked per day <0.001

      8 34 (43.0) 8.65±3.28

      ≥8 45 (57.0) 19.07±5.12

   Duration of work (y) <0.001

      6 15 (19.0) 9.65±3.18

      ≥6 64 (81.0) 17.07±5.16

Personal protective equipment

   Cotton mask <0.001

      Yes 21 (26.6) 9.00±3.24

      No 58 (73.4) 15.77±5.36

   Gloves <0.001

      Yes 38 (48.1) 9.15±3.08

      No 41 (51.9) 16.87±4.15

Personal hygiene

   Washed hands before lunch <0.001

      Yes 20 (25.3) 8.95±3.56

      No 59 (74.7) 16.90±3.58

   Consumed fish (times/mo) <0.001

      ≤3 47 (59.5) 7.99±3.17

      >3 32 (40.5) 16.05±3.25

SD, standard deviation. 

Table 2. Univariate analysis for factors associated with work 
positions

Characteristics
Work positions (n) 

p-value OR (95% CI)E-waste 
(n=54)

Office 
(n=25)

Socio-demographic

   Gender 0.09

      Men 35 12 0.81 (0.61,1.05)

      Women 19 13 1.00 (reference)

   Age (y) 0.56

      ≤34 34 12 1.11 (0.72, 159)

      >34 20 13 1.00 (reference)

   Education 0.05

      ≤Secondary 
school/ vocational 
certificate or 
equivalent 

47 6 1.00 (reference)

      >Secondary school/ 
vocational  
certificate or 
equivalent

7 19 1.45 (106, 1.98)

Behavioral

   Smokes cigarettes 0.003

      Yes 24 3 1.00 (reference)

      No 30 22 1.34 (1.02, 1.72)

   Drink alcohol 0.05

      Yes 28 14 1.00 (reference)

      No 26 11 1.46 (1.05, 1.87)

   Hours worked per day 0.02

      8 22 12 0.15 (0.00, 0.48)

      ≥8 32 13 1.00 (reference)

   Duration of work (y) 0.01

      6 9 6 1.43 (1.11, 1.87)

      ≥6 45 19 1.00 (reference)

Personal protective equipment

   Cotton mask 0.008

      Yes 2 19 1.00 (reference)

      No 52 6 1.33 (1.15, 1.98)

   Gloves 0.12

      Yes 16 22 1.00 (reference)

      No 38 3 1.25 (0.86, 1.68)

Personal hygiene

   Washed hands before lunch 0.02

      Yes 2 18 0.57 (0.37, 0.98)

      No 52 7 1.00 (reference)

   Consumed fish (times/mo) 0.02

      ≤3 29 18 0.69 (0.97, 1.67)

      >3 25 7 1.00 (reference)

OR, odds ratio; CI, confidence interval. 
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5.23 µg/g creatinine (range, 2.00 to 26.00 μg/g creatinine). In 
this study, the workers who worked in office areas (9.84±1.02 
µg/g creatinine; range, 3.00 to 15.30 μg/g creatinine) had sig-
nificantly lower urinary mercury concentrations than those 
who did not (19.26±3.02 µg/g creatinine; range, 15.00 to 
29.00 μg/g creatinine). A significant correlation was found be-
tween the sampled airborne mercury levels and urinary mer-
cury levels (r=0.552, p<0.001) (Figure 1).

Prevalence of health symptoms among the subjects 
The prevalence of self-reported symptoms in the past 3 

months is shown in Table 3. The most common symptom was 
insomnia (46.8%), followed by muscle atrophy (36.7%), weak-
ness (24.1%), and headaches (20.3%).

The relationships between position worked, gender, age, 
educational level, smoking, alcohol consumption, hours 
worked per day, duration of work, use of PPE, and personal hy-
giene (as independent variables) with the symptom rates for 4 
selected symptoms (insomnia, muscle atrophy, weakness, and 
headaches) are shown in Table 4.

The prevalence of insomnia was statistically significantly 
higher among subjects who worked in e-waste processing 
than among subjects who worked in an office environment 
(p<0.001). The education, gender, age, smoking, alcohol con-
sumption, duration of work, mask use, and glove use were all 
significantly associated with increased insomnia at the level of 
p<0.001. 

The prevalence of muscle atrophy was statistically signifi-
cantly higher among workers who worked in e-waste process-
ing than among office workers (p<0.001). The following vari-
ables (gender, age, education, hours worked per day, mask 
use, glove use, and washing one’s hands before lunch) were 

also significantly associated with increased muscle atrophy at 
the level of p<0.001. 

The prevalence of weakness was statistically significantly 
higher among workers who worked in e-waste processing 
than among subjects who worked in the office (p<0.001). In 
addition, gender, age, education, and hours worked per day 
were significantly associated with weakness at the level of 
p<0.001.

In addition, the prevalence of headaches was statistically 
significantly higher among workers who worked in e-waste 
processing than among office workers (p<0.001). The follow-
ing variables (education, hours worked per day, duration of 
work, mask use, and washing one’s hands before lunch) were 
also significantly associated with headaches at the p<0.001 
level.

DISCUSSION

Urinary mercury levels are commonly used as diagnostic 
measures and indicators of mercury exposure in humans [18]. 
The urinary mercury levels of the subject workers were all be-
low the 35 µg/g creatinine biological exposure index recom-
mended by the American Conference of Governmental Indus-
trial Hygienists (ACGIH) [18]. Overall, 16.5% of the airborne 
mercury samples (13 of 79) exceeded the 25 µg/m3 threshold 
recommended by the ACGIH [18]. However, all samples were 
below the 50 µg/m3 time-weight average exposure index rec-
ommended by the Department of Labor Protection and Wel-
fare of Thailand [17]. 

Table 3. Prevalence of health symptoms during the preced-
ing 3 months 

Variables n Prevalence (%)

Emotional changes

   Mood swings 12 15.2

   Irritability 23 29.1

   Nervousness 9 11.4

   Excessive shyness 8 10.2

Insomnia 37 46.8

Neuromuscular changes 

   Weakness 19 24.1

   Muscle atrophy 29 36.7

   Twitching 14 17.7

Headaches 16 20.3

Disturbances in sensations 7 8.9

Changes in nerve responses 12 15.2

Figure 1. The correlation plot of airborne mercury levels ver-
sus e-waste workers’ urinary mercury levels.
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Table 4. Prevalence of symptoms in the preceding 3 months 

Characteristics Total 
(n)

Insomnia Muscle atrophy Weakness Headaches

Count 
(n)

Prevalence 
(%) p-value Count 

(n)
Prevalence 

(%) p-value Count 
(n)

Prevalence 
(%) p-value Count 

(n)
Prevalence 

(%) p-value

Total (n) 37 46.8 29 36.7 19 24.1 16 20.3 

Work position <0.001 <0.001 <0.001 <0.001

   Worked in e-waste  
processes

54 34 63.0 26 48.1 15 27.8 14 25.9

   Office workers 25 3 12.0 3 12.0 4 16.0 2 8.0

Socio-demographic

   Gender <0.001 0.06 <0.001 0.06

      Men 47 31 66.0 12 25.5 16 34.0 7 14.9

      Women 32 6 18.8 17 53.1 3 9.4 9 28.1

   Age (y) <0.001 <0.001 <0.001 <0.001

      ≤34 46 5 10.9 8 17.4 2 4.3 3 6.5

      >34 33 32 97.0 21 63.6 17 51.5 13 39.4

   Education <0.001 <0.001 <0.001 <0.001

      ≤Secondary school/  
vocational certificate  
or equivalent 

53 15 28.3 15 28.3 9 17.0 8 15.1

      >Secondary school/   
vocational certificate  
or equivalent

26 22 84.6 14 53.8 10 38.5 8 30.8

Behavioral

   Smokes cigarettes <0.001 0.06 0.05 0.05

      Yes 27 25 92.6 12 44.4 8 29.6 9 33.3

      No 52 12 23.1 17 32.7 11 21.2 7 13.5

   Drink alcohol <0.001 0.06 0.05 0.60

      Yes 42 26 61.9 15 35.7 9 21.4 7 16.7

      No 37 11 29.7 14 37.8 10 27.0 9 24.3

   Hours worked per day 0.05 <0.001 <0.001 <0.001

      8 34 14 41.2 8 23.5 4 11.8 3 8.8

      ≥8 45 23 51.1 21 46.7 15 33.3 13 28.9

   Duration of work (y) <0.001 0.24 0.50 <0.001

      6 15 5 33.3 5 33.3 4 26.7 2 13.3

      ≥6 64 32 50.0 24 37.5 15 23.4 14 21.9

Personal protective equipment

   Cotton mask <0.001 <0.001 0.05 <0.001

      Yes 21 1 4.8 1 4.8 4 19.1 3 14.3

      No 58 36 62.1 28 48.3 15 25.9 13 22.4

   Gloves <0.001 0.03 0.06 0.60

      Yes 38 15 39.5 12 31.6 9 23.7 7 18.4

      No 41 22 53.7 17 41.5 10 24.4 9 22.0

Personal hygiene

   Washed hands before lunch 0.06 <0.001 0.05 <0.001

      Yes 20 10 50.0 5 25.0 4 20.0 3 15.0

      No 59 27 45.8 24 40.7 15 25.4 13 22.0



Somsiri Decharat

202

This study agrees with the results of Babu et al. [19], who re-
ported that the recycling process of e-waste may release mer-
cury in its elemental vapor form into the environment. Work-
ers who live at e-waste recycling sites may be exposed to both 
inorganic and organic mercury. The results of this study are 
also similar to those reported by Decharat [20] and Julander et 
al. [21], who found that garbage workers who had contact 
with solid waste were at a greater risk of exposure to mercury 
than those who were in other positions. This result is also con-
sistent with the study of Needhidasan et al. [22], who reported 
that levels of hexavalent chromium, manganese, lead, and tin 
were significantly higher in workers at an e-waste recycling fa-
cility than in e-waste workers in a slum community. In con-
trast, the levels of cobalt, silver, cadmium, and mercury were 
significantly higher in the slum community workers than in 
the facility workers.

Workers who worked more than 8 hours per day and had 
worked at the facilities for more than 6 years had significantly 
higher urinary mercury levels than their counterparts. This re-
sult is supported by the findings of Hansen and Danscher [23], 
who reported that long-term exposure to mercury and a lack 
of appropriate prevention may lead to an accumulation of 
mercury in workers’ bodies. The author noted that the e-waste 
workers were working in a poorly-ventilated, enclosed area 
without a mask and technical expertise, resulting in danger-
ous levels of exposure. This result is further supported by Jafari 
et al. [24], who also showed that when local and general venti-
lation systems were both on, the occupational exposure to ox-
ide chemicals was below the threshold limit values (TLVs), but 
that exposure to respiratory dust at 2 welding stations and 
ozone levels at 3 welding stations were higher than the re-
spective TLVs.

Workers who used a mask and/or gloves had significantly 
lower urinary mercury levels than those who did not, and 
those who always washed their hands before lunch had signif-
icantly lower urinary mercury levels than those who some-
times did so. This highlights the benefits of good hygiene 
practices after handling e-waste. Workers must adhere to 
good personal hygiene, especially before eating, smoking, and 
when leaving the workplace, so that microorganisms and 
harmful chemicals are unable to be absorbed into their bodies 
or transmitted to another environment on the clothes of con-
taminated workers [25].

Seafood was probably also a cause of elevated urinary mer-
cury levels, which were significantly different in recycling 

workers and office workers [26].
This study assessed health symptoms among e-waste work-

ers. Health symptoms, including insomnia, muscle atrophy, 
weakness, and headaches, were significantly more prevalent 
among workers who were directly involved in e-waste pro-
cessing than among other workers. The prevalence of insom-
nia in this study was consistent with the findings of Wilson 
[27], which reported the occurrence of certain symptoms, in-
cluding insomnia, headaches, disturbances in sensations, and 
tremors among workers who had contact with e-waste. The 
health symptoms found in this study are similar to those de-
scribed by Huo et al. [28], who reported that the prevalence 
rates of headache/vertigo (47.7%), itching (15.0%), nausea 
(11.1%), insomnia (9.7%), hypomnesia (5.3%), nasal obstruc-
tion (5.3%), and conjunctiva congestion (4.8%) in e-waste dis-
mantlement workers were significantly higher than those in 
the control group. The period of time worked in an e-waste 
shop was statistically significantly associated with the preva-
lence of health symptoms among e-waste workers. This find-
ing is also supported by the findings of Grant et al. [29], who 
showed that increases in spontaneous abortions, stillbirths, 
premature births, and reduced birth weight and birth length 
were associated with the length of exposure to e-waste.

The use of PPE at work was also statistically significantly as-
sociated with the prevalence of health symptoms among e-
waste workers. This finding is also supported by the results of 
Monika and Kishore [30], who reported that the majority of in-
formal e-waste recyclers did not use any PPE to protect them-
selves from the dangerous toxins released by processing e-
waste. This is also consistent with a study by the International 
Labor Organization [31], which reported that when the recy-
cling process (cleaning, crushing, or heating parts) was carried 
out using bare hands and without the use of masks, the ad-
verse health effects included sensory impairment, dermatitis, 
memory loss, and muscle weakness [10]. In the present study, 
the author noted that the types of PPE in use in these shops 
were inappropriate for this type of work. Mercury can accumu-
late on the surfaces of the PPE used by the e-waste workers. In 
addition, mercury can penetrate a cotton mask and enter a 
worker’s airway. E-waste workers using these inappropriate 
protective devices may mistakenly believe that they are pro-
tected. 

A limitation of this study is that our data did not contain in-
formation on amalgam restorations, although previous stud-
ies have shown significant associations between amalgam fill-
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ings and oral lesions, autoimmune disorders, multiple sclerosis 
[32], central nervous symptoms [33], and subfertility in fe-
males [34]. 

In conclusion, personal hygiene is an important protective 
factor that should be stressed in educational programs. Em-
ployers should implement engineering measures to reduce 
urinary mercury levels and the prevalence of related health 
symptoms among e-waste workers.
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