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ABSTRACT

Background: Persistent Organic Pollutants (POPs) are toxic chemicals that persist in the
environment, bioaccumulate in living organisms and pose a threat to human health and the
environment. They can cause a range of health problems, including cancer, developmental
and reproductive effects, and immune system damage. This study aims to assess the frequency
of detection of POPs among electronics workers. Subjects and Methods: The study included
155 electronics workers. Blood samples were collected from all participants and tested
for 6 categories of POPs which are dioxins, furans, polycyclic aromatic hydrocarbons
(PAH), hexachlorobenzene, bromo derivatives and polychlorinated biphenyls (PCBs)
by using gas chromatography coupled with mass spectrometry (GC/MS).
Results: Approximately 78% of participants showed POPs in their serum samples and two-
thirds of polluted workers had more than one congener up to 13 different POPs congeners
detected in the same sample. The most frequent category detected in participants was furans
(62%), followed by PAH (61%). POPs were detected among 84% of blue collars compared to
54% of white (p < 0.001). Body mass index, blood pressure, random blood sugar and glycated
hemoglobin were evaluated in a comparative manner between participants with detected
POPs and those without, but the difference was not statistically significant.
Conclusion: There is high frequency of POPs detection in serum samples of workers in
electronics industries which reflects high exposure either occupationally or environmentally.
Further studies should be performed to track the source of exposure and start prevention
strategy. Follow-up of participants to detect any complications related to POPs.
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INTRODUCTION immune system damage (Fitzgerald et al.,

Persistent Organic Pollutants (POPs) are a
group of chemical substances that are
characterized by their persistence in the
environment, long-range transport, potential
for bioaccumulation, and toxicity. These
properties lead to a wide range of negative
impacts on human health, wildlife, and
ecosystems (EPA, 2009).

POPs are a major global environmental health
concern because they are resistant to
degradation, can travel long distances, and
accumulate in the food chain, leading to
potential human exposure through food, air,
and water. Moreover, they can cause a range
of health problems, including cancer,
developmental and reproductive effects, and

2014).

Some POPs as polychlorinated biphenyls
(PCBs) are considered endocrine disruptors
and are linked to type 2 diabetes and
prediabetes (Lee et al., 2011; Evertt et al.,
2011). International efforts have been made to
reduce the presence of POPs in the
environment, including the Stockholm
Convention on Persistent Organic Pollutants,
which is a treaty signed by over 170
countries, with the aim of eliminating the
production and use of certain POPs
(Fitzgerald et al., 2014).

Some common types of POPs include
(Miniero et al., 2015):
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e Dioxins and Furans: They are by-products

of combustion processes and industrial
activities such as plastic and wood
burning, and pesticide production.
Polychlorinated Biphenyls (PCBs): Used
in the manufacture of electrical equipment,
paints, and adhesives.

Hexachlorobenzene (HCB): Used as a
fungicide in  agriculture and an
intermediate in the production of other
chemicals.

Pesticides: Some pesticides, such as DDT,
are persistent in the environment and have
been linked to adverse health effects,
including cancer and endocrine disruption.
Other insecticides as lindane and chlordane
are also classified as persistent organic
pollutants (POPs) due to their persistence
in the environment and toxicity to wildlife
and humans.

Brominated flame retardants: Used in
electronics equipment, building materials,
and textiles.

According to The World Health
Organization (WHO); Dioxins and furans
are toxic chemicals that are produced as
by-products  of  various industrial
processes, such as the incineration of
wastes, the production of pesticides and
herbicides, and the manufacture of certain
chemicals. They are also produced as a
result of natural processes, such as forest
fires and volcanic eruptions. Dioxins and
furans are highly persistent in the
environment and can accumulate in the
food chain, including in human tissues.
They are classified as persistent organic
pollutants (POPSs) due to their long half-life
in the environment and their ability to
bioaccumulate in living organisms.
Exposure to dioxins and furans can have a
range of adverse health effects, including
cancer and endocrine disruption (WHO,
2016).

WHO, (2016) has classified dioxins as
highly toxic and carcinogenic to humans.
As a result, measures have been taken in
many countries to reduce human exposure
to dioxins and furans, including regulations
on emissions from industrial processes and
restrictions on the use of certain chemicals.
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THE AIM OF THE WORK
This study was conducted to assess the
frequency of detection of 6 categories of
POPs among workers in electronics
industry.

SUBJECTS AND METHODS
Ethics
The study was approved by institutional
research ethics committee with approval
number (4146) on 27/ 4 / 2020.
The study procedures are in accordance
with  the guidelines of  Helsiniki
declarations of the world medical
association, on human experimentation.
Study design
Descriptive cross sectional study design.
This is the 1% phase of a research project in
which we assessed frequency of 6
categories of POPs in serum samples of
workers in electronics industries then in
the 2" phase, we assessed the relation
between biphenyls (PCBs and PBBs) and
type 2 diabetes though assessment the
difference in levels of RBS and HbAlc as
indicators of glycemic control among
positive workers compared to negative
workers.
Study setting and population
All workers in electronic companies in the
industrial area of 10th of Ramadan city,
Egypt represented our sampling frame
then, we chose 3 companies by simple
random method. A complete list of
workers from the each of the 3 companies
was obtained then, 52 workers were
selected from each company list by simple
random method. One sample was lost due
to tube break during transport to give a
total of 155 participants entered the
analysis. In phase 2, three participants
were excluded because they were diabetics
before the start of the study.

Methods

Data were collected by using:

Structured interview questionnaire
(inquired about socio-demographic

characteristics, occupational and medical
history),

Measurements: blood pressure, weight and
height measurements and,

Collected blood samples for assessment of
POPs, random blood sugar and glycated
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haemoglobin. Five ml of blood were
collected from each participant and were
divided into 2 tubes. One was for blood
sugar and HbA1c testing. The 2" tube was
sent to central toxicology laboratory of the
faculty of Science - Suez Canal university
wher it was centrifuged, prepared and
stored for further analysis by GC/MS.

e GC/MS analysis was performed in the
national research centre, analytic method
summary; Trace GC Ultra / 1SQ Single
Quadruple MS, USA with TG-5MS fused
silica capillary column. Helium gas was
used as the carrier gas at a constant flow
rate of ImL/min. The temperature of the
MS transfers line and injector was fixed at
280 °C. The oven temperature was set to
start at 50 °C (hold for 2 minutes), increase
to 150 °C at a rate of 7 °C/min, then to 270
°C at a rate of 5 °C/min (hold for 2
minutes), and finally to 310 °C as a final
temperature at a rate of 3.5 °C/min (hold
for 10 minutes).

Frequency of Persistent Organic Pollutants. ..

A tentative identification of the compounds
was performed based on the comparison of
their relative retention time and mass spectra
with those of the NIST, WILLY library data
of the GC/MS system. Random blood sugar
and HbAlc testing was done by fully
automated auto analyzer Cobus C501. More
details of laboratory analysis methods are
discussed in phase 2 manuscript. Part of
GC/MS of a participant with dioxin and furan
in his sample is shown in figure (1).
STATISTICAL ANALYSIS

All data were coded and entered in SPSS
version 25. Quantitative data were presented
as mean and standard deviation while
qualitative data were presented as frequency
and percentage. Data normality was tested by
Kolmogrov Smirov test and all laboratory
tests and blood pressure reading were not
normally distributed. The difference between
workers with detected POPs and those
without were assessed by Mann Whitney U
test and the difference in detection between
blue collars and white collars was tested by
Chi square test. P value<0.05 was considered
statistically significant.

Relatve Abundance

25

€
s

o
L A P )
RhERURUBRULERSI,

b A1 F

RT Pr < Namwe S

Moleculas Fosmula

[4 4 -bedsbenzofuran] -2 > 3 123
3. 5" revaremakis{rimethy 56
Tsalame
1SO1 - Hydoxypugemm-7 3 123
Iactome Damecand Estes 33
952 propyl chlocoacesare 5 123

I o
OO = 0.

®T Frotuaknluey Compound Name S Avea ma

1 Nasahodacrvonaphes < - 1 > 120
ERY 7 ss [t $JDmoxmo]? 3-b)-1 4= > s 2o
- dioxin. 92
hexahvdro 2.2 5 5 et

ethyl

622 C36HIS0IS:3

538 € AEHISNIOT

158 CIHSClOz

Mobecular Wessht Molecular Fosmeala

=80 C308E2ZON2>

o> < roEIEOS mambh

Figure (1): Part of GC/MS tracing of a participant with dioxin and furan in his serum sample
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RESULTS
One hundred and fifty-five participants were
enrolled in the current study who were
working in electronics industry in 10" of
Ramadan city, Egypt. Socio-demographic
characteristics of participants are shown in
table (1). Six groups of persistent organic
pollutants were assessed in serum samples of
all participants which were (dioxins, furans,
polycyclic aromatic hydrocarbons (PAH),
hexachlorobenzene, bromo derivatives and
polychlorinated biphenyls (PCBs). The
frequency of POPs detection among samples
of study participants is shown in figure (1).
One hundred and twenty-one participants
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(78.1%) had POPs in their serum. About one-
third of participants positive for POPs had
only one congener in their serum while the
remaining two-thirds had more than one
congener up to 13 different congeners
detected in the same sample (Figure 2) with
median and IQR equals 2, 3 respectively.
The frequency of each of the 6 POPs classes
among positive participants is shown
in table (2). The most frequently detected
POP was furans detected in 61.9% of positive
followed by PAH detected in 61.2%. The
least detected class was PCBs which was
detected in only 2 samples.

Table (1): Socio-demographic characteristics of participating electronics workers (n =155)

Characteristic Frequenc Percentage
Age in years
e 20-40 99 63.9
e >40-60 56 36.1
Mean + SD 37.3+87
Marital status
e Single 17 11
e Married 138 89
Education
o |llliterate 2 1.3
e Read and write 1 0.6
e 1ry/ preparatory education 8 5.2
e 2ndry / technical education 106 68.4
e University education 33 21.3
e Postgraduate education 5 3.2
Occupation
e Blue collar 124 80
e White collar 31 20
Duration of work in years
e <5 24 15.5
e 5-10 28 18.1
e >10 103 66.5
Mean + SD 13.1+6.9
Smoking status
e Non-smoker 109 70.3
e X smoker 6 3.9
e Current smoker 40 25.8
Chronic diseases
e No 133 85.8
o Yes 22 14.2
v Hypertension 11 71
v Diabetes mellitus 3 1.9
v Heart diseases 1 0.6
v Dyslipidemia 4 2.6
v’ Thyroid diseases 1 0.6
v Liver diseases 4 2.6
v" Renal diseases 2 1.3
v Allergies 8 5.2
v' Others 2 1.3
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POPs

i Positive i Negative

Figure (1): Frequency of detection of POPs among studied electronics workers (n = 155).
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Figure (2): Number of different POPs congeners detected in each serum sample of positive
participants (n =121).

Table (2): Frequency of each class of POPs among positive participants (n = 121)

Frequency of Persistent Organic Pollutants. ..

POPs categories Frequency Percentage

Dioxins 5 4.1

Furans 75 61.9

Polycyclic aromatic hydrocarbons (PAH) 74 61.2

Hexachlorobenzene 46 38

Bromo derivatives 46 38

Polychlorinated biphenyls (PCBs) 2 1.6
Detection of POPs was higher among blue Body mass index, blood
collars compared to white collars (Figure 3) measurements, random blood sugar

this was statistically significant

pressure

hemoglobin Alc level of participants with

(p<0.001).Socio-demographic characteristics
of participants with detected POPs in their
serum samples are shown in table 3. As
shown in table (3) participants characteristics
were very close to overall sample
characteristics.

POPs are shown in table (4) and all of them
did not differ significantly from other
participants without POPs. About 86% of
positive participants were overweigh (BMI >
25) compared to (82.4%) among negative
participants (p = 0.602).
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Figure (3): detection of POPs among blue collars and white collars among study participants (n = 155).

Table (3): socio-demographic characteristics of participants with detected POPs in their
samples (n =121).

Characteristic Frequency Percentage
Age in years
e 20-40 74 63.2
e >40-60 47 38.8
Mean + SD 37.8+£9.1
Marital status
e Single 12 9.9
e Married 109 90.1
Education
o llliterate 1 0.8
e Read and write 1 0.8
e 1ry/ preparatory education 8 6.6
e 2ndry/ technical education 89 73.6
e  University education 18 14.9
e Postgraduate education 4 3.3
Occupation
o Blue collar 104 86
e White collar 17 14
Duration of work in years
e <5 19 15.7
e 5-10 19 15.7
e >10 83 68.6
Mean + SD 134+7.1
Smoking status
e  Non-smoker 82 67.8
o X smoker 4 3.3
e  Current smoker 35 28.9
Chronic diseases
e No 102 84.3
e Yes 19 15.7
v’ Hypertension 8 6.6
v Diabetes mellitus 3 25
v Heart diseases 1 0.8
v Dyslipidemia 3 25
v' Thyroid diseases 1 0.8
v Liver diseases 3 2.5
v' Renal diseases 2 1.6
v' Allergies 6 49
v Others 1 0.8
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Table (4): BMI, blood pressure and blood sugar assessment of participants with detected

POPs in their samples.
Measurement or lab test

Participants with

Participants without p-value

detected POPs in serum  detected POPs in serum
BMI 295+4.4

Systolic blood pressure
Diastolic blood pressure
Random blood sugar
Hemaoglobin Alc

1. Mann Whitney U test

DISCUSSION

This study has been conducted as a first phase
of a research project to assess six POPs in a
serum sample of 155 electronics workers in
Egypt then in the 2" phase we evaluated the
relation between biphenyls (chlorinated and
brominated) and glycemic control (by random
blood sugar and HbAlc) as early markers of
type 2 diabetes. The current study showed
that the study population is highly exposed to
POPs whereas POPs were detected in nearly
80% of participants’ serum samples. This
finding is in concurrent with the conclusion of
a systematic review that POPs have been
detected in human biological fluids at
alarming levels (Longo et al., 2021). Also, a
study conducted on Luxembourg general
adult population which detected 24 POPs by
hair analysis in more than 50% of the sample.
However, their methodology is quite different
because they used gas chromatography
coupled with tandem mass spectrometry to
extract  chemicals from  hair  after
decontamination (Peng et al., 2021).
Although the environmental exposure and
analysis technique are different, both results
showed high POPs levels which indicate
alarming exposure levels.

Regarding occupational exposure to POPs in
the current study, the POPs levels among blue
collars were higher than white collars and this
was statistically significant which indicates
occupational exposure among electronics
workers. This agrees with a review described
POPs exposure from electronics waste and
showed that electronics waste includes
persistent organic pollutants which can
contaminate the environment if not properly
processed or recycled.

125.4+15.8

845+10.1

123.5+42.2
45+05

30.7+6.7 0283
126.8 + 18.9 0.950"
83.8+14.4 0.467*
122.1+33.4 0.767"

44%05 0.524

In addition, humans become exposed to
electronics -waste constituents through
inhalation, ingestion, and dermal contact
(Alabi et al., 2021).

Regarding effect of POPs on blood pressure,
BMI and diabetes, the current study did not
show statistically significant difference
among  participants with POPs and
participants with no detected POPs regarding
BMI, blood pressure measurements, random
blood sugar and hemoglobin Alc level. This
is disagreed with a review describe the role
of POPs on obesity, which showed that
epidemiological data support a significant
association between exposure to POPs and
obesity and obesity-associated metabolic
disorders (e.g., type 2 diabetes mellitus and
metabolic syndrome) because POPs are
considered environmental obesogens. This
may be attributed to the increased frequency
of overweight (85%) among our study
participants regardless of their serum POPs
status. However, the existing data are counted
insufficient. So, further studies are needed to
better characterize the effects of exposure to
POPs in occurrence of obesity and other
metabolic disorders (Aaseth et al., 2022).
Many studies have suggested that POPs
exposure is considered an endocrine
disrupting chemicals that may be associated
with an increased risk of hypertension.
However a meta-analysis summary, about
POPs concentration and hypertension risk,
was in partial alignment with our findings as
it did not reveal significant relationship
between the non-dioxin-like PCBs and the
risk of hypertension, however, dioxin-like
PCBs was significantly associated with
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increased risk of hypertension (Park et al.,
2016).
Although, POPs are lipophilic compounds
which move with lipids and accumulate
mostly in adipose tissue and human studies
links low-dose POPs to an increased risk of
type 2 diabetes. A review sum up
epidemiological and experimental studies
results on chlorinated POPs and type 2
diabetes. It showed that exposure to POP
mixtures can increase risk of type 2 diabetes
risk in humans. However, inconsistent
statistical significance for individual POPs
could arise because of distributional
differences in  POP mixtures among
populations. In addition, relationship between
POPs and obesity in humans are inconsistent
(Lee et al., 2014).
CONCLUSION

There is high frequency of POPs detection in
serum samples of workers in electronics
industries reflecting high exposure either
occupationally or environmentally. Blue
collar workers are significantly more exposed
to POPs than white collar workers and POPs
have no significant effect on BMI, blood
pressure or type 2 diabetes.

RECOMMENDATIONS
Further studies should be performed to track
the source of exposure and start prevention
strategies. Follow up of participants to early
detect any complications related to POPs.
Limitation of the study
Electronics workers in Egypt are mainly
males so gender difference cannot be taken in
account in this study as all study participants
were males. Quantification of concentration
effect relationship should be considered in
further studies.
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